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Abstract

Background

Edible insects are a sustainable source of high-quality animal protein. Insect farming is gain-
ing interest globally, particularly in low-income countries, where it may provide substantial
nutritional and economic benefits. To enhance insect farming practices in Africa, new farm-
ing systems are being developed. However, knowledge on how to best promote uptake of
these systems is lacking. This study aims to fill this gap by investigating the effectiveness of
educational interventions in promoting insect farming for household consumption in Africa.

Method

The study is designed as a multi-site randomized controlled trial to evaluate the impacts of
agricultural training alone or in combination with nutrition education on the adoption of insect
farming in Ghana, Kenya and Uganda. In each of the three countries, ninety-nine villages
are randomly assigned to one of three arms: two intervention arms and a control arm with no
interventions. Focusing on production (P), the first intervention arm covers agricultural train-
ing on insect farming combined with provision of insect production starter kits. Focusing on
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both production and consumption (PC), the second intervention arm involves the same
intervention components as treatment P plus additional nutrition education. The impacts of
the interventions are measured by comparing baseline and endline data collected one year
apart. Primary outcomes are adoption of insect farming and consumption of the farmed
insects.

Discussion

Understanding the drivers and impacts of novel agricultural practices is crucial for transition-
ing to sustainable food systems. The current project is the first to investigate how educa-
tional interventions promote insect farming for household consumption in low-income
countries. The results will contribute evidence-based knowledge to support sustainable
development through insect farming in Africa.

Trial registration

The protocol is registered in the American Economic Association registry for randomized
control trials with registration number AEARCTR-0009996. Initial registration date: 02 Sep-
tember 2022, last updated 17 May 2023.

Introduction

The vast majority of agricultural production in Sub-Saharan Africa is dependent on rain, mak-
ing it highly vulnerable to the effects of climate change such as increasing frequency and sever-
ity of droughts [1]. This is expected to increase food insecurity and malnutrition [2]. At the
same time, rapid population growth in Africa is driving an increasing demand for nutritious
and healthy foods. Satisfying this demand in the face of climate change calls for a transition
towards more sustainable and resilient agricultural practices 3], which is key to safeguarding
livelihoods and improving food security and nutrition in the long term [4-7]. For smallhold-
ers, this transition involves finding and employing alternative low-cost farming approaches
that have minimal land, water and feed requirements [3, 5, 6].

Farming edible insects is an alternative livestock production system with multiple potential
benefits [5, 8, 9]. First, insect farming can assist nutrition improvement activities in food-inse-
cure areas, as insects are generally rich in high-quality animal protein and essential micronu-
trients [10]. Second, compared to other livestock production, insect farming is characterized
by lower greenhouse gas emissions. Additionally, it holds the potential to produce food that is
nutritionally equivalent to livestock while requiring less water, land, and other inputs. These
potentials make insect farming resilient to the anticipated effects of climate change [11, 12],
positioning it as a climate-smart agricultural practice [13]. Third, insect farming may support
rural livelihoods in Africa by creating employment opportunities and generating cash income
for households [14]. Despite these potential benefits, insects have mainly been harvested in the
wild and consumed seasonally or sporadically in traditional diets in many parts of the world
[15]. This practice of wild harvesting has led to overexploitation of insect specifies, and the
consumption of insects in traditional diets is declining globally, largely due to the influence of
westernized eating habits [16-18]. To address these challenges, insect farming has emerged as
a viable solution to promote insect consumption through sustainable production systems [5,
16]. Furthermore, the growing emphasis within the agricultural sector to meet the increasing
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demand for nutritious and environmentally sustainable foods has highlighted the potential of
insect farming as a novel approach to animal-based food production globally [4, 5, 8].

Compared to other agricultural production sectors, insect farming is relatively young and
most producers operate on a limited scale [14, 19]. Legislative barriers often impede growth of
this sector [20]. However, some progress has been made in improving legislative frameworks,
especially in Africa [9]. For instance, in Kenya and Uganda, insects are recognized as indige-
nous foods, and standards have been developed for their regulation [21, 22]. The development
and promotion of insect farming has so far had limited anchorage in research and innovation
[9]. However, stakeholders in private and public sectors are currently focusing on innovation
and knowledge transfer activities to develop farming systems including rearing facilities and
management practices suitable to various insect species [9, 23, 24]. This has led to the emer-
gence of several new insect farming systems around the world [5, 9, 14]. For instance, cricket
farming has been developed and successfully implemented in Thailand [24, 25]. Similar farm-
ing systems are currently being adopted and promoted in Africa to produce insects on small,
medium and large scales [5, 9, 26]. A recent country-level rapid survey conducted by the
World Bank reveals that insect farming is practiced in 10 out of the 13 surveyed countries in
Africa [5].

Several studies have explored various aspects of utilizing insects as human food, and their
findings have been compiled in review studies. These studies suggest that consumers in devel-
oping countries generally exhibit positive attitudes towards insects as a food source. Addition-
ally, the studies emphasize that insects are a valuable and safe source of essential nutrients,
which can be produced with minimal negative environmental impacts [10, 18, 27]. However,
little is known about the most effective approaches to promote insect farming, especially in an
African context. If the aim is to promote insect farming to support livelihoods and food provi-
sion in rural Africa, targeted interventions need to be identified and tested for their effective-
ness. The current study conducts a randomized control trial (RCT) in three Sub-Saharan
Africa (SSA) countries, namely Ghana, Kenya and Uganda, to investigate the effectiveness of
educational interventions in promoting small-scale insect farming and household consump-
tion. The focus on educational interventions was informed by previous studies indicating that
lack of knowledge and skills in relation to both insect farming practices and nutritional bene-
fits of consuming insects are the main causes of low uptake of insect farming for household
consumption [21, 28]. By providing new, evidence-based knowledge on the promotion of
small-scale insect farming and consumption in SSA, the study contributes to the advancement
of appropriate policies for realizing the full potential of insect farming for sustainable develop-
ment. Specifically, the study addresses several of the UN’s Sustainable Development Goals,
including improving livelihoods (SDG1), improving nutrition and health (SDG2), supporting
gender equality (SDGS5), creating job opportunities (SDG8), reducing environmental impacts
(SDG13), and promoting partnerships to achieve the different goals (SDG17) [5, 7].

Methods and materials
Study setting

The selection of Ghana, Kenya and Uganda for our study is justified as follows. First, con-
sumption of insects collected from the wild is a part of local food cultures in all the three coun-
tries, providing nutritional and economic benefits to the population [29]. People in these
countries are thus not completely new to the notion of eating insects. In addition, insect farm-
ing activities are emerging in the three countries driving innovation and sustainable develop-
ment [5, 9]. Second, the multisite intervention study across an east-west gradient enables
coverage of a variety of cultural contexts and agro-climatic conditions in SSA, enhancing the
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external validity and generalizability of our findings to other parts of SSA. Third, findings gen-
erated from this study can provide inputs for stakeholders involved in developing legislative
and regulatory frameworks for the use of insect as food in the three countries. Thus, the multi-
site approach can strengthen the institutional frameworks needed to establish sustainable edi-
ble insect value chains and food systems in Africa. Fourth, our study involves three different
insect species across the three countries, selected based on their likelihood of acceptability
within the local culture and the availability of insect farming systems tailored to their specific
life cycle and needs [23]. These species include Palm weevil larvae (Rhynchophorus phoenicis)
in Ghana, Crickets (Scapsipedus icipe, Acheta domesticus) in Kenya, and African edible bush
crickets (Ruspolia differens Serville) in Uganda [26, 30, 31]. The inclusion of diverse farming
systems allows us to comprehensively analyze approaches to promote the adoption of farming
practices and consumption of culturally appropriate insect species on a broader scale. The
study thus contributes to the development of a generic framework for describing impact path-
ways of small-scale insect farming in relation to improving nutrition, health and livelihoods.

Study design

The study involves a 1:1 cluster-RCT with two intervention arms. The first intervention arm
focuses on insect production. It includes agricultural training on insect farming and the provi-
sion of insect production starter kits (Treatment P). The second intervention arm is focused
on insect production plus insect-based food consumption. It has the same intervention com-
ponents as Treatment P plus an additional component focused on nutrition education and
insect cooking demonstrations (Treatment PC). A control arm with no interventions (Control)
serves as a comparison group for the treatments. The effectiveness of the interventions is evalu-
ated by comparing baseline and endline data collected one year apart.

Program theory

Based on the literature identifying the complex pathways linking agricultural interventions
and health and nutrition outcomes [32, 33], we develop a conceptual framework for the study
as shown in Fig 1. The conceptual framework presents the problems, the resources and activi-
ties to tackle the problems, and the resulting impacts. The agricultural training components
are expected to address the lack of knowledge about insect farming in rural communities and
affects the drivers associated with knowledge, perceived benefits and risks, technology access,
and willingness to adopt insect farming. The nutrition education and cooking demonstration
interventions are expected to address the lack of knowledge and awareness about the benefits
of insect consumption and the lack of insect-based food preparation skills. The interventions
affects all the drivers in Fig 1 except for technology access. The short-term impacts of the inter-
vention activities are likely to be improved knowledge of insect farming and cooking insect-
based foods, and the benefits of insect consumption, positive perception of insect farming and
consumption, decreased likelihood of experiencing food insecurity, and increased willingness
to adopt. These short-term impacts can lead to medium-term impacts consisting of increased
insect consumption, increased dietary diversity, insect production, and income generation.
The combined short- and medium-term impacts can result in long-term impacts, which are
part of the UN Sustainable Development Goals.

Study aims and objectives

The overall aim of the project is to generate evidence regarding the effectiveness of educational
interventions in promoting insect farming for household consumption in Africa. More specifi-
cally, the main objectives are:
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Fig 1. Conceptual framework showing pathways between the interventions and their outcomes.

https://doi.org/10.1371/journal.pone.0288870.9001

1. To evaluate the impacts of insect farming and nutrition education interventions on house-
hold adoption of insect farming and consumption of farmed insects.

2. To develop an evidence-based framework describing impact pathways from promoting
insect farming and consumption to outcomes related to insect production and consump-
tion, with a particular focus on potential long-term development outcomes related to nutri-
tion, health, and livelihoods.

Sample size

To calculate the sample size, we determine the minimum detectable effect size based on the
best available data in the literature regarding the effects of educational programs on adoption
of insect farming. In Ghana, Kenya and Uganda, insect farming remains relatively uncommon
compared to other types of farming activities. For instance, in a pilot study on cricket (Scapsi-
pedus icipe, Acheta domesticus) farming in Kenya, only 12% of the sampled farmers adopted
cricket farming [28]. We use this information to determine the minimum detectable effect size
in our power analysis. We assume a minimum detectable effect size of 0.25 for Kenya, as an
effect size of 0.12 would be too small to be detected given the available budget for the study. In
Ghana, 560 farmers were trained as part of a pilot project focusing on farming Palm Weevil
(Rhynchophorus phoenicis) production near their homes or gardens [34]. The same study
reported that 48% of the trained farmers were actively farming Palm Weevil after the training.
To avoid overestimation of the effect size, we consider a minimum detectable effect size of 0.25
for Ghana. In Uganda, pilot studies indicating the proportion of farmers involved in the farm-
ing of African bush crickets (Ruspolia differens Serville) were not found. Thus, we refer to
related studies on the adoption of climate-smart agriculture practices in Uganda. Accordingly,
we assume a minimum detectable effect size of 0.25 based on a previous study concerning cli-
mate-smart agricultural interventions [35].

Using the Optimal Design Software for multilevel and longitudinal research [36], the sam-
ple size is calculated based on a 0.8 power, 0.05 significance level and 0.06 intra-cluster
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Fig 2. Power versus number of clusters.

https://doi.org/10.1371/journal.pone.0288870.9002

correlation coefficient. Fig 2 shows that a total of 64 clusters (villages), each with 15 partici-
pants, are needed to obtain 80% of power for cluster randomized designs with two interven-
tion groups. The minimum sample size across each of the intervention and control arms thus
includes 32 villages in each country. To ensure that we detect the same effect size or smaller,
we increase the sample size to 33 villages for each of the intervention and control arms.

Based on our experience from previous farming and nutrition intervention studies in the
three countries, we expect an attrition rate of no more than 10%. Thus, the number of partici-
pants is increased by 10% to accommodate for attrition in our sample size calculation. To
reduce the attrition rate, the implementation team visits the participants frequently to address
any concerns related to the intervention. The implementation team also arrange alternative
meeting schedules in case the participant is unavailable during endline surveys. Any missing
values resulting from attrition are dropped from data analysis.

Recruitment and randomization

A multilevel sampling procedure is used to identify and select the villages and participants
included in the study (Fig 3). In terms of regions and districts, study sites are selected
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Control
33 villages

Random selection of participants

Fig 3. Flow diagram for the study.

15 households out of the 30 households

Intervention implementation & monitoring

Endline survey
Participant and community endline survey

Data analysis & impact assessment

https://doi.org/10.1371/journal.pone.0288870.9003

considering infrastructure accessibility and availability of rural areas with a large number of

villages. In addition, areas with traditional insect consumption are selected to facilitate the

adoption of insect farming. Previous studies on the adoption of new agricultural technologies
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and new food varieties suggested that previous consumption is an essential driver of adoption
[25, 28, 37, 38]. Once the study sites are identified in each country, eligible villages are selected
based on a range of inclusion and exclusion criteria. A village is eligible for the intervention if:

1. It has not been exposed to previous insect farming activities, including formal insect farm-
ing training

2. It has at ]east 60 households
3. Itis notlocated adjacent to another village previously exposed to insect farming

4. There are no active agricultural intervention in the village

In addition, selected villages should not share common boundaries to reduce the risk of
unintended spillover effects between treatment and control groups. Based on the above crite-
ria, a list of 200 eligible villages is generated in Excel per country. Using Excel’s function to
generate random numbers, 99 villages are randomly selected for the study in each country.

Households are selected and recruited based on a random walk door-to-door recruitment
procedure as it is impossible to find a pre-existing list of households. Depending on the num-
ber of households in a village, every second or third household is approached for recruitment
until a total number of 30 households in a village have been recruited to participate in a base-
line survey. To be eligible, residents of the household must:

1. Have children below five years of age, as nutrition interventions usually target these groups
of the population in Africa;

2. Live permanently at the same address;
3. Be able to participate in the agricultural training and nutrition education sessions;

4. Be able to perform insect farming and be able to provide the required space and housing for
insect farming; and

5. Seek information to solve problems with his/her own agricultural production

The fourth criterion is needed because household insect farming is typically carried out
indoors, either in a separate room or in a separate building close to the main house, to prevent
theft of materials and protect against predators [21, 26]. Additionally, the availability of suitable
space was identified to be one of the barriers to insect farming [28]. We assess farmers’ ability to
provide space by observing the type of construction material used in their houses, specifically by
determining whether the material consists of corrugated metal roofs and semi-permanent build-
ing materials. The fifth criterion is needed to acknowledge the fact that access to information
plays a crucial role in driving the adoption of new agricultural technology by enabling farmers to
understand potential risks and challenges, and take necessary precautions to minimize risk [39,
40]. Since insect farming represents a new farming system that may be perceived as a risky venture
by farmers [28], which, in turn, could deter adoption, we include only households that actively
seek information to solve problems with their own agricultural production. We measure farmers’
information-seeking behavior by asking them whether they seek information from sources such
as agricultural extension offices, community groups (such as women’s groups and farmer group),
churches/mosques, mass media, and the internet, when they face problems.

Once households are determined to be eligible, household heads are approached, and
informed consent is sought. After obtaining consent, they are invited to participate in the base-
line survey. Once the baseline surveys are completed and the relevant information is gathered,
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Table 1. Number of clusters and participants per country.

Study arm Clusters | Baseline survey Intervention with participant endline survey Community endline
survey
Villages | Participants® per Participants per Participants per Participants per arm (extra 10% Participants per village®
village village arm added)”

Treatment P | 33 30 15 495 545 15

Treatment 33 30 15 495 545 15

PC

Control 33 30 0 0 0 30

Note: * Participants are household represented by the head of the household.

® The number of participants per treatment arm was increased by 10% to account for attrition.

¢ The remaining 15 participants per village from the baseline survey who are not part of the intervention are included in the community endline survey. No
interventions are implemented in the control villages, therefore, all the 30 household are included in this survey.

https://doi.org/10.1371/journal.pone.0288870.t001

the 99 villages are randomly assigned to the intervention and control groups (see Fig 3) using
computer-generated random numbers. Out of the 30 household heads participating in the
baseline survey in each village in the two intervention arms, a simple random draw lottery is
used to select 15 household heads to participate in the intervention. The remaining 15 house-
hold heads that are not selected for intervention still participate in the community endline sur-
vey (see Table 1). The purpose of this survey is to assess whether and how the information
regarding insect farming and consumption has spread beyond the households included in the
intervention [37].

To ensure research integrity and methodological rigor, the village randomization process is
blinded to all individuals involved in the research and households residing in the 99 villages
prior to the intervention. A randomized sequence is generated in STATA [41] by a colleague
not involved in the research. The outcome of the randomization is only revealed to project
staff and households after the randomization process is completed. During the intervention,
blinding is not maintained, except in the control villages where households are unaware of the
intervention. Project staff members only visit control villages during the baseline and endline
surveys, and no visits are conducted during the intervention to prevent information leakage
and reduce potential biases that could arise from knowledge of the intervention in the control

group.

Intervention

To achieve the overall objective of the study, specific interventions focusing on agricultural
training and nutrition education is implemented in Treatment P and Treatment PC for a
period of 6 months. The components of these treatments are described in detail below.

Components of Treatment P. Agricultural training on insect farming. The agricultural
training has been designed to teach intervention participants about small-scale insect farming.
A training manual has been developed to ensure that the same information is transmitted to
all participants. The training is based on behavior change techniques and key messages in rela-
tion to successful insect farming [42]. It covers a range of topics relevant to promoting insect
farming for consumption. The topics are divided into six main elements, as shown in Table 2.
Extensive training is provided in all villages where the Treatment P is implemented. The 15
participating household heads per village are divided into two groups during training sessions
to ensure effective information dissemination to each participant and smooth feedback discus-
sions. The training is conducted within one day and is organized into several sessions, sched-
uled to follow the main elements outlined in Table 2.
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Table 2. Main elements of the agricultural training intervention.

Overall topic Specific information

1. Introduction * Welcome
« Elements of the training sessions
« Time schedule

2. Overview of insects as nutritious and healthy food « Insects as food for human consumption
« Benefits of insect farming

3. Ecology and Biology of insects « Insect life cycle
« Sex determination in insects
« Insect behavior

4. Starting an insect farm « Rearing house and site selection
« Rearing equipment

« Rearing container

« Cage arrangement

5. Management of an insect farm « Insect feeding and watering

» Knowing signs and timing of egg laying
« Preparing egg-laying substrate

« Egg collection, incubation and hatching
« Caring for pinhead

» Hygiene maintenance

» Pest and disease control

6. Harvesting and post-harvest handling « Harvesting methods
« Storage and transportation of insects
« Post-harvest insect processing methods

https://doi.org/10.1371/journal.pone.0288870.t002

The training activities begin with inviting the selected household heads to an information
meeting. Here, participants are briefed on the purpose and nature of the intervention, what
they can expect during the intervention, and what they are expected to do as participants. At
this point, participants are made formally part of the intervention and assigned an identifica-
tion number. Implementation teams are formed and receive training before commencing the
interventions. They are responsible for providing the agricultural training according to the
training manual. An implementation team consists of two persons assigned to half of the vil-
lages in each treatment arm and conducts the training on a rotating basis to avoid bias induced
by the implementation team.

For example, if Implementation Team 1 covers the first half of the villages in Treatment P,
Implementation Team 2 covers the first half in Treatment PC. Then, the team rotates, where
Implementation Team 1 covers the other half of the villages in Treatment PC while Implemen-
tation Team 2 covers the other half in Treatment P. The training is given in a rolling sequence,
i.e., the implementation team conducts training in one village at a time and continues until all
villages are covered. The same implementation team visits each participant at least once a
month to reinforce training messages and provide technical support for insect farming activi-
ties. These visits are important for participants as they give opportunities to raise questions
and for the implementation team to tailor messages according to the specific contexts of the
participant [43].

Distribution of production starter kits for insect farming. After the agricultural training, each
participating household head receives a starter kit for free for small-scale insect farming. While
the specific composition differs across the three countries due to differences in the types of
insects selected for farming, the starter kits generally consist of live insects or eggs, insect rear-
ing equipment and container, feed for insects, and a cleaning kit (see Table 3).

Each starter kit is expected to support 2-5 insect production cycles per participant with
each cycle yielding 3-5kg of insects. The estimated cost of the starter kits is between 50-60
USD, 100-120 USD, and 10-15 USD per starter kit in Kenya, Uganda and Ghana,
respectively.
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Table 3. Starter kits by country and insect species.

Country | Type of insect to be farmed Main components of starter kits

Ghana | Palm weevil larvae (Rhynchophorus | « Adult larvae
phoenicis) « Rearing container
« Rearing equipment including rubber band, round bins, scale,
stacker, shelves, aluminium mesh and rope
« Start-up feeding substrate and a cleaning kit

Kenya | Crickets (Scapsipedus icipe, Acheta | « A batch of eggs for hatching
domesticus) « Buckets
« Cricket rearing equipment including cotton wool, spray bottle,
egg hideouts, oviposition saucers, thermometer, and ant repellant
« Starter feed and water dispenser, and a cleaning kit

Uganda | African edible bush crickets « Parent stock
(Ruspolia differens Serville) « Rearing cages
« Rearing equipment, including egg-laying medium and egg
hatching containers
« Feed and water dispenser, and a cleaning kit

https://doi.org/10.1371/journal.pone.0288870.t003

The starter kits are distributed to participants on a rolling basis in each village immediately
after the agricultural training and nutrition education sessions are completed. The kits are
delivered directly to each household to ensure the participants receive them on time and get
individualized advice on how and where to set up insect production on their land. The type,
quantity and quality of starter kits are harmonized across participants to avoid a situation
where the nature of the starter kits influences the impact of the intervention.

Components of Treatment PC. Additional nutrition education component. In addition to
the intervention components in Treatment P, the Treatment PC includes the nutrition educa-
tion designed to provide participants with specific nutrition knowledge about insects as food.
This is expected to address the lack of information about the benefits of consuming insects,
which in turn is expected to increase demand. Research suggests that demand creation is
required for achieving high adoption rates of new food varieties [e.g. 37]. Nutrition education
goes beyond only explaining the nutritional benefits of insects. It also addresses the lack of
insect food preparation skills by providing demonstrations of how to prepare insect-based
food. Specifically, households participate in live sessions involving cooking demonstrations
and consumption of insect-based foods along with the provision of nutritional information. A
manual for the nutrition education sessions is developed so that all participants receive identi-
cal information. The manual covers the topics shown in Table 4. Insects are expected to be
consumed as whole cooked insects or they can be processed and blended with other conven-
tional foods [44]. Thus, the cooking and consumption demonstration is based on porridge
blended with insect flour, and whole cooked insects. The nutrition education component is
implemented in villages assigned to Treatment PC. It is conducted within one day, comprising
several sessions that cover the topics in Table 4. Households participating in the agricultural
training are invited to attend the nutrition education training. As our focus is on households
with children below five years of age, primary caregivers are specifically invited to participate,
especially in cases where the head of the household is not the primary caregiver of the children.
Similar to the agricultural training, implementation teams are formed and receive training to
provide the nutrition education on a rotating basis. The implementation teams also provide
refresher education when visiting participants in their households whenever necessary.

Intervention monitoring plan. In line with previous protocols for RCTs [e.g. 43], we fol-
low an intervention monitoring plan to record intervention activities and monitor outputs.

Intervention activity records. The intervention activity record involves tracking intervention
activities. These include a) attendance of each participating household at agricultural training
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Table 4. Main elements of the nutrition education intervention.

Overall topic Specific information

1. Introduction session » Welcome
« Time schedule
« Elements of the training sessions
« Aim and objective of training
« Nutrition as a right
« Importance of good nutrition to individuals, household and

community
2. Causes and consequences of nutritional « Causes of poor nutrition
deficiencies « Consequence of poor nutrition

« Effect of malnutrition to individuals

« Preventive measures of malnutrition

« Food groups and nutrition

« Function of each food group

« Breastfeeding

« Contribution of animal source food to diet
« How much to it (My plate)

3. Nutritional benefits of insects « Nutritional benefits of insect consumption
« Nutritional content of insects
« Nutritional benefits of insects for child development
« Food safety issues related to insects as human foods

4. Insect cooking demonstration and « Food processing
consumption « Insect food recipes
« Cooking steps

« Food tasting
https://doi.org/10.1371/journal.pone.0288870.t004

and nutrition education sessions; b) when and what topics were included in the sessions; c)
length of each session; d) when production starter kits were delivered to each participant; and
e) when implementation staff visits each participating household.

Output monitoring. Output monitoring involves a routine assessment of intervention out-
comes during implementation [43]. The implementation team visits households participating
in the interventions and conduct monitoring interviews and dialogue in each village.

Outcomes

Overview of outcome variables and measurements. Primary outcomes variables. The pri-
mary outcome variables indicating the impacts of the interventions are: 1) whether farmed
insects are consumed in the household, and 2) adoption of insect farming. The first primary
outcome variable is measured during the baseline and endline surveys using questionnaires
that inquire whether the participants cook and consume farmed insects. For participants, who
cook and consume the farmed insects, they are asked to indicate the frequency of consumption
within the last one year using a five-point scale ranging from 1-3 times per month to 1 or
more times per day. The second outcome variable is measured through direct observation to
determine whether the participant is still engaged in insect farming at the time the endline sur-
vey is conducted. Engaging in insect farming activities entails management of an insect farm,
as well as harvesting and postharvest practices, as described in Table 2.

Secondary outcome variables. The secondary outcome variables are: 1) Insect farming and
nutrition knowledge: is measured based on simple exam-like questions relating to the content
of the agricultural training and nutrition education. In the questions addressing the agricul-
tural training, participants are asked about their knowledge regarding starting an insect farm,
managing an insect farm, and harvesting insects, as well as postharvest handling practices. In
the questions addressing the nutrition education, participants are asked about their awareness
of the nutritional content of insects and their importance for human consumption, as well as
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the insect-based food products that can be prepared and consumed by humans. This way of
measuring knowledge enables us to effectively capture respondents’ ability to retain knowledge
and memorize specific aspects of the agricultural training and nutrition education as a result
of efforts made during and after the training. Our measurement of knowledge aligns with the
suggestion by Kondylis, Mueller [45], and the existing literature on the adoption of climate-
smart agricultural technologies in Africa [e.g. 37, 46, 47]; 2) Dietary diversity: is measured
through child dietary diversity and household dietary diversity scores [48, 49]. Both scores are
based on six food groups, including meat products, eggs, vegetables and fruits, starchy foods,
dairy products, and pulses, legumes and nuts. Participants are asked to report whether and
how often their children have consumed foods from each food group in the past seven days for
the child dietary diversity score, and in the past thirty days for the household dietary diversity
score; 3) Food insecurity perception: is measured based on the food insecurity experience scale
presented in Cafiero, Viviani [50]; and 4) Perceived benefits and attitudes: is measured based
on different questions focusing on peoples’ willingness to take risks in general, their risk atti-
tude towards insects farming, and their willingness to adopt insect farming as an agricultural
practice. The questions are developed based on relevant literature [e.g. 51-53]. Willingness to
take risks is specifically measured using a ten-point scale from 0 (unwilling to take risks) to 10
(fully prepared to take risks) [51]. The risk attitude towards insect farming and willingness to
adopt insect farming are measured using a five-point scale, ranging from strongly disagree to
strongly agree. Information on all the aforementioned secondary outcomes are collected dur-
ing both baseline and endline surveys.

Data collection

Data is collected through two rounds of household surveys in each village on a rolling basis.
As shown in Fig 3, the baseline survey is conducted in each village before villages are ran-
domly assigned to the intervention and the control groups. Second, the endline survey is con-
ducted after the end of the interventions to measure intervention impacts, which are
measured using selected outcome variables. The endline survey has two components: partici-
pant endline survey and community endline survey (Fig 3). The former is conducted with the
15 participants (household heads) who take part in the interventions (Treatment P or Treat-
ment PC) in each village. The latter is conducted with the remaining 15 household heads who
participated in the baseline surveys but were not selected to participate in the interventions.
Since no intervention is implemented in the control arm, all the 30 household heads who par-
ticipated in the baseline surveys are included in the community endline survey for the villages
allocated to this arm. Training is given to field data collectors (survey team) responsible for
baseline and endline surveys. They are trained on the content of questionnaires, question-ask-
ing techniques and cultural sensitivity [43]. Supervisors are responsible for quality control in
the field and addressing issues arising during data collection. Data collectors involved in base-
line surveys are blinded in such a way that they are instructed not to share any information in
the villages regarding the randomization of the villages into the intervention or control
group. This is important to ensure that their interactions and communication with the vil-
lages do not unintentionally disclose any information about the intervention that could influ-
ence its later implementation.

Data source and data collection method. The data sources and collection methods are
summarized in Table 4, developed and adapted based on Wendt, Sparling [43]. A question-
naire is developed to collect data during baseline and endline surveys. The baseline and endline
surveys are made similar across countries but modified slightly to reflect differences between
the local contexts. The endline survey follows the same structure as the baseline survey, except
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Table 5. Data source and data collection method.

Activity Data source Data collection device | Responsible team Population Frequency
Survey Baseline survey Smartphone Survey team Treatment and control Once per village
groups
Survey Endline survey Smartphone Survey team Treatment and control Once per village
groups
Monitoring | Intervention activity Smartphone Implementation Treatment groups only After every intervention activity
records team
Monitoring | Output monitoring Smartphone Implementation Treatment groups only Bi-monthly in each village on a rolling
team basis

Note: table adapted from Wendt, Sparling [43]

https://doi.org/10.1371/journal.pone.0288870.t005

that it will be redesigned to ensure that the participants’ experiences regarding insect farming
and consumption during the intervention are fully captured. The questionnaires have several
sections, including socioeconomic and demographic status, child and household dietary diver-
sity, insect farming and consumption knowledge, food insecurity perception, perceived bene-
fits and risk attitude, and willingness to adopt insect farming and consumption. In addition to
the baseline and endline surveys, data will be collected through intervention output monitor-
ing while the intervention is being conducted (see Table 5).

Data management. Redcap (https://www.project-redcap.org/) is used to manage all data
in the project. Data collection instruments are created using the same software, which allows
detection and prevention of common data collection errors. It also enables storage and compi-
lation of data as it comes in from the field. The research team and field supervisors are respon-
sible for regular data quality checks. Any events of data concerns are communicated with the
survey team and field supervisors for resolution. Access to data is restricted to principal inves-
tigators and the server where the data are stored is password protected to ensure
confidentiality.

Analysis plan

We focus on the intent-to-treat (ITT) effects. Some participants may not attend to the agricul-
tural training or nutrition education sessions despite being invited to the sessions. In the ITT
analysis, we estimate the effects of the interventions by including all participants irrespective of
whether they participated in the interventions or not. Our basic regression framework to esti-
mate the I'TT effect is:

Y, =B, + BT, + BT, +¢ (1)

Y; is the outcome variable for individual i, T} and T, are dummy variables which take the
value 1 depending on which intervention the household in a village was assigned, 0 other-
wise. The random error term is represented by £;. The impacts of the interventions are given
by B, and f,. Standard errors are clustered at the village level to account for within village
correlations. We conduct further analyses by extending Eq (1) to account for vectors of indi-
vidual characteristics and other control variables, baseline and endline data, and treatment
heterogeneity in terms of differences in the effects of the two interventions—Treatment P and
Treatment PC. We assess any spillover effects by interviewing households who did not partic-
ipate in the intervention. This assists in understanding whether and how the information
regarding insect farming and consumption spread beyond the targeted households in the
intervention [37].
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Activity

Time point

2020

2021 2022 2023 2024

Q1

Q2

Q3 Q4 Q1 Q2 |Q3 Q4 Q1 Q2 |Q3 Q4 QI |Q2 Q3 Q4 QI

Study design

Pilot test

Enrollment

Intervention

Monitoring

Evaluation

Fig 4. A tentative timeline for the intervention study.

https://doi.org/10.1371/journal.pone.0288870.9004

Ethical approval and consent to participate

Ethical approval is obtained from the Jaramogi Oginga Odinga University of Science and
Technology, Ethics Review Office (Kenya) (approval number: ERC 24/8/21-18), University of
Natural Resources and Energy, School of Sciences, Committee for Human Research and Ethics
(Ghana) (“approved the protocol”), and Makerere University, College of Humanities and
Social Sciences, Research Ethics Committee (Uganda) (approval number: MAKSSREC
12.21.524). Written informed consent is obtained from all study participants.

Trial status

Participant recruitment has been completed, and the intervention is ongoing at the time of
submission. Follow-up data collection has not yet begun. The current protocol version is 2.0,
dated 17 May 2023.

Tentative study timeline

A tentative timeline for the intervention study is presented in Fig 4.

Discussion

Since the FAO (2013) publication [14], the notion of considering insects as food has received
increasing attention. Edible insects are often associated with higher nutritional value and
lower environmental impacts compared to many other animal-source proteins [10, 14, 18].
Insect farming is a means of producing “mini-livestock” without degrading the environment
[54, 55]. This study protocol presents the first RCT study to evaluate the effectiveness of educa-
tional interventions in promoting insect farming and household consumption in Africa.
Previous observational and cross-sectional studies have suggested that the main constraints
for insect farming in Africa is the lack of knowledge and skills [e.g. 21, 24]. While addressing
these constraints through educational interventions is emphasized, no studies have so far
investigated the causal impact of such interventions on insect farming using RCTs. In RCTs,
individuals are randomly assigned to intervention and control arms to avoid biases observed
in other study designs [56]. Specifically, RCT's ensure that any differences in intervention out-
comes are entirely attributed to the intervention as randomization is done independent of
observed and unobserved characteristics of individuals. Thus, the RCT enables us to provide a
reliable evaluation of the impact of educational interventions on the primary and secondary
outcomes. Given that our study is based on baseline and endline surveys accompanied by con-
tinuous intervention monitoring activities, it enables us to observe the changes resulting from
the intervention and understand the mechanisms through which these changes occur [43].
This will allow us to generate findings involving the impact of the intervention, as well as the
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underlying mechanisms behind these impacts, including intervention elements, implementa-
tion, and monitoring.

Several studies conducted agricultural interventions in Africa using similar methodological
approaches. For instance, Ogutu, Fongar [57] conducted an RCT in Kenya to evaluate the
impact of agricultural and nutrition trainings on the adoption of pro-nutrition technologies
such as bio-fortified crops. A related study by Blakstad, Mosha [49] investigated whether par-
ticipation in agricultural, and nutrition and health counselling improves dietary diversity and
quality through homestead food production in Tanzania. In Malawi, Kuchenbecker, Reinbott
[58] assessed the effectiveness of nutrition education on child dietary diversity. Like our study,
the three studies are based on cluster randomization, and they provide agricultural inputs to
intervention participants although cash payment is required in Ogutu, Fongar [57]. Unlike
ours and the first two studies, Kuchenbecker, Reinbott [58] used child anthropometric mea-
sures as outcome variables. The above studies discussed policy implications of their results,
suggesting the importance of agricultural training and nutrition education in supporting
nutrition improvement activities in Africa. The findings of our study are also useful for policy
makers concerned with insect farming for sustainable food production and livelihoods in
Africa. Our study is, thus, relevant and necessary in the context of insect farming in Africa,
where insects are often appreciated as food and a source of livelihoods for many rural
households.

Our focus on educational programs to promote the production and consumption of
insects in Africa aligns with suggestions in the literature regarding strategies for promoting
insects as a food source. As discussed in Maya, Sterling [59], education can play a key role in
increasing the supply of sustainable foods through insect production, particularly in regions
where insects are already considered a traditional food [5]. Additionally, this strategy can be
applied in areas, notably Western countries, where insects are often associated with disgust.
In such countries, education can help mitigate the perception of disgust and enhance willing-
ness-to-eat insects by increasing interest in insects as food and fostering positive experiences
regarding the idea of consuming insects [59, 60]. In addition to education, social influence
can play a significant role in promoting insects as food, as indicated by review studies [61—
63]. Social influence is also utilized as a strategy to increase the adoption of climate-smart
agricultural practices in developing countries [35, 64]. Our study design enables us to investi-
gate whether this factor plays a role in promoting insect farming and consumption. We ask
baseline survey participants, who were not selected for the intervention, about their aware-
ness and sources of information regarding insect farming and consumption. We also exam-
ine how this awareness influences their attitude and perception of insects as food, their
willingness to adopt insect farming, and whether they have established an insect farm or con-
sumed farmed insects.

The results of the study will be disseminated through various channels. Firstly, policy
briefs will be prepared and presented to relevant stakeholders, including policymakers, gov-
ernment agencies, and the private sector. These briefs will provide a concise summary of the
study’s findings and their implications for policy and decision-making. Secondly, we will
organize public meetings in the study areas to present the results and engage in discussions
regarding the importance of promoting insect farming for household consumption. Thirdly,
we will prepare scientific articles for presentation at international conferences and publica-
tion in peer-reviewed journals. This will allow us to share the results with the academic com-
munity and contribute to the existing body of knowledge. Lastly, we will utilize social media
platforms to share the results and reach diverse audiences with an interest in insects as food
worldwide.
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