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Abstract
Behaviour change communication (BCC) remains a central component of the
interventions used in the fight against malaria in Ghana. However, there is
limited evidence of its effectiveness. This study evaluated the effects of BCC
strategies on knowledge (symptoms, causes and prevention) and overall
knowledge of malaria among Ghanaian women aged 15–49 years. The
propensity score matching (PSM) approach and logistic regression were used
to analyse data from the 2016 edition of the Malaria Indicator Survey (MIS).
Women who participated in community-level education or heard/saw media
messages on malaria, or both, had significantly more knowledge of the disease
than women who lacked access to any of these mediums of communication.
The effect of these strategies on women’s overall knowledge of malaria is
about 2% to 4% and is higher on their knowledge of the symptoms (3% to 6%)
and prevention (2% to 4%) than the causes (2%). The combined effects of both
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mediums of communication are relatively higher than the effect of either of
them as a single medium of communication. Further analysis showed that
improved knowledge of the disease is associated with higher preventive
measures taken by women for themselves and for their children. The results
are more significant in rural and poor households than in urban and non-poor
households. These findings underscore the need for the Ministry of Health
and its partner institutions to adopt an innovative approach which combines
the two strategies in intensively educating Ghanaians, and women in par-
ticular, on the symptoms and prevention of malaria, giving due cognisance to
households’ socioeconomic status and geographical location.

Keywords
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Introduction

Malaria remains a source of significant economic and social costs to societies in
Africa, despite efforts by governments, civil society organisations and non-
governmental organisations over the years to prevent and/or reduce the impacts
of the disease. Among the many interventions rolled out to contain the disease
are the distribution of insecticide-treated nets (ITNs), a shift from targeted ITNs
to universal coverage with long-lasting ITNs (LLINs), regular indoor residual
spraying, home management of malaria (HMM) and the implementation of the
Affordable Medicines Facility–malaria (AMFm) (Quakyi et al., 2017). The
World Health Organization (WHO) and its allied institutions are committed to
reducing malaria-induced morbidity and mortality by 90% by 2030 and
completely eradicating the disease by 2050. These ambitious objectives call for
strategies that will shape effective policymaking and proper application of the
various interventions (The Health Communication Capacity Collaborative
(HC3), 2017).

A key component of the various interventions used to fight malaria is be-
haviour change communication (BCC), which refers to the strategic use of
communications to encourage individuals and communities to adopt healthier and
more sustainable practices (WHO, 2019). In 2012, Roll BackMalaria Partnership
(RBM) introduced the Strategic Framework for Malaria Communication, which
outlined clear priorities for strengthening countries’ capacity, improving pro-
gramme strategies and sharing best practices of evidence-based communication to
enhance the control and/or eradication of malaria (Whittaker et al., 2014).
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BCC strategies are underpinned by behaviour change theories which help
us to understand people’s actions and why their behaviours change. The
application of the theories depends on the socioecological level in question:
(1) individual (health belief model, theory of planned behaviour and stages of
change [transtheoretical model]); (2) interpersonal (social learning theory);
and (3) community (diffusion of innovation theory) (Nabavi, 2012). While
each of these theories is relevant to an aspect of BCC, the one that is most
applicable to the present study is the social learning theory. This theory posits
that we learn from our interactions with others in a social context by observing
their behaviours and developing similar behaviours through assimilation and
imitation – particularly where our experiences are positive or there are rewards
attached to our observed behaviour (Nabavi, 2012).

The practical application of the social learning theory requires the learner to
observe and imitate the behaviour of others, see how positive behaviours are
modelled and practised, increase their capability and confidence to implement
new skills, and win support from their environment to implement those skills
(Le & Hancer, 2021). The central principle of the theory is that behaviour is
determined by environmental factors (social norms, access within the com-
munity and influence of others [ability to change own environment]), be-
havioural factors (skills, practice and self-efficiency) and cognitive or personal
factors (knowledge, expectation and attitude) (Zentall, 2022).

The social learning theory has also been the basis of many health inter-
ventions, including malaria prevention in Ghana. The Ministry of Health
(MOH), Ghana Health Service (GHS) and National Malaria Control Pro-
gramme (NMCP), together with their key stakeholders, introduced the Ghana
Malaria Strategic Plan (2008–2015) in 2007. A revised version was subse-
quently introduced covering the period 2010–2015. The strategic plan was
intended to guide the development, implementation and monitoring of the
BCC component of the malaria prevention and control process in the country .
It specifically set out to (1) define communication and behaviour change
objectives; (2) identify the key target groups, messages, channels and
communication interventions that focus on awareness creation, as well as the
key determinants of preventive and care-seeking behaviour that will expand
the use of proven prevention and control interventions (MOH, 2010).

The effectiveness of similar BCC interventions in other developing
countries, including Myanmar, Nigeria, Uganda, Tanzania, Cameroon and
Zambia, has been evaluated in various studies (Boulay et al., 2014; Helinski
et al., 2015; Nyunt et al., 2015; Zalisk et al., 2019). However, such studies
focused on one aspect of malaria at a time: symptom, causes or prevention.
While those particular studies found BCC interventions to be effective, other
studies suggested that simply increasing knowledge and awareness of a
phenomenon such as malaria does not necessarily translate into behaviour
change. Instead, behavioural and sociocultural factors (generally classified as
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social determinants) are relevant when determining behaviour change
(Lamstein et al., 2014; Nair et al., 2016). Koenker et al. (2014), in turn, argue
that although there is a rising number of studies examining the effectiveness of
malaria BCC, more high-quality data is needed, especially as transmission
dynamics change.

In the Ghanaian context, available data (see Figure 1)1 from the President’s
Malaria Initiative (PMI) (2022) suggest an improvement in malaria prevention
measures since the implementation of the BCC in 2008. There were en-
couraging trends, both in terms of ownership of and use of ITNs, between
2008 and 2019. Although the data used to compute Figure 1 were extracted
from different health surveys, the proportion of households with at least one
ITN for two people almost quadrupled while the share of the population with
access to ITNs more than doubled. Also, all the indicators of ITN utilisation
more than doubled.

Studies that have empirically assessed the effectiveness of BCC, either in
building knowledge of or preventing malaria in Ghana, remain patchy and are
in some cases limited to the community or local level (Quakyi et al., 2017;
Tweneboah-Koduah et al., 2012). In their evaluation of the effectiveness of the
AMFm activities on malaria among targeted groups in the Asante-AkimNorth
and South Districts of Ghana, Quakyi et al. (2017) observed that those who
had received the intervention were more knowledgeable about how to cor-
rectly administer the malaria drug to children under the age of five years than
those who had not been exposed to the intervention. A similar study by
Tweneboah-Koduah et al. (2012) on the effects of various ITNs among

Figure 1. Trends of ITN ownership and utilisation (2008–2019).
Source: Authors’ computation based on information from PMI (2022).
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pregnant women and children in Ghana showed that most of the interventions
had focused on ITN acquisition, not the integration of messages about malaria
prevention.

Owusu Adjah and Panayiotou (2014) used the 2008 Ghana Demographic
and Health Survey (GDHS) data to assess the effects of malaria-related
messages on ITN use for malaria prevention among children in Ghana.
The study revealed that individual messages conveyed by a health worker or
via a dedicated radio programme boosted the likelihood of one or more
children sleeping under a net, compared to the night before. Using the same
GDHS data to examine the relationship between household heads’ exposure to
media messages and ITN use among children under the age of five years, Apo
et al. (2015) arrived at a similar conclusion. They emphasised the need for
community-based educational campaigns involving health workers to work
towards the universal use of ITNs for children under the age of five years in
Ghana.

While these studies suggest that the BCC campaign in Ghana has been
successful, Tweneboah-Koduah et al. (2012) assert that entrenched socio-
cultural practices remain an obstacle to the effective application of the
knowledge acquired through such interventions. Other factors impacting the
effectiveness of the campaign are inadequate financial and human resources,
poor access to roads and extreme poverty. For instance, Tweneboah-Koduah
et al. (2012) cite instances in which pregnant women in some communities
kept their nets until their babies were born. In addition to these challenges,
most of the empirical studies on the BCC campaign have focused on how it
has impacted the use of ITNs to prevent malaria. There is limited evidence of
how the campaign has improved people’s knowledge of the disease.

The present study addressed this gap and the challenges associated with the
BCC campaign, with two main objectives: it assessed the effect of the me-
diums of communication on women’s knowledge of malaria in Ghana and it
analysed the effect of women’s acquired knowledge on the measures that they
take to protect themselves and their children against malaria.

Regarding the first objective, three research hypotheses were tested: (1)
women who participate in community-level education programmes on ma-
laria have statistically more significant knowledge of the disease than those
who do not participate in such education programmes; (2) women who are
exposed to media messages about malaria have statistically more significant
knowledge of the disease than those who are not exposed to such media
messages; and (3) women who are both exposed to media messages and
participate in community-level education programmes on malaria have sta-
tistically more knowledge of the disease than those who do not participate in
community-level education or are exposed to media messages.

Regarding the second objective, two research hypotheses were tested: (1)
women who have more knowledge of malaria are more likely to sleep under
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bed nets; (2) women who have more knowledge of malaria are also more
likely to ensure that their children under the age of five years sleep under bed
nets. Earlier studies have found some rural–urban and poor–non-poor dif-
ferences in access to health information and utilisation of health care services.
This suggests that the BCC campaign on malaria may be targeted at a par-
ticular segment of the population, such as the poor and rural residents, who are
predisposed to malaria (Mandal, 2022). To investigate the differences in the
effect of women’s exposure to the mediums of communication on their
knowledge of malaria and the likelihood of their taking preventive measures,
we disaggregated the analyses by households’ poverty status and geographical
location.

The approach used in this study to address the hypotheses and arrive at the
findings may be equally applicable to education campaigns relating to other
diseases, including tuberculosis and diabetes, which are among the top 10
causes of death in Ghana.

The method used to address the study objectives is discussed in the next
section, followed by a description of the data and sampling design. The results
and discussion are then presented. The final section concludes this paper with
some policy recommendations.

Conceptual Framework

In support of the objectives and hypotheses outlined in the Introduction,
Figure 2 presents the conceptual framework that links the mediums of

Figure 2. A framework of mediums of communication, knowledge and prevention of
malaria.
Source: Authors’ computation.
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communication to the knowledge and prevention of malaria. The figure shows
that a womanmay be exposed to the mediums of communication (community-
level education, media messages about malaria prevention, or both) or may
not be exposed to them.

Women’s exposure to any of the mediums of communication improves
their level of knowledge of malaria and eventually enables them to take
preventive measures for themselves and their family members against the
disease. However, knowledge of the disease and the tendency to take pre-
ventive measures may be higher among women who are exposed to both
mediums of communication than among women who are exposed to one or
the other. It is also possible that a woman who is exposed to one or more of the
mediums of communication may not take any preventive measures against the
disease.

The right side of the conceptual framework (Figure 2) shows that women
who may not be exposed to any of the mediums of communication may or
may not take preventive measures, depending on factors such as the tendency
to learn from others. Some of those women may still be influenced to take
preventive measures against malaria if they live in a close neighbourhood and
interact with women who take preventive measures against the disease due to
their exposure to mediums of communication.

It can be inferred from the figure that exposure to the mediums of com-
munication may have a positive spillover effect, which may translate into a
positive externality as far as episodes of malaria in the close neighbourhood
are concerned. The other side of the argument is that women who do not take
any preventive measures may create some form of negative externality vis-
à-vis the members of their communities. The externality may emanate from
the cost (money and time) that other members of the household incur in taking
care of these women who may be affected by malaria.

Methods and Data

Data and Sampling Design

This study relied on data from the 2016 Malaria Indicator Survey, which was
jointly conducted across the 10 administrative regions by the Government of
Ghana, the Ghana Statistical Service (GSS), the Ghana National Malaria
Control Programme, the National Public Health Reference Laboratory
(NPHRL) of the Ghana Health Service (GHS), and other international
agencies, including the United States Agency for International Development
(USAID) and the Global Fund. The sample frame used to identify the target
households was based on the 2010 Population and Housing Census, which
contains a complete list of all enumeration areas (EAs) in the 10 administrative
regions of the country. An enumeration area covers an average of 114
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households in rural areas and 185 households in urban areas (GSS et al.,
2017).

The sampling process in the survey comprised two stages. The first stage
involved the selection of EAs (93 in urban areas and 107 in rural areas), with
the probability proportional to the size of the EA. A household listing op-
eration was carried out in each EA from July to August 2016, and the list was
used as a sampling frame. The second stage involved the random selection of
30 households from each EA to make up a total sample size of 6,003
households (2,912 in urban areas and 3,091 in rural areas). Although 5,929
households were occupied at the time the fieldwork was conducted, 5,841
(2,876 in urban areas and 3,053 in rural areas) were successfully interviewed,
generating a response rate of 98.5%. The survey was conducted without
allowance being made for the replacement of the non-responding unit.
However, sample weights were generated for each unit to account for dif-
ferences in the response rate and the non-proportional allocation of the sample
across the 10 regions (GSS et al., 2017).

All the women participating in the survey were between the ages of 15 and
49 and resided in the household at the time of the survey. Non-permanent
residents of the selected household, such as visitors who stayed in the
household the night before the survey was conducted, were considered eli-
gible for interviews. In the 5,929 occupied households, 5,186 eligible women
were identified for interviews, but 5,150 were eventually interviewed,
translating into a response rate of 99.3%. Children in the household between
the ages of 6 months and 49 months were tested for anaemia and malaria
infection, with the consent of their parents/guardians.

The survey instrument was divided into three modules: the household
responses, the woman responses and the biomarker, with each module ad-
dressing different topics. The module on woman responses gathered their
basic sociodemographic information, reproductive history over the past five
years, preventive malaria treatment used for their most recent birth, knowl-
edge of malaria, and exposure to community-level education and media
messages about malaria, among other topics. For the estimation, the study
relied on the modules on household responses and woman responses. The
final samples used for the analysis varied across the models for knowledge of
malaria and preventive measures against the disease. The sample size of
respondents with knowledge of malaria and medium of communication in-
dicators was 3,235; however, the sample size of respondents who were ex-
posed to both community-level education and media messages about malaria
was 1,943.

As a result, the final sample (reported at the bottom of Tables 2 and 4,
respectively) for the regression estimates, in which the respondents had
exposure to media messages and participated in community-level education,
was 3,235. However, the sample for the model in which exposure to both

Orkoh and Efobi 1057



mediums of communication was the explanatory variable of interest was
1,943. The sample size for the model of malaria prevention measures for
women was 3,235, while the sample size for the model of malaria prevention
measures for children under the age of five years was 3,142. While these were
the sample sizes for the variables of interest, the covariates in each of the
models had varied observations, which reflected the differences in the sample
sizes reported in each of the results tables.

Instrumentation

We computed four dependent variables (indices) to assess the effect of
mediums of communication on knowledge of malaria in Ghana. These
variables were used to measure respondents’ knowledge of the symptoms,
causes and prevention of the disease, with a combined index measuring all
three subcomponents (overall knowledge). In respect of each subcomponent,
the Ghana Statistical Service asked respondents a set of questions which
constituted the basis for the computation of the index.

Respondents were asked 10 sets of binary-response questions (see Table 1)
relating to their knowledge of the symptoms of malaria. The responses to these
questions were recoded as ‘1’ (one) if a respondent provided the right answer
or ‘0’ (zero) otherwise. Similarly, respondents were asked to respond to a set
of 12 binary-response questions on their knowledge of the causes of malaria.
The final set of 13 binary-response questions covered respondents’ knowledge
of the prevention of malaria in the country.

Following earlier studies on the computation of the multidimensional index
(Alkire & Foster, 2011; Efobi & Orkoh, 2017), we assigned an equal weight of
1/10 to each of the 10 items on the symptoms of malaria. We followed the
same procedure by assigning an equal weight of 1/12 to the 12 binary-
response items on the causes of the disease and an equal weight of 1/13 to the
13 binary-response questions on knowledge of malaria prevention. Since the
overall index is made up of these three components (symptoms, causes and
prevention), we assigned a weight of 1/3 to each of the three components. The
product of this weight and the weights of the individual variables were
multiplied by the respective variables. The process followed to compute the
subcomponents of the index can be functionally expressed as equation (1).

θi ¼ π1χ1 þ π2χ2 þ…þ πkχk (1)

where θ is the subcomponent (symptoms, causes or prevention) of the
multidimensional index expressed as a function of the sum of the product of
each variable i and its weight π. Each variable was recoded to take the value of
1 (one) if a respondent was able to provide the right response to a question on
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it and zero (0) otherwise. The sum of the weights is represented asPk
i¼1πi ¼ 1. In other words, equation (1) can be simplified as equation (2).

θi ¼
Xk

i¼1
πiχ (2)

The final stage involved the summation of the product of the weights of
each subcomponent to arrive at the index of the overall knowledge of malaria,
which can be functionally expressed as equation (3).

Γα ¼ f1¡1 þ f2¡2 þ…þ fd¡d ¼
Xd

α¼1
fα¡ (3)

where Γ is the overall index of knowledge of malaria expressed as a function
of the sum of the product of each subcomponent ¡ and its weightf (1/3). Each
of these four indices which constitute the dependent variables ranges from 0

Table 1. Items and Weights Used to Compute the Indices.

Symptoms of malaria
(N = 3,235)

Causes of malaria
(N = 3,235)

Prevention of malaria
(N = 3,235)

Items
Weight
(1/3) Items

Weight
(1/3) Items

Weight
(1/3)

Feveract 1/10 Sweet 1/12 Use net 1/13
Diarrhoea 1/10 Sun 1/12 Use ITN 1/13
Dizziness 1/10 Contaminated

food
1/12 Use repellent 1/13

Loss of
appetite

1/10 Mosquito bite 1/12 Use mosquito
spray

1/13

Weakness 1/10 P-falciparum 1/12 Clear weeds 1/13
Cough 1/10 Hereditary 1/12 Clear stagnated

water
1/13

Chills 1/10 Surrounding 1/12 Clean
surroundings

1/13

Bitterness 1/10 Weedy
surrounding

1/12 Use mosquito
screen

1/13

Urine
colour

1/10 Stagnated water 1/12 Avoid outside 1/13

Eye colour 1/10 Eating oily food 1/12 Avoid cold food 1/13
Housefly 1/12 Avoid

contaminated
food

1/13

Hygiene 1/12 Hygiene 1/13
Clothes 1/13

Source: Authors’ computation based on data from MIC 2016.
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(no knowledge) to 1 (full knowledge). However, for ease of interpretation,
each index is multiplied by 100.

Unlike previous studies that have focused on one medium of communi-
cation at a time, this study computed three independent variables (women’s
participation in community-level education on malaria prevention and control,
women’s exposure to media messages on malaria, and women’s exposure to
both mediums of communication) which were used for the estimation of the
treatment effects. Each of these independent variables used the control group
as the reference factor level.

To assess the extent to which women’s knowledge of malaria influences the
preventive measures that they take for themselves and their children who are
under the age of five years, two dependent variables were considered. The first
dependent variable was binary, taking the value of 1 if the woman slept under a
bed net the night before the survey and 0 otherwise. The second variable was
equally binary, taking the value of 1 if the woman’s child under the age of five
years slept under a bed net the night before the survey and 0 otherwise. Table 2
provides a detailed description of each of the variables and their respective
summary statistics.

Estimation Technique

This study used the propensity score matching (PSM) approach to assess the
impact of BCC on respondents’ knowledge of malaria. Ideally, an assessment
of this nature requires a pure randomised control trial (RCT) which is mostly
designed to test a hypothesis under an optimal setting in the absence of
confounding factors (Saturni et al., 2014). However, the same objective can be
achieved using a quasi-experimental approach like the PSM for observational
data gathered through a survey (Boulay et al., 2014).

The quasi-experimental approach involves the identification of a com-
parison (control) group that is as similar as possible to the treatment group in
terms of baseline characteristics (White & Sabarwal, 2014). The comparison
group in this study were the women who were not exposed to any of the
mediums of communication. The difference in outcome between the treatment
and control groups can be attributed to the intervention. One advantage of
PSM is that it permits an adjustment for selection bias when assessing causal
effects in observational studies (Biondi-Zoccai et al., 2011).

The estimation process uses a treatment effect model where a dummy
variable indicating the treatment condition (‘1’ if a woman was exposed to any
of the mediums of BCC and ‘0’ otherwise) is directly included in the re-
gression equation. The outcome variables (index of symptoms, causes and
prevention and the aggregate index of knowledge of malaria) of the regression
equation are observed for both observations (0, 1) of the dummy (policy)
variables.
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Table 2. Summary Statistics of the Variables Include in the Models.

Variable Measurement Obs.(N) Mean SD Min Max

Community-level
education

A binary variable (1 if
respondent
participated in any
community-level
education; 0
otherwise)

3,157 .065 .246 0 1

Media message A binary variable (1 if
respondent has seen/
heard any malaria
messages on the
media in the past six
month; 0 otherwise)

3,157 .427 .495 0 1

Community-level
education and
media message

A binary variable (1 if
respondent has seen/
heard media message
and participated in
community-level
education on
prevention and
control of malaria; 0
otherwise

1,902 .078 .268 0 1

Level of education A categorical variable (1
None; 2 basic
education and 3
secondary plus)

3,157 1.172 .964 0 3

Ethnicity A categorical variable (1
Akan; 2 Ga-Dangme;
3 Ewe; 4 Guan; 5
Mole-Dagbani; 6
Grusi; 7 Gurma; 8
Mande; 9 Other)

3,157 3.618 2.378 1 9

Wealth quintile A categorical variable (1
poorest; 2 poorer; 3
middle; 4 richer; 5
richest)

3,157 2.515 1.424 1 5

Age A continuous variable
measuring the age of
the respondent as of
the time of the survey

3,157 30.251 6.827 15 49

Child’s age A continuous variable
measuring the age (in
month) of the child

3,034 28.193 17.261 0 59

(continued)
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Table 2. (continued)

Variable Measurement Obs.(N) Mean SD Min Max

Children under
age five

A continuous variable
measuring capturing
the number of
children under age
five in the household

3,235 1.875 1.053 0 6

Sex of child A binary variable which
takes the value 1 if
the child is female and
0 if the child is male

3,235 .488 .500 0 1

Region of
residence

A categorical variable (1
Western; 2 Central;
3 Greater Accra; 4
Volta; 5 Eastern; 6
Ashanti; 7 Brong
Ahafo; 8 Northern;
Upper East; 10 Upper
West)

3,157 5.767 2.752 1 10

Geographical
location

A binary variable (1 if
respondent lives in
urban area; 0
otherwise)

3,157 .382 .486 0 1

Symptoms of
malaria

A continuous variable
(index) ranging from
0 and 100

3,157 34.246 11.385 0 100

Causes of malaria A continuous variable
(index) ranging from
0 and 100

3,157 40.103 7.730 16.667 100

Malaria
prevention

A continuous variable
(index) ranging from
0 and 100

3,157 28.641 8.278 7.692 100

Overall
knowledge

A continuous variable
(index) ranging from
0 and 100

3,157 30.754 6.930 14 100

Mother slept
under bed net

A binary variable (1 if
respondent slept
under bed net during
night preceding the
survey; 0 otherwise)

3,235 .583 .493 0 1

Child slept under
bed net

A binary variable (1 if a
child under 5 slept
under bed net during
night preceding the
survey; 0 otherwise)

3,142 .624 .485 0 1

Source: Authors’ computation based on data from MIC 2016.
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The first step in computing the PSM involves the estimation of the pre-
dicted probabilities that a woman would be exposed to any of the three
mediums of communication using logistic regression

ProbðMed comi ¼ 1jXiÞ ¼ β0 þ β1Agei þ β2Edui þ β3Ethnici þ β4Poori
þ β5Urbani þ β6Rgeioni þ μi

(4)

In equation (4), Med comi represents the probability that a woman would be
exposed to any of the mediums of communication conditioned on a vector of
individual and household characteristics (age, level of education, ethnic af-
filiation, poverty status of the household, place of residence and regional
location of the household). The variables β0, and μi represent the constant term
and the error term. This study focused on three intervention variables of
interest (exposure to media messages on malaria, participation in community-
level education on malaria and exposure to both mediums of communication)
and the computed indicator for exposure to each of the variables. Each
variable was recoded to take the value of 1 if the response to the question was
Yes and 0 if the response was No.

The next step in the estimation process involves the application of three
algorithms (i.e. nearest-neighbour matching (NNM), kernel matching (KM)
and the radius-matching (RM) technique) to obtain robust matching estimates.
The statistical significance of the average treatment effects on the quantities
treated was tested using bootstrapped standard errors, which accounts for the
variation caused by the matching process. As presented in Table 1, the ob-
servable pre-treatment covariates used to identify similar individuals were
respondents’ level of education, age, ethnic affiliation, household wealth
status, geographical location, region of residence, radio and television.

The choice of the covariates was informed by two main conditions, as
discussed in the literature (Caliendo & Kopeinig, 2008; Rosenbaum, 2002).
The first condition is that only variables that simultaneously influence the
treatment status (exposure to BCC) and the outcome variables (knowledge of
malaria indicators) should be included in the model. The second condition is
that the variables included in the model should not be confounded. The
outcome variable(s) must be independent of the treatment conditional on the
propensity score (Angrist & Kuersteiner, 2011).

We estimated the average treatment effects by specifying knowledge of
malaria variables as functions of the three treatment variables (exposure to any
of the mediums of communication) in equations (5)–(7).

φi ¼ EfYi1 � Yi0jDi ¼ 1g (5)

¼ EfEfYi1 � Yi0jDi ¼ 1, pðXiÞgg (6)
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¼ EfEfYi1jDi ¼ 1,PðXiÞ � EfYi0jDi ¼ 0, pðXiÞgjDi ¼ 1g (7)

The subscript i represents a woman, φ is the average treatment effect, while D
is the binary variable which takes the value of 1 if the respondent was exposed
to any of the mediums of communication and 0 otherwise. The variable Y
represents the outcome variable (index of knowledge of malaria). The pro-
pensity scores, PðXiÞ, capture the probability that a respondent would be
exposed to any of the mediums of communication, given the covariates (X). To
validate the consistency of the results, we used three matching techniques, that
is, NNM, KM and RM.

The second objective of this study involved assessing the effect of im-
proved knowledge of malaria on preventive measures that women take for
themselves and their children under the age of five years. This objective was
addressed using logistic regression. The preventive measures (discussed in the
preceding subsection) are specified as functions of the individual and
household characteristics.

ProbðPrevi ¼ 1jMiÞ ¼ α0 þ α1Knowledge mali þ α2Agei þ α3Edui
þ α4Insurancei þ α5Poori þ α6Ethnici þ α7Urbani
þ α8Regioni þ ϵi

(8)

α1 > 0, α2 > 0 or < 0, α3 > 0, α4 > 0, α5 > 0, α6 > 0 or < 0, α7 > 0, α8 > 0 or < 0

The vector Previ represents the probability that a woman i would take pre-
ventive measures for herself and/or her child under the age of five years
condition on the vector Mi which represents the explanatory variables on the
right-hand side (knowledge of malaria indicators, age, level of education,
ownership of insurance, poverty status of household, ethnic affiliation, place
of residence or geographical location, and regional location of household). In
addition to these variables, the child’s model contains his/her age, sex and the
number of children under the age of five years in the household.

Consistent with the conceptual framework, it was expected that an im-
proved knowledge of malaria would translate into a higher probability that a
woman would take preventive measures for herself and her child under the age
of five years. The literature suggests that people’s adoption of preventive
health care behaviours is largely influenced by their perception of ageing and
the socioeconomic condition of the household (Levy &Myers, 2004). While a
strong perception of ageing is positively associated with preventive health
care, the relationship between a mother’s age and the likelihood of her
sleeping under bed nets is influenced by the affordability and availability of
the bed nets, the age of the child and the household’s sleeping arrangement.
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Mothers who do not sleep in the same room as their children under the age
of five years but who have limited access to bed nets are likely to sacrifice their
own health preventive measures for those of their children. Inversely, mothers
who live in households that have access to bed nets are more likely to use
them, even if they do not sleep in the same room as their children. In line with
the principle of altruistic parenting (Doepke & Zilibotti, 2017), it is expected
that age will be negatively associated with the likelihood that a mother would
sleep under a bed net but positively associated with the likelihood that the
mother would ensure that her child under the age of five years would sleep
under a bed net.

Education improves people’s health prevention behaviours (Asmah &
Orkoh, 2017). It is therefore expected that the mother’s level of education
will be positively associated with the likelihood that both she and her child
under the age of five years will sleep under a bed net. Ghana’s health insurance
scheme is linked to the concept of free maternal healthcare. Mothers who
attend prenatal and antenatal care receive ITNs from public agencies (agents),
non-governmental organisations (NGOs) and community-based agents
(CBAs), either freely or at a highly subsidised cost (Orkoh & Annim, 2017).
Nonetheless, an earlier study found evidence of ex-ante moral hazard as-
sociated with the health insurance scheme, especially when the level of effort
and costs required for prevention is high (Yilma et al., 2012). In this analysis, it
was expected that ownership of health insurance would be positively asso-
ciated with bed net utilisation because of the affordability of distribution.

Poverty is negatively associated with preventive health care. However, in
the Ghanaian context, the majority of households obtain free or highly
subsidised bed nets from health care centres and other government agencies
on the grounds of greater affordability, access and equity. In this regard, it was
expected that poverty would be positively associated with the use of bed net.
Social norms associated with ethnicity render the latter’s relationship with
preventive health care indeterminate. Some sociocultural practices do not
encourage the adoption of health preventive measures like the use of bed nets.
The relationship between ethnicity and bed net use was therefore indeter-
minate in this analysis.

Urban residents have access to information onmalaria control, but the BCC
policy targets rural residents and vulnerable households. On average, urban
residents can afford alternative malaria preventive measures apart from bed
nets. It was expected that urban residents would be negatively associated with
the use of bed nets. Like the place of residence, the relationship between
regional location of households and the use of bed nets is dependent on the
level of development of the region in question. In this analysis, the rela-
tionship between the region of residence and the use of bed nets was inde-
terminate. It is important to note that since this study focused on knowledge of
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malaria prevention, the estimates of these covariates were not presented in the
results and discussion section.

Results and Discussion

The discussion of the treatment effect estimates in this section is preceded by a
brief descriptive analysis of the four indicators of knowledge of malaria across
women’s exposure to the three mediums of communication. The distribution
of women’s exposure to the mediums of communication (see Figure 3) in-
dicates that 43% of them were exposed to media messages while only 6%
participated in community-level education on malaria. Similarly, only 8% of
women were exposed to both mediums of communication.

Regarding knowledge of malaria, Figure 4 shows that women who were
exposed to the mediums of communication were more knowledgeable than
women who were not exposed to any of the mediums of communication.
Knowledge of the causes, prevention and symptoms and overall knowledge of
the disease was about one, five and three percentage points higher among
women who participated in community-level education than among those
who did not participate in such education. As far as media messages were
concerned, the respective differences in knowledge of the disease were six,
three and three percentage points. Regarding both mediums of communi-
cation, the respective differences in knowledge of the disease were three, four
and three percentage points. These percentage point differences were reflected
in the overall knowledge of the diseases.

We validated these results by running an independent group t test to assess
whether women’s knowledge of malaria differed on the basis of their ex-
posure, or otherwise, to the mediums of communication. The results (see

Figure 3. Women’s exposure to the mediums of communication.
Source: Authors’ computation based on data from MIC 2016.
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Table 3) show that the differences in the means of knowledge of the symptoms
and prevention of malaria between women who were involved in community-
level education and those who were not exposed to such education are
significantly different from 0 (zero). However, the result pertaining to
knowledge of the causes of malaria is not significant. Similar significant
differences are observed in the means of knowledge of women who were
exposed to media messages and to both mediums of communication. There is
also a statistically significant difference in the means of knowledge of women
who were exposed to all three mediums of communication compared to those
who were not exposed to any of the mediums of communication.

The above brief descriptive analysis gives an idea of the potential effect of
the mediums of communication on women’s knowledge of malaria. However,
it does not provide enough information on the extent of the impact of the
intervention. This is discussed in the next subsection which presents the
treatment effect estimates.

Regarding the preventive measures (see Figure 5), 42% of the 3,235
women who responded to the question on the use of bed nets did not sleep
under mosquito nets during the night preceding the survey. Similarly, 38% of
the 3,142 women questioned on whether a child slept under a mosquito net,
indicated that the child had not slept under a mosquito net during the night
preceding the survey. These statistics underscore the need for more educa-
tional campaigns to scale up the use of ITNs and other malaria-prevention
measures in the country. As observed in the preceding paragraphs, low ex-
posure to mediums of communication and limited knowledge of malaria

Figure 4. Knowledge of malaria by mediums of communication.
Source: Authors’ computation based on data from MIC 2016.
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among women with low levels of education call for a retargeting of the BCC
campaign towards this segment of the population.

Results of the Propensity Score

We begin the discussion of the treatment effect estimates with a description
of the propensity score model which relates the covariates to the treatment
(exposure to media messages or participation in community-level education
on malaria). The results (see Table A1 in the Appendix) indicate that a
woman who had a higher level of education (secondary plus) was more
likely to be exposed to any of the three mediums of communication than a
women who had no education. Women in wealthy households were also
more likely to be exposed to the mediums of communication. As with
education, women in wealthy households were more likely to have access to
sources of information.

Aside from these factors, women’s exposure to any of the mediums of
communication was largely dependent on the geographical location of their
household. The estimates of geographical location (place of residence) in-
dicate that a woman who lived in an urban area was less likely to be exposed to
community-level education on malaria. This result is intuitive because
community-level education on malaria in most developing countries like
Ghana is predominantly a rural phenomenon. Those living in rural areas are
more prone to the disease and have limited access to health care (Iqbal et al.,
2016).

The analysis across the 10 regions of Ghana shows some heterogeneities
of exposure, depending on the regional location of the household and the

Figure 5. Use of bed net for malaria prevention among women and children.
Source: Authors’ computation based on data from MIC 2016.
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medium of communication. Compared to a woman in the Greater Accra
region, a woman in the Central, Brong-Ahafo, Upper East or Upper West
regions was more likely to participate in community-level education on
malaria. However, a woman in the Western, Volta, Eastern or Ashanti
region was less likely to be exposed to media messages on malaria. It can
further be observed that, compared to a woman in the Greater Accra region,
a woman in the Central, Brong-Ahafo, Upper East or Upper West was more
likely to be exposed to both mediums of communication. As evidenced by
the marginal effects, this finding is largely driven by the greater exposure of
women in these regions to community-level education than to media
messages.

Figures A1–A3 in the Appendix evaluate the quality of the propensities
matched for respondents who were exposed to a medium of communication
and those who were not exposed to any of the mediums of communication.
Figure A1 shows that all the covariates in the treatment group of the model for
participation in community-level education were balanced after the matching.
Thus, the observable individual and household characteristics used for cal-
culating the propensities are sufficient for matching those in the treatment
group (exposure to a medium of communication) and those in the control
group (no exposure to a medium of communication). However, in the media
message (see Figure A2 in the Appendix), only one of those in the treatment
group was off support after the matching. Regarding exposure to both me-
diums of communication (see Figure A3), all the covariates were balanced
after the matching.

Table 4 presents further checks of the matching quality by comparing the
differences between the two groups of respondents – those who were exposed
to the intervention and those who were not exposed to the intervention. The
overall covariance distribution (mean and median absolute bias) and the
model fit (pseudo R2 and LR-test) before and after the matching are reported
in Table 4. The results for the NNM, KM and RM suggest that the pre-
matching differences in the observable characteristics (e.g. mean absolute
biases) of the sampled individuals across the two groups were significantly
reduced after the matching.

Consistent with the distribution of the propensity scores in Figures A1–A3,
Table A2 in the Appendix shows that the observable individual and household
characteristics used for the matching between the two groups have insig-
nificant biases as far as participation in community-level education and ex-
posure to both mediums of communication are concerned. In contrast, in the
case of exposure to media messages, a couple of the categories of the
characteristics had significant biases, but these biases do not necessarily
discount the overall quality of the match.
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Treatment Effect Estimates

With the determinants of women’s exposure to the mediums of communi-
cation having been discussed above, this section discusses the treatment effect
estimates. Separate estimation models were specified for the symptoms,
causes, prevention and overall knowledge of the disease based on sub-sample
analyses of respondents’ exposure to community-level education, media
messages and a combination of the two mediums of communication. The
results (see Table 5) generally show that the combined effects of media
messages and participation in community-level education on malaria pre-
vention are relatively stronger than the effect of either of them as a single
medium of communication. The results further show that the effect of ex-
posure to media messages is more significant than the effect of participation in
community-level education on malaria prevention and control.

Consistent with the findings of previous studies (Apo et al., 2015; Owusu
Adjah & Panayiotou, 2014; Tweneboah-Koduah et al., 2012), the results show
that BCC is effective in improving the knowledge of respondents who are
exposed to the mediums of communication. On average, a woman who
participated in community-level education on malaria prevention and control
was approximately 4% more knowledgeable on the symptoms of the disease
than a woman who was not exposed to this medium of communication. The
effect of exposure to media messages is around 3%, while the effect of both
community-level education and media messages ranges from 6% to 7%.

Although the effect of women’s participation in community-level edu-
cation on their knowledge of the causes of malaria is insignificant, the effects
of exposure to media messages and both mediums of communication are
approximately 2% and 4%, respectively. With regard to the effect of exposure
to mediums of communication on knowledge of prevention of malaria, the
effects of participation in community-level education range from 3% to 4%,
while the effect of exposure to media messages is approximately 6%. The
combined effects of the two mediums of communication range from 10% to
11%.

The estimates of the effect of the three mediums of communication on
women’s overall knowledge (symptoms, causes and prevention) of malaria
reveal that, on average, a woman who participated in community-level ed-
ucation on prevention and control of the disease was about 2% to 6% more
knowledgeable than a woman who never participated in such education. In the
same vein, a woman who was exposed to media messages on malaria had
about 3% more overall knowledge of malaria (symptoms, causes and pre-
vention) than a woman who was not exposed to this medium of communi-
cation. The effect of both mediums of communication on women’s overall
knowledge of the disease is approximately 4%.
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We further disaggregated the results by geographical location and poverty
status of the household of the respondents to assess potential elements of
segmentation in the malaria campaign with a view to targeting a specific
population. The results (see Table 6) show that the extent of the effects and the
level of statistical significance are higher among rural residents that among
urban residents. In rural areas, a woman who participated in community-level
education on malaria was about 4% more knowledgeable on the symptoms of
the disease than a woman who did not participate.

The effects of exposure to media messages are statistically significant in
both rural and urban areas although the extent of the effect is marginally
higher among rural residents than among urban residents. A similar pattern
of a stronger effect is observed in terms of other knowledge of malaria
indicators. These results suggest that although rural residents may face
structural barriers such as limited media exposure, which makes it harder for
them to access health information and services (Chen et al., 2019), properly
targeted BCC campaigns can have a stronger impact on their health
outcomes.

Regarding the poverty status of the household (see Table 7), we found that
the magnitude of the effects and the level of statistical significance were higher
among respondents who lived in poor households than among those who lived
in non-poor households. The effect of the BCC on knowledge of symptoms of
malaria was higher than the effect on knowledge of prevention and causes of
the disease. It is evident from these results that the BCC campaign has a
statistically significant impact on the vulnerable segment of Ghana’s

Table 6. Treatment Effect by Household’s Location – Nearest Neighbour Matching
(NNM).

Dependent
Variables

Community-Level
Education Media Message Both Mediums

Rural Urban Rural Urban Rural Urban

Symptoms 3.897**
(1.880)

2.719
(2.313)

7.657***
(.945)

5.598***
(1.211)

8.804***
(2.739)

5.762*
(3.258)

Causes 2.851**
(1.404)

�1.655
(2.069)

3.758***
(.739)

.116
(.971)

4.106**
(1.727)

.740
(2.376)

Prevention 4.003***
(1.305)

4.216**
(1.859)

3.538***
(.836)

2.407**
(.956)

4.038**
(1.604)

3.613
(2.465)

Overall
knowledge

2.467***
(.792)

1.252
(1.049)

3.435***
(.468)

1.950***
(.541)

3.903***
(1.055)

2.378
(1.453)

Observations 1,860 1,235 2,000 1,235 1,213 525

Standard errors in parentheses; ***p < .01, **p < .05, *p < .1. Source: Authors’ computation based
on data from MIC 2016.
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population. The results also support the conclusion of an earlier study that
households’ economic conditions strongly influence knowledge of and efforts
to prevent and treat malaria (Clouston et al., 2015).

Knowledge of and Preventive Measures Against Malaria

Table 8 presents the logistic estimates of the association between women’s
knowledge of malaria and preventive measures that they take for themselves
and their children under the age of five years. The results reveal that the
prevention effect of knowledge of malaria among women is not limited to
them alone; it also extends to their children under the age of five years.
Controlling for other factors, a 1% increase in a woman’s knowledge of
malaria prevention is associated with about a 9.2% probability that she would
sleep under a bed net the night preceding the survey. The association between
overall knowledge of malaria and a woman’s likelihood to use a bed net is
about 1.5%, ceteris paribus.

Although we did not find a significant positive association between
women’s knowledge of the causes and prevention of malaria and the like-
lihood of their sleeping under a bed net, we found statistically significant
differences across geographical locations and households’ poverty status. The
results generally suggest that improved knowledge of malaria has a statis-
tically higher effect among women who live in rural areas and poor

Table 7. Treatment Effect by Household’s Poverty Status – Nearest Neighbour
Matching (NNM).

Variable

Community-Level
Education Media Message Both Mediums

Non-
Poor Poor Non-Poor Poor

Non-
Poor Poor

Symptoms 2.107
(2.098)

4.854**
(1.968)

4.099***
(1.058)

8.566***
(1.005)

6.277**
(2.903)

11.775***
(2.496)

Causes .900
(1.908)

2.590*
(1.392)

.088
(.826)

5.349***
(.689)

1.283
(2.234)

5.986***
(1.792)

Prevention 2.886
(2.026)

5.270***
(1.390)

.931
(1.002)

4.291***
(.745)

2.887
(2.445)

6.909***
(1.697)

Overall 1.007
(.945)

2.918***
(.838)

1.194**
(.508)

4.177***
(.457)

1.842
(1.197)

5.683***
(1.000)

Observations 1,458 1,628 1,458 1,777 683 1,047

Standard errors in parentheses; ***p < .01, **p < .05, *p < .1. Source: Authors’ computation based
on data from MIC 2016.
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households than among women who live in urban areas and non-poor
households.

Regarding the results for the child, a 1% increase in the mother’s
knowledge of the symptoms of malaria is associated with an approximately
11% increase in the likelihood of her child under the age of five years sleeping
under a bed net, ceteris paribus. The extent of association between a woman’s
overall knowledge of malaria and the likelihood of her child sleeping under a
bed net is about 2%. We further found that the association between a woman’s
knowledge of malaria and the likelihood of her child sleeping under a bed net
is more significant in poor and rural households than in non-poor and urban
households. With reference to the literature, these results corroborate the
conclusion of earlier studies (Boulay et al., 2014; Mandal, 2022; Nyunt et al.,
2015; Zalisk et al., 2019) that BCC messages are effective in inducing people
to take malaria prevention measures.

Conclusion

Intensive BCC is critical to the efforts of global bodies such as the WHO and
its allied institutions to achieve the ambitious objective of eradicating
malaria by 2050. However, effective and well-targeted strategies designed to
achieve this objective require data and the continuous evaluation of the
various BCC policies that have already been rolled out in many developing
countries. This study contributes to this effort from a Ghanaian perspective
by assessing how women’s exposure to the three mediums of communi-
cation (media messages on malaria, participation in community-level ed-
ucation on malaria prevention and control, and exposure to both mediums)
affect their knowledge (symptoms, causes and prevention) and overall
knowledge of the disease.

The descriptive analysis revealed that knowledge of malaria is higher
among women who live in poor and rural households. We further found that
the socioeconomic factors that significantly determine women’s exposure to
either of the mediums of communication include their level of education, their
household’s poverty status and geographical location, and their ethnic af-
filiations. The treatment effect analysis revealed that women who participated
in community-level education, heard/saw media messages on malaria or were
exposed to both mediums of communication have significantly higher
knowledge of malaria than women who had no access to any of the mediums.
The impacts of these strategies on women’s knowledge of the symptoms and
prevention of the disease were more significant than their knowledge of the
causes thereof. The combined effects of exposure to media messages and
participation in community-level education on malaria prevention were rel-
atively higher than the impact of either of them as a single medium of
communication.
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The analysis further revealed that an improvement in women’s knowl-
edge is significantly associated with malaria prevention measures that they
take for themselves and their children under the age of five years. However,
the extent of association is statistically higher for knowledge of symptoms
and prevention than of causes. The effect is statistically more significant
among women living in rural and poor households than among women
living in urban and non-poor households. These results suggest that the
MOH, the GHS and their partner institutions should adopt an innovative
approach which combines the two strategies in intensively educating
Ghanaians, and women in particular, on the causes of the disease. Such
approaches should take into consideration households’ socioeconomic status
and geographical location.

While the findings of this study provide compelling evidence of the ef-
fectiveness of the BCC campaign, particularly among those segments of the
population that are more vulnerable to malaria, there is a need for more high-
quality data, especially as transmission dynamics change. The cross-sectional
nature of the data used in this analysis did not permit us to address this gap
which has been highlighted in the literature. Future studies could make a
considerable further contribution to the literature by attempting to address this
gap.

Appendix

Figure A1. Distribution of the propensity scores – community-level education.
Source: Authors’ computation based on data from MIC 2016.
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Figure A2. Distribution of the propensity scores –media message. Source: Authors’
computation based on data from MIC 2016.

Figure A3. Distribution of the propensity scores – both mediums of communication.
Source: Authors’ computation based on data from MIC 2016.
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Table A1. Correlates of Exposure to the Mediums of Communication.

Variables
Community-Level

Education Media Message Both Mediums

Basic education (Ref: No
education)

.003 (.011) .037 (.025) .004 (.014)

Secondary plus .029** (.012) .148*** (.024) .052*** (.017)
Age .001 (.001) .003** (.001) .001 (.001)
Household head (Ref:
Other)

.055*** (.018) .062** (.029) .061*** (.021)

Other relative .010 (.010) .069*** (.021) .036*** (.013)
Ethnicity – Akan (Ref:
Ewe)

�.064*** (.024) �.006 (.046) �.099** (.045)

Ethnicity – Ga-Dangme .017 (.030) �.068* (.037) �.047 (.041)
Ethnicity – Guan �.053** (.027) �.023 (.052) �.089** (.044)
Ethnicity – Mole-Dagbani �.038* (.021) �.122*** (.033) �.100*** (.032)
Ethnicity – Grusi �.019 (.026) �.174*** (.044) �.088** (.036)
Ethnicity – Gurma .013 (.033) �.112*** (.043) �.031 (.044)
Ethnicity – Mande .024 (.042) �.016 (.077) �.046 (.048)
Ethnicity – Other �.016 (.034) .001 (.052) �.037 (.058)
Poor household �.024** (.012) �.110*** (.022) �.041** (.017)
Urban household �.027** (.011) .036* (.020) �.012 (.015)
Western region �.015 (.013) �.247*** (.042) �.041* (.022)
Central region .042** (.019) .009 (.045) .065* (.034)
Volta region .008 (.016) �.278*** (.042) �.038* (.023)
Eastern region �.015 (.013) �.219*** (.041) �.040* (.022)
Ashanti region �.002 (.013) �.244*** (.039) �.029 (.022)
Brong–Ahafo region .031* (.018) �.152*** (.043) .015 (.027)
Northern region .016 (.019) �.206*** (.047) .026 (.036)
Upper East region .221*** (.052) .209*** (.044) .479*** (.073)
Upper West region .202*** (.053) .018 (.052) .268*** (.079)
Observations 3,235 3,235 1,943

Standard errors in parentheses; ***p < .01, **p < .05, *p < .1. Source: Authors’ computation based
on data from MIC 2016.
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