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ABSTRACT
Education intervention effectiveness to improve bed net care and repair knowledge or prac-
tices is unclear. To assess intervention effectiveness, we systematically reviewed eight peer-
reviewed literature databases and 16 malaria organizations (PROSPERO protocol
CRD42019123932) using pre-specified combinations of ‘education intervention’, ‘mosquito
net’, and ‘malaria’ search terms. Data were abstracted for 29 of 43 studies meeting inclusion
criteria, of which 16 studies included education as amain focus. Of these 16, there was evidence
of intervention effectiveness among half of the studies, which reported improvements in
knowledge or practices, while four had mixed results, and four had unclear results. Overall
there is no clear conclusion regarding the effectiveness of education interventions to improve
net care and repair, though some instructional methods suggest more success than others.
Interventions used combinations of instructional methods; passive mass education (6), active
mass education (12), and interpersonal methods (8). Interventions combining mass and inter-
personal methods resulted in positive improvements (four positive, one mixed). We found no
evidence that interventions grounded in health behavior theory achieved more positive results
than those not grounded in theory, potentially because net care education was typically
asecondary objective. Of 289 gray literature results, 286 (99%) were net distribution reports
from Against Malaria Foundation describing 136 distributions; eighty of which (58.8%) men-
tioned no education related to net care and repair. We found lack of involvement of experts in
education among included interventions. Involving trained instructors with expertise in educa-
tion theory and instructional strategies may improve instruction quality to yield more effective
interventions.
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Introduction

The distribution of long lasting insecticide treated nets
(LLINs) is a key strategy for malaria prevention. In recent
decades, bed net technology has evolved along with
the recommendations for maintaining them. The first
generation of untreated nets offered physical protection
from mosquito bites and showed the ability to reduce
parasitemia [1] but required careful handling to avoid
rips and tears. The introduction of insecticide treated
bed nets (ITNs) led to greater reductions in malaria
morbidity and mortality [2,3] as a reduction in vector
populations was coupled with physical protection, par-
ticularly when deployed at high levels within commu-
nities [4–6]. Introducing ITNs required campaigns to
treat existing nets and distribute new nets that were
already impregnated with insecticide, which met chal-
lenges in reaching high levels of net treatment and
retreatment [7]. Care recommendations for older ITN
models care included (1) washing the net the day prior
to treatment/retreatment, (2) soaking the net in the
insecticide mixture, (3) gently wringing out the net, (4)

drying flat in the shade (5) washing gently, as seldom as
possible, (6) and regular retreatment [8].

The newestmodels of bednets are LLINs,whichdonot
require retreatment with insecticide. LLINs have an
intended effective life of 3–5 years. LLIN care recommen-
dations include (1) never to seldom washing, at most
once every 3 months (2) washing gently with mild soap,
(3) drying in the shade and avoiding exposure to direct
sunlight (4), tying or hanging the net up during the day
and (5) quickly repairing all holes [9]. Recommendations
for some OlysetTM brand nets include a regeneration
process by exposing washed nets to sunlight for 5–6
h in the original transparent vinyl packaging [10].

Bed net care and repair refers to the actions taken to
adhere to maintenance instructions, prevent damage,
and repair damage to nets [11]. Many studies describ-
ing net care and repair behaviors conclude that educa-
tion interventions or behavior change communication
(BCC) strategies should be implemented to improve
care and repair adherence [12–19]. Education interven-
tions are activities that include a form of messaging
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aimed at changing or improving knowledge and/or
behaviors. These include interventions such as BCC,
Information, Education, and Communication (IEC) cam-
paigns, and social marketing campaigns.

Changing health behaviors are a goal of many public
health initiatives, andmalaria education interventions are
no different. Health behavior theories guide understand-
ings of health behaviors. Previous studies have shown
that grounding behavior change interventions within
appropriate theory is essential for comprehensive and
effective campaigns [20,21]. A systematic review of health
behavior articles from 2000 to 2005 revealed that 35.7%
of the included studies mentioned theory [22]. For inter-
ventions to translate into evidence-based public health
practice, they must be described in appropriate detail for
comparability and replication [23]. Furthermore, educa-
tion interventions involve instruction as their core –meth-
ods to convey content to the target audience. Beyond
sound health behavior theory, interventions should
describe the specific instructional strategies employed
[24], as delivery of the educational events is highly impor-
tant to the intervention’s success.

While multiple studies suggest education interven-
tions should be used to improve adherence to bed net
care and repair recommendations, the evidence of
intervention effectiveness across differing contexts
remains unclear. Identifying the types of approaches
that lead to better adherence to net care and repair
recommendations will allow for more comprehensive
and effective education interventions.

Methods

We conducted a systematic literature review to evaluate
whether education interventions increase knowledge of
or adherence to recommended bed net care and repair
practices. Net durability or longevity was evaluated as
a potential secondary outcome. We searched for inter-
ventions targeting either ITNs or LLINs. Though ITNs are
no longer distributed, interventions focusing on ITNs
were included because many of the recommendations
for care of ITNs and LLINs overlap, and we were inter-
ested in change in knowledge or practices. Information
abstracted included the specific care and repair prac-
tices targeted and the degree to which interventions
applied educational and health behavior theories.

Search strategy

The protocol was registered through PROSPERO
International Prospective Register of Systematic Reviews
on 30 April 2019 (registration number CRD42019123932).
We worked with a medical librarian (DM) to identify
studies through a literature search using controlled voca-
bulary terms and key word combinations for ‘education
intervention’ terms, ‘mosquito net’ terms and malaria
(Table 1, Appendix 1) with no language restrictions.

Specific LLIN brands (Table 1) were included in the ‘mos-
quito net’ terms to capture titles that may only include
a brand name rather than a more general term. The
search was conducted on 13 February 2019 in MEDLINE
PubMed (1946–2019, 13 February), Embase (1947–2019,
13 February), Cochrane Controlled Register of Trials
CENTRAL (1966–2019, 13 February), Bibliomap (indexing
date not reported – 13 February 2019), ProQuest
Dissertations & Theses (1982–2019, 13 February), Trials
Register of Promoting Health Interventions TRoPHI (-
2004–2019, 13 February) and Clarivate Web of Science
Core Collection (1900–2019, 13 February) databases
(Table 2). Citations were imported into EndNote X8
(Thomas Reuters) for deduplication and management.

The searches identified 6,507 studies prior to removing
duplicates. Deduplication in EndNote X8 (Thomas
Reuters) resulted in 5,927 studies. Studies were reviewed
following the protocol set forth by the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines. Initial screening of titles
and abstracts was completed by two reviewers (ES, CS)
with a third reviewer (KE) assessing discrepancies, accord-
ing to the following study inclusion criteria: malaria edu-
cation intervention, communication campaign, or
behavior change campaign pertaining to bed net care
and repair practices for ITNs or LLINs. Studies published in
English, Spanish, and French were reviewed due to the
language abilities of the three reviewers. We managed
data in Google Sheets (Google, Mountain View, CA) with
individual reviewer columns hidden to other reviewers to
maintain a blinded screening process.

After initial screening, full-text articles for 446 studies
were retrieved and screened by two reviewers (ES, CS)

Table 1. Search terms adapted for use in database searches for
peer-reviewed studies.
Category Search Terms

Bed nets ‘mosquito nets’ [Mesh]
‘LLIN’
‘LLINs’
‘long lasting insecticide treated nets’
‘long lasting insecticide treated bednets’
‘long lasting insecticide treated bed nets’
‘long lasting insecticidal nets’
‘long-lasting insecticide-treated nets’
‘ITN’
‘ITNs’
‘Insecticide treated nets’
‘insecticide treated bednets’
‘insecticide treated bed nets’
‘Icon Life’
Yorkool
Olyset
Netprotect
Permanet

Malaria ‘Malaria’ [Mesh]
Malaria

Education interventions ‘health education’ [Mesh]
‘health behavior’ [Mesh]
‘intervention’
‘education intervention’
‘malaria education’
‘education campaign’
‘behavior change’
‘behaviour change’

PATHOGENS AND GLOBAL HEALTH 3



with a third reviewer (KE) assessing discrepancies through
the same blinded process as initial screening. Studies
were assessed according to the same inclusion criteria
as in the initial screening process with the application of
the following exclusion criteria (Figure 1): malaria inter-
vention that does not pertain to bed net care and repair,
education intervention not relevant to malaria, review
papers, conference abstracts, and commentary/opinion
pieces.

Gray literature was identified through relevant organi-
zations that support bed nets for malaria prevention
(Table 2). We developed the list of organizations to be
searched through Google searches including ‘malaria
organizations’, ‘malaria non-governmental organizations’,

and variations of ‘mosquito net distributions’ and ‘mos-
quito net donations’. Organizations were searched from
12 to 20 March 2019. We navigated all headings and links
within organizational websites to identify all records
related to malaria education and/or bed net care and
repair practices were retrieved and reviewed to be
summarized.

Data abstraction

The resulting 43 peer-reviewed studies were included
for data abstraction. We collected details of the study
location, population, years of intervention, and cate-
gory of malaria endemicity (endemic vs. epidemic
areas). Additionally, we abstracted data on the interven-
tion purpose and description, the care and repair prac-
tices targeted, the results from intervention and
comparison groups, the types and descriptions of edu-
cation activities, and the details of any health behavior
theories, education theories, and/or instructional strate-
gies described within the methods.

Quality assessment

Due to the variety of study designs including quanti-
tative and qualitative designs, a single existing quality
screening tool was not appropriate to assess the qual-
ity of the included studies in relation to the study
question. Therefore, we developed a 6-item quality
criteria tool (Table 3) and scored the studies that had
education interventions as a main component. Studies
received either 1 (contains the criteria item) or 0 (does
not contain the criteria item) points for each quality

Table 2. Databases and malaria organizations searched for
malaria education intervention records.
Peer-Reviewed Literature
Databases

Gray Literature: Malaria
Organizations

BiblioMap African Leaders Malaria Alliance
Cochrane Central Register of
Controlled Trials (CENTRAL)

Against Malaria Foundation

Embase Bill & Melinda Gates Foundation
ProQuest Dissertations and Theses
Global

The Global Fund

PubMed Imagine No Malaria
Trials Register of Promoting Health
Interventions (TRoPHI)

Kenya NGOs Alliance Against
Malaria

Web of Science Malaria Atlas Project
JSTOR Malaria Consortium

Malaria No More
Medicines for Malaria Venture
National Institute of Malaria
Research

Nothing But Nets
Roll Back Malaria
South African Malaria Initiative
United States Agency for
International Development

World Health Organization

Figure 1. PRISMA scheme of record selection and exclusion criteria.
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criteria, resulting in a potential score range between 0
and 6. Articles containing 1–2 criteria received 1 star,
those containing 3–4 received 2 stars, and those con-
taining 5–6 received 3 stars.

Results

Records were excluded through the screening process
because they were not malaria education interventions
(n = 206) or because they were education interven-
tions, but were not related to bed net care and repair
practices in any way (n = 87) (Figure 1). Others were
found to be conference abstracts (n = 7), commentary
pieces (n = 46), reviews (n = 29), or were excluded for
other reasons (n = 16). Of the 43 remaining articles, we
abstracted data from 29, excluding 14 in the process
because they lacked care or repair results (n = 6) or
because the education was too general, meaning we
found no evidence that education on net care and
repair practices was provided (n = 8).

After searching multiple malaria organizations
(Table 2) we identified 387 records pertaining to
malaria education (Figure 1) in the gray literature
search. We screened all of these records for eligibility
to be summarized, excluding 98 in the process. We
excluded records if they did not mention anything
about malaria health education or bed net care and
repair (n = 85) or if they were toolkits or guides, hence
not an activity that included education on care and
repair (n = 13). This resulted in 289 gray literature
records to be summarized (Figure 1).

Peer reviewed literature

Malaria education as a main focus

Key findings of education on net care and repair knowl-
edge and/or practices are described for each article in
Table 4. An education intervention was the main activity
of 16 (55.2%) of the 29 included peer-reviewed articles
(Table), and a relatively minor activity of the remaining 13
articles (44.8%). Of the 16 articles with education inter-
vention as a main activity, 12 were studies conducted in
sub-Saharan Africa, and the remaining four conducted in
Latin America, the Middle East, and Southeast Asia
(Table). Regarding the main outcomes measured in

Table 3, six studies focused on increasing ITN or LLIN
use [25–30], six focused on generally improving malaria
knowledge, attitudes, and/or practices [27,29–33], and
five focused more specifically on outcomes related to
net durability or care and repair [34–38]. Among the
care and repair practices addressed in the articles, nine
provided education of ITN treatment or retreatment with
insecticide [26,27,30–34,39,40], four educated about net
storage during the day [25,36–38], two about appropriate
soap types to use in washing nets [37,38], one about
recommended drying practices [37], and one about the
manner of washing nets gently [38] (Table 4).

We assessed whether studies were informed by or
utilized health behavior and/or instructional theories or
models (Table 5). Of the 16 articles that had health edu-
cation as amain activity, 10 were informed by, applied, or
built health behavior theories [25,26,31,33,35–40] while
six mentioned no grounding in theory (Table 4) [27–
30,32,34]. Of those mentioning theory, six were informed
by theory, two applied theory, and two built novel theory.
Based on the key bed net care and repair findings, we
determined whether there was evidence that the educa-
tion interventions led to improvements in care and repair
knowledge, practices, and/or net durability. There were
eight studies that reported overall improvements
[25,28,30,32,33,38–40], though it is important to note
that two articles reported on the same study [39,40].
There were four studies with mixed results [27,31,35,37],
and four in which it was unclear whether improvements
occurred [26,29,34,36]. There was no apparent pattern in
care and repair conclusions in regard to whether theory
was mentioned or how theory was used (Table 5). Of
those articles not grounded in theory (n = 6), 50%
reported positive care and repair outcomes, while five
(50%) of the articles grounded in theory (n = 10) reported
positive care and repair outcomes.

Table 6 describes the care and repair conclusions in
relation to the types of education strategies implemen-
ted. Mass education includes passive interventions
where no personal contact is made between those
implementing and the recipients of the education or
active interventions where there is personal contact
between education implementers and recipients.
There were six interventions that used passive mass
education, which included activities such as posters,
slogans, print and audiovisual media, pamphlets,

Table 3. Education intervention quality criteria tool in relation to the study question.
Quality Criteria 1 point 0 points

1 Was there a well-defined comparison group? Yes (1) No (0)
2 Was the comparison group selected appropriately? Yes (1) No or answer to

question 1 = 0 (0)
3 Was there an explicit link to appropriate health behavior theory? (An appropriate theory is one that targets the

appropriate level of audience of individual, community, children, or adults)
Yes (1) No (0)

4 Was there an adequate description of educational activities? Yes (1) No (0)
5 Were the educational activities equitable for diverse learners? (Equitable activities include the implementation

of multiple types of activities such as audio, visual, interpersonal, etc)
Yes (1) No (0)

6 Was there hypothesis testing of the differences between groups pertaining to net care knowledge and/or
practices?

Yes (1) No (0)
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t-shirts, radio programs, newspapers, maintenance
labels, and social marketing [26,30,33,35,37,38]. Active
mass education activities were conducted within 12
interventions and included dramas, music, poetry,
art, demonstrations, community events and work-
shops, lectures, small group flip-chart presentations,
and advocacy by community health workers
[25,26,30–35,37-40]. Interpersonal education involves
activities such as education through house-to-house
visits, establishing village bed net committees that talk
with community members, dialogs and conversations,
debates, training local health leaders, and individual
flip-chart education. Eight interventions used interper-
sonal methods [25,27,28,32,33,36–38]. Discerning
between mass and interpersonal education methods,
there were six interventions that used mass strategies
only, and three interventions that used interpersonal
strategies only (Table 6). Care and repair conclusions of
those six that used only mass education were two
positive, one negative, two unclear, and two mixed
results (Table 6). There was a positive, unclear, and
mixed result each from those three articles using
only interpersonal strategies. Stronger results were
observed from interventions that combined at least
one mass education strategy with interpersonal meth-
ods, where four interventions had positive care and
repair results and one had mixed results (Table 6).

Figure 2 depicts the care and repair outcomes
through the interaction between education type
(mass vs. interpersonal vs. both) and theory use. The
only clear pattern in outcomes exists among

interventions that used both mass and interpersonal
education methods, regardless of theory use. Of these
interventions, four reported positive results and one
reported mixed results. The intervention [32] that used
both education methods, but did not use theory,
reported positive net care and repair results. A variety
of results were found among articles that used a single
method of education and did or did not use theory
(Figure 2).

Quality assessment

Education intervention quality was assessed for the 16
articles that had health education as a main activity
(Table 4) using the rubric detailed above (Table 3,
Appendix F). We classified the education intervention
component of three articles as single star [27,29,34], of
which two had unclear results and one had mixed
results of bed net care and repair measurements.
Four articles had two stars for their education interven-
tion components [26,36,39,40]. Two of these articles
had unclear care and repair conclusions, while
improved knowledge was measured in the other two.
However, the two articles reporting improved knowl-
edge were describing the same study [39,40]. There
were nine articles that received three stars, six of which
reported improvements in care and repair knowledge
and/or practices [25,28,30,32,33,38], and three of
which reported mixed results of care and repair knowl-
edge or practices [31,35,37]. None of the one-star qual-
ity-rated education interventions, all of the two-star
interventions, and six of the three-star interventions
mentioned a theoretical framework.

Malaria education as a minor element

Of the 13 articles that contained an element of malaria
education, but for which education was not amain focus,
nine were studies conducted in sub-Saharan Africa, and
the remaining four in South and Southeast Asia and
South America (Table 5). The main outcomes studied
ranged from malaria indices [41–43], aspects of bed net
care and repair [10,44–47], program evaluation [43,48,49],
and bed net coverage and/or use [44,46,47,50,51].
The bed net care and repair practices addressed by
the articles in Table 4 include washing frequency
[10,41,42,46,47,50–52], ITN treatment and/or retreatment
with insecticide [42,44–46,48,49,52], net storage during
the day [42], bed net repair [10,42,44,52], appropriate
soap type [47], proper drying practices [47,51], and gen-
eral care messages [43,45]. Only one of the 13 articles in
Table 4 mentioned theoretical framework. Snow et al.
(1999) used social marketing strategies to increase net
ITN retreatment and found that house-to-house retreat-
ment schemes can be highly effective in increasing
retreatment, but that the delivery mechanism is more
important than social marketing [45]. Overall, five articles

Table 5. Care and repair conclusions in relation to theory use
of education interventions.

Care and repair conclusions

How theory was used Positive Negative Mixed Unclear

No theory [28,30,32] [27] [29,34]
Informed by theory [33,39,40] [35,37] [26]
Applied theory [31] [36]
Built or built upon theory [25,38]

Table 6. Care and repair conclusions in relation to education
methods ★ indicates quality score.

Mass education

[citation] ★
Care and repair
conclusions

Passive
mass

education

Active
mass

education
Interpersonal
education

[25] ★ ★ ★ Positive X X
[34] ★ Unclear X
[26] ★ ★ Unclear X X
[27] ★ Mixed X
[31] ★ ★ ★ Negative X
[35] ★ ★ ★ Mixed X X
[32] ★ ★ ★ Positive X X
[39,40] ★ ★ Positive X
[33] ★ ★ ★ Positive X X X
[28] ★ ★ ★ Positive X
[29] ★ Unclear
[30] ★ ★ ★ Positive X X
[36] ★ ★ Unclear X
[37] ★ ★ ★ Mixed X X X
[38] ★ ★ ★ Positive X X X
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reported improvements in bed net care and repair knowl-
edge and/or practices [42,47–49,52], three articles had
mixed results [44,45,51], four had unclear results
[41,43,46,50], and one reported negative results following
education efforts [10] (Table 5).

The number of bed net care and repair messages
varied between the 29 peer-reviewed studies. More than
half of interventions provided education on only one care
and repair recommendation (15 studies), four articles
educated on two recommendations, six articles on three
recommendations, and only three studies educated on
four or more recommendations (Tables 4 and 5).

Gray literature

Of the 289 gray literature records included for summar-
ization (Figure 1), 286 (99%) were from the Against
Malaria Foundation [53]. These records encompass 136
net distributions completed by various organizations
between 2006 and 2017 across 26 countries in sub-
Saharan Africa, five countries in South and Southeast
Asia, and three countries in Latin America. Each distribu-
tion included a pre-distribution report and at least one
distribution report detailing the plans and completed
actions of the distributions including education

components. We summarized the specific bed net care
and repair education messages reported through these
distribution reports (Figure 3). More than half (80, 58.8%)
of the distributions did not mention any aspects of bed
net care and repair, while 38 (27.9%) of the distributions
included messaging around general net care defined as
stating only ‘maintenance’ or ‘general care instructions’.
There were 26 (19.1%) of distributions addressing spe-
cific care and repair practices includingwashing (15.4%),
drying (6.6%), avoiding damage (2.2%), appropriate sto-
rage during the day (2.2%), repair (1.5%), and appropri-
ate soap types (0.7%) (Figure 3). These do not add to
100% because some reports included both general care
and at least one specific care practice.

The remaining three gray literature records included
were from Imagine No Malaria (one record) and Malaria
Consortium (two records). Imagine No Malaria did not
detail a particular education intervention, but rather
reported that the organization supports bed net distri-
butions by training community health workers to edu-
cate households on proper net use and care of nets
during bed net delivery and installation activities [54].

Malaria Consortium included two particular projects
that contained components of bed net care and repair
education. The Pioneer Project conducted from 2009 to

Figure 2. Care and repair conclusions in relation to education methods and theory use.

58.8

27.9

15.4

6.6

5.9

2.2

2.2

1.5

0.7

0 5 10 15 20 25 30 35 40 45 50 55 60 65

None

General care

Washing

Drying

Retreating

Avoiding damage

Storage during day

Repair

Soap type

Percent of distributions

Figure 3. Bed net care and repair messages reported among 136 against malaria foundation-funded bed net distributions.
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2014 in Uganda promoted the message to ‘Dry your net
under the shade after washing it’ though net care was
not a main focus of BCC activities [55]. Interviews and
focus groups discussions from The Malaria Prevention
and Control Project in Mozambique from 2011 to 2017
discussed exposure to net care and repair messaging
during a LLIN distribution 6 months prior [56].
Participants had high awareness that net care and repair
is important and good recall of messages to repair torn
or damaged nets, but the accurate recall of other care
recommendations was inconsistent [56]. Specifically,
respondents did not know appropriate net washing
locations (in the river vs. a washtub or bucket) or
whether nets should be dried in the shade or sun [56].

Discussion

Education interventions resulted in improvements in
bed net care and repair knowledge and/or practices in
less than half of all included peer-reviewed articles (n =
13, 44.8%) and in eight (50%) of the articles with an
education intervention as a main study component.
Interventions that received three stars in the quality
assessment included an appropriately selected com-
parison group, be grounded in theory, and use equi-
table instructional activities (Appendix 2). Evaluation of
education intervention effectiveness is discussed¸
including assessment of theoretical grounding, educa-
tion strategies and methods, and the implications on
net durability and longevity.

Theoretical grounding

Theory based health education interventions are con-
sidered more effective than non-theory based inter-
ventions [21] because they outline the rationale and
process for how the intervention will result in change
[57]. However, we found no differences in success
between interventions grounded in theory and those
that did not mention theory.

Interventions that were informed by or applied the-
ory achieved varied net care and repair results. Though
there were only two interventions that built or built
upon theory, both resulted in positive care and repair
outcomes. Building or building upon theory may be
the most successful way to implement education inter-
ventions because it requires detailed context-specific
knowledge of the target populations, as care and
repair practices are known to vary by community
[12]. However, a larger evidence base is needed to
determine how utilizing health behavior theory influ-
ences the success of education interventions aimed at
improving bed net care and repair practices. The wide
variety of theories utilized potentially obfuscates the
relationship between theory and intervention effec-
tiveness. No two articles used the same theory, which
is not surprising, given the large number of health

behavior theories available. As of the 1990s, 66 health
behavior theories and models were found among 536
articles to inform education intervention designs [58],
and more theories and models are continually devel-
oped for differing health contexts such as the net care
and repair conceptual framework [38] utilized by
Helinski et al [37].

Education

Comparison groups
It is difficult to synthesize the effectiveness of educa-
tion interventions on changing knowledge or beha-
viors among studies that do not adequately describe
the selection of appropriate comparison groups. In
particular, exposure misclassification may impact
observed intervention outcomes if comparison groups
are contaminated with intervention messaging.
Without clear descriptions of comparison groups, it
becomes difficult to judge if message contamination
influenced outcomes. Some studies attempt to mea-
sure contamination. Interventions that used passive
mass education methods surveyed respondents on
exposure to specific intervention slogans [37,38].
Additionally, some studies purposefully select control
or comparison groups to limit the possibility of con-
tamination. Amoran et al. randomly selected interven-
tion and control sites in geographically separated areas
[30]. Helinksi et al. chose culturally similar, but geogra-
phically separated sites where the populations spoke
different languages [37], and Koenker et al. chose
a control site that was culturally similar to the inter-
vention site, but that was outside of the range of
broadcasting services [38]. Further evidence of inter-
vention effectiveness could be obtained through
demonstrating temporality, dose-response relation-
ships between behavior change and exposure to edu-
cation activities, and methods to minimize effects of
non-randomization [59].

Descriptions of instructional strategies
Interventions receiving three stars in the quality assess-
ment detailed replicable descriptions of the instruc-
tional strategies that were implemented; however,
they still lacked a framework for the actual provision
of the instructional events. Health education interven-
tions are inherently multidisciplinary, often requiring
expertise in public and global health, health promo-
tion, and anthropology, yet they appear to lack invol-
vement of experts in education – those that
understand and apply learning theories and instruc-
tional frameworks. Of the articles with malaria educa-
tion as a main focus (Table 4), only three indicate
author affiliations with individuals outside of public
health, medical, and anthropology realms including
one author from a humanities department [31] and
authors from a center for communication programs
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[37,38]. In 2005, Kinzie linked health behavior theories
and instructional frameworks specifically to provide
instructional design strategies for health educators
[24], but this resource was not referenced by any of
the articles in Table 3. Though not related to net care
and repair, one intervention that aimed to improve
malaria knowledge among travelers explicitly utilized
learning theory to develop an educational game that
resulted in significant knowledge improvements [60].
More emphasis should be placed on the learning pro-
cess for differing audiences (whether across varied
geographical areas, different levels of learners, or dif-
fering cultural contexts) in designing and implement-
ing malaria education interventions, particularly
interventions that educate through interpersonal
communication.

Types of instructional strategies
Though not explicitly defined as such, the interven-
tions receiving three stars employed equitable educa-
tional activities, meaning activities accessible to
diverse learners. This follows a principle of universal
design for instruction which is often discussed among
post-secondary educators [61], but is applicable to all
instructional settings. Offering various ways of deliver-
ing educational content allows information to be
accessible to multiple types of learners [61]. In the
context of BCC campaigns, this means using various
messaging tactics including visual, auditory, and inter-
personal communication strategies to send a unified
message. For example, one intervention employed
only one mode of education (auditory messages dur-
ing sermons) [34] while other interventions combined
multiple instructional activities such as flipbooks, radio
messaging, posters, and drama performances
[25,26,28,30–33,35-38]. A review of malaria social and
behavior change communication campaigns con-
cluded that interventions using multiple activities,
increased the likelihood of resulting behavior change
[62]. Providing multiple types of educational activities
is particularly important in areas with disparities in
literacy rates. Written materials along with other visual
and auditory methods can ensure that populations
with varying literacy levels are exposed to the same
messaging in a way they can best learn.

Overall educational methods
Interventions reached target populations using mass
education, interpersonal education, or a combination
of the two. It is likely using a combination of mass and
interpersonal strategies is most effective, as all five
interventions using a combination reported positive
(four studies) or mixed (one study) care and repair
results [25,32,33,37,38]. There was no discernable pat-
tern of care and repair conclusions among interven-
tions that used only mass or interpersonal education

methods, however, these conclusions are tenuous due
to the small sample size of interventions.

Comparing care and repair results across interven-
tions is further complicated because implementation
of education exposure differs between passive mass,
active mass, and interpersonal education methods.
Passive mass education is the easiest to implement
consistently, while more variation dependent on the
individuals providing instruction is expected with
active mass and interpersonal education. Rhee et al.
implemented interpersonal education to increase the
proportion of retreated ITNs, but obtained mixed
results where more individuals who received educa-
tion retreated ITNs, but there was no difference
between intervention and control households in the
number that retreated nets [27]. A potential explana-
tion for weak results was found due to interaction in
retreatment outcomes depending on the field guide
who implemented the education even though all
guides received the same training [27]. Interventions
using individuals to provide instruction should have
ensure training in education theory and instructional
strategies to obtain the greatest possible effectiveness
and highest possible degree of consistency between
educators. For example, a school based education
intervention that improved ITN retreatment practices
in Ghana [33] specifically trained instructors in
Participatory Learning and Action (PLA), an evidence-
based facilitated approach that actively engages parti-
cipants in the targeted interventions [63].

Comprehensive versus single message education
There is a lack of comprehensive care and repair mes-
saging among both education interventions and bed
net distributions. Ten (63%) of the articles with malaria
education as a main component addressed only
a single care and repair practice, 3 (18.8%) educated
on 2–3 practices, and only three (18.8%) interventions
educated on four or more practices. Though four inter-
ventions focused on net storage during the day
(important for preventing holes and maintaining net
integrity), very few interventions provided education
on LLIN care behaviors most influential for maintaining
insecticide effectiveness (soap type and drying loca-
tion). Nine of the interventions in Table 4 focused on
ITN treatment or retreatment, which are practices no
longer relevant for LLINs. This lack of comprehensive
care messaging and lack of LLIN-specific interventions
make it very difficult to conclude that education inter-
ventions are effective in improving net care knowledge
and practices.

Additionally, very few of the included interventions
were solely focused on improving care and repair
knowledge and/or practices. Most interventions
were concerned with other outcomes such as improv-
ing net use, thus care and repair education was
a relatively minor priority. There was also a serious
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lack of specificity in net care education of distribu-
tions funded by the Against Malaria Foundation. In
fact, 86.7% of distribution reports described no care
and repair messaging or very general messaging
described on as ‘net care’ or ‘net maintenance’
(Figure 3). To achieve maximal improvements in net
longevity and durability, comprehensive education
interventions dedicated to improving care and repair
practices are needed, and net distribution campaigns
should ensure that care and repair messaging is con-
sistent and comprehensive. One such intervention
that focused on net care and repair knowledge and
practices incorporated comprehensive messaging
and resulted in improved care and repair knowledge,
practices, and net longevity [38], suggesting that edu-
cation interventions can lead to promising results,
though more evidence is needed.

Impacts on bed net durability and longevity

While education interventions led to marginal improve-
ments in knowledge and practices, there is little evi-
dence that these improvements improved net
durability and longevity, largely because only three
studies measured bed net durability as an outcome.
One found that education increased care and repair
knowledge and attitudes, but did not improve net dur-
ability [37] and one found that repair practices signifi-
cantly increased, but did not improve net condition
[35]. The other found that nets tied up while not in
use were more likely to be in serviceable condition at
follow up [38]. More education interventions of bed net
care and repair that measure net durability as an out-
come are needed. Future interventions should be con-
ducted through LLIN distributions before nets are used
to demonstrate an effect between bed net care and
repair education and improved net durability and long-
evity. Furthermore, more emphasis on net care educa-
tion should be placed on net distributions funded by
non-governmental organizations (NGOs) such as the
Against Malaria Foundation (AMF) to ensure all net
recipients are receiving complete and accurate net
care recommendations. When an organization wishes
to implement a net distribution funded by AMF, they
are required to provide plans for educational compo-
nents of the distribution [53]. However, this require-
ment is vague and does not specify particular content
that should be conveyed. This lack of specificity resulted
in no mention of any education plans or education
conducted regarding net care or repair in more than
half of the 136 completed distributions (Figure 3).

Limitations

The search terms ‘Plasmodium’ and ‘Anopheles’ were not
included in the search strategies, and thus could have
resulted in missed records. However, this is likely a minor

issue considering the volume of records assessed from
a wide variety of databases. Due to the variety of study
designs of the included interventions, the quality assess-
ment used was not a standardized or validated assess-
ment tool. Rather, it is a way to highlight important
elements of education interventions and should be eval-
uated as a description rather than a judgment. We trans-
parently reported the scoring of each included study so
that readers can evaluate our decision and make their
own judgments (Supplemental Table 1).

Conclusions and recommendations

It is difficult to make strong conclusions regarding the
efficacy of education interventions on improving net care
and repair knowledge, practices, or durability as most of
the included interventions educated on care and repair
as a secondary or minor objective. We did not find evi-
dence that interventions grounded in health behavior
theory achieved more positive results than those not
grounded in theory. Interventions that employed both
mass and interpersonal education showed promising
results that warrant further investigation.

For increased rigor and comparability of future edu-
cation interventions, we recommend the following:

(1) Because education interventions on care and
repair practices must be highly context-specific,
a focus on training instructors in pertinent educa-
tion theory and appropriate instructional strate-
gies may help improve education quality and
consistency to yield stronger results.

(2) Interventions should be planned, monitored,
evaluated, and reported using guidance put
forth by the RBM working group. There is
a wealth of material freely available including
standardized indicators, survey development
guidance, and checklists to ensure complete
reporting [57,64–65].
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