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Introduction: The poor dietary habits and limited nutritional knowledge, 
particularly regarding indigenous vegetables and fruits (IVFs) among youth in 
southwest Nigeria, highlight the need for an integrated intervention approach. 
Integrating school-based gardening focused on IVFs with a nutrition education 
program delivered via WhatsApp combines experiential learning with digital 
tools.

Methods and analysis: This is a non-randomized, mixed-methods study involving 
youths between 15 and 35 years who will participate in gardening activities and/
or interactive nutrition education via WhatsApp. Participants will be  provided 
technical support on growing IVFs, while nutrition education messaging via 
WhatsApp will include texts, images, and videos on nutrition and healthy eating 
behavior. Data at baseline will be  collected on the study’s primary outcomes 
(awareness and interest in IVFs, household food security, nutritional knowledge and 
practices, fruits and vegetables intake, food safety self-efficacy, dietary diversity, 
anthropometric, and biomarker indicators). In contrast, data collection during the 
intervention and at post-intervention will include the study’s secondary outcomes 
(WhatsApp engagement, knowledge retention, and intervention acceptability). 
Mixed model regression and the Mann–Whitney U Test will be used to analyze the 
data collected. All analyses will be performed using IBM SPSS (version 23), and the 
statistical significance will be set at a p-value <0.05.

Discussion: The present study will focus on the acceptability and feasibility of 
gardening and incorporate nutrition education delivered through WhatsApp to 
address the improvements in food security, dietary diversity, and other nutrition-
related outcomes of youth in low-income countries. The expected outcomes 
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include enhanced nutrition knowledge, healthier dietary habits, and greater 
acceptance of indigenous gardening. The result will support the development 
of effective, culturally acceptable strategies to promote healthy eating behavior 
among youths and influence future school-based nutrition programs in similar 
settings.

KEYWORDS

youth nutrition, school-based gardening, WhatsApp-based nutrition education, 
indigenous vegetables and fruits, dietary behaviors, nutrition-related outcomes

1 Introduction

Youths, also known as “young adults,” are generally referred to 
as individuals in the developmental stage between childhood and 
adulthood (1). Globally, youths are a focus of public health and 
educational initiatives due to their potential for long-term impact 
on future health and well-being. Youths in Nigeria are all young 
people between the ages of 15 and 35 years (2). Nigeria has one of 
the largest youth populations in the world, with a median age of 
18.1 years, and about 70% of the population is under 30 years of 
age (3). Previous cross-sectional studies conducted among 
Nigerian youths reported low nutritional knowledge and 
inadequate dietary habits (4), and high intake of starchy foods, 
cereals, legumes, and sugar with a variance of 11.5% (5). 
Furthermore, a recent systematic review study conducted among 
Nigerian youths reported a low intake of fruits and vegetables (6). 
In addition, cross-sectional studies have shown poor fruit and 
vegetable consumption among Nigerian youth. For instance, 32.4% 
of participants consumed infrequent fruits and vegetables intake, 
while only 9.7% of Nigerian youth met the recommended daily 
intake of fruits and vegetables (4). Furthermore, food insecurity 
rates among this age group have been reported to range between 
15 and 48% (5, 7–10). The combination of these nutrition-related 
problems among this age group makes them an important target 
group for nutritional interventions.

The efficacy of nutrition interventions such as school-based 
feeding programs, community gardening, and nutrition education 
has been established in high-income countries (11). However, 
their efficacy among youths in low-middle-income countries such 
as Nigeria remains underexplored and less widely disseminated 
(12). Of these interventions, community gardening of IVFs 
presents a valuable opportunity to address food insecurity, 
promote diversity, preserve cultural food heritage, and improve 
dietary diversity and nutrition by providing locally available, 
nutrient-dense foods (13–16). Furthermore, the intervention may 
promote sustainability and local agriculture, reduce dependence 
on imported food, and deepen youth engagement with their local 
environment (17–19).

In recognizing the significance of indigenous food systems, 
the Task Force on Traditional and Indigenous Food Systems and 
Nutritional Sciences (IUNS) has emphasized the need for 
increased public awareness and further research into the benefits 
of IVFs (20). While many studies have highlighted low nutritional 
knowledge among youths and recommended an increase in IVF 
consumption and participation in vegetable gardening (21–24), 
most of these studies are cross-sectional, which prevents 
legitimate causal inferences and limits the prospects of studying 

the effectiveness of an intervention on nutrition outcomes in 
youth. This highlights the need for intervention research that 
promotes utilization and evaluates the effectiveness of IVFs on 
nutritional outcomes in youth. Moreover, previous studies have 
recommended implementing multiple interventions to improve 
nutrition and health outcomes (13, 25).

The integration of nutrition education in school-based IVFs 
gardening among youths holds promise for enhancing dietary 
habits and overall nutrition among the young population. Given 
the youth’s widespread use of mobile technology and its potential 
for delivering educational content, digital platforms could 
enhance these interventions. WhatsApp remains one of the easily 
accessible mobile phone messaging applications in Nigeria due to 
its broad usage among educators, community health workers, and 
students (26, 27). Various studies have proven that engaging 
youths in health education through WhatsApp is effective (28, 
29). While a few studies have explored text messaging platforms 
for delivering nutrition education among Nigerian youths (30), 
none have yet integrated a WhatsApp-based nutrition education 
component into school-based IVF gardening programs. 
WhatsApp is widely adopted and offers advantages over 
traditional/face-to-face nutrition education. This may be because 
the former permits the inclusion of multimedia such as images, 
videos, audio, and document files, making it a more versatile and 
engaging tool for communication and education (31–33). 
Exploring the integration of digital platforms with hands-on 
experiential learning could present an opportunity to improve 
youth nutrition, particularly in areas with limited access to 
traditional interventions (34). Hence, this study will utilize 
WhatsApp as a digital learning tool to achieve the purpose of this 
study and will thereafter measure its impact on the 
target audience.

Specifically, the study will assess the impact of a school-based 
gardening program and WhatsApp-based nutrition education 
interventions on primary outcomes such as youths’ nutrition 
knowledge, fruit and vegetable-specific self-efficacy, food security, 
dietary diversity, anthropometric data, and skin carotenoid level. 
In this study, school-based gardening refers to structured 
gardening activities conducted within a school setting involving 
in-school and out-of-school youths residing in the same 
community as the school. These activities will engage participants 
in cultivating and harvesting vegetables to enhance agricultural 
skills, nutrition awareness, and healthy eating habits. This 
intervention will be guided by the Cognitive Theory of Multimedia 
Learning (CTML), Social Cognitive Theory (SCT), and 
Empowerment Theory (ET), all of which are described in details 
in the method section below. Furthermore, the study will also 
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examine secondary outcomes such as the participants’ 
engagement, knowledge retention, and acceptability of 
the intervention.

2 Methods and analysis

2.1 Study aim

This study aims to assess the feasibility and effectiveness of the 
delivery of nutrition interventions through combined school-
based gardening of IVFs and WhatsApp nutrition education 
among the youth in Southwest Nigeria. Therefore, we hypothesize 
as follows:

Null Hypothesis: There is no difference in nutrition knowledge, 
fruit and vegetable self-efficacy, dietary habits, and biochemical data 
between youth who receive the combination of school-based 
gardening of IVFs, and WhatsApp nutrition education compared to 
those who receive only school-based gardening of indigenous fruits 
and vegetables.

Alternative Hypothesis: There is a significant difference in 
nutrition knowledge, fruit and vegetable self-efficacy, dietary habits, 
and biochemical data between youth who receive the combination 
of school-based gardening of IVFs and WhatsApp nutrition 

education compared to those who receive only school-based 
gardening of indigenous fruits and vegetables.

2.2 Overview and study design

This research design for the study is a non-randomized 
intervention study (quasi-experimental study design). A 
non-randomized study design was selected due to some feasibility 
constraints and logistical challenges. This includes challenges with 
schools meeting the inclusion criteria, such as the requirement for 
arable land, access to water facilities, and the presence of agricultural 
and nutrition teachers. Additionally, to align with policy priorities, 
ensure feasibility and sustained participation, sites will be selected in 
collaboration with state and local education authorities as well as 
community leaders, making random assignment impractical.

The study will be carried out in three Southwest Nigeria states which 
were selected from six states in the region: Ekiti, Osun, and Ogun. There 
will be two arms of intervention; one group will receive the school-based 
gardening of IVFs, and the second group will receive both school-based 
gardening of IVF and WhatsApp nutrition education. This means all 
participants will participate in the school-based gardening program of 
IVFs intervention. In addition, 50% (n = 130) of the participants will 
be selected for the nutrition education based on pre-selected criteria such 
as access to a web-supported phone and knowledge using social media 
like WhatsApp. Figure 1 summarizes the flow of activities in the study.

FIGURE 1

Study flowchart.
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2.2.1 Sampling technique and sampling size
Our target population consists of unemployed youths, with 

estimates ranging between 6.8 and 35% (35–38). Since this is a first of 
its kind study with no prior effect size for power calculation and 
known prevalence of IVFs consumption among the target population, 
a conservative sample size calculation approach was used (39). The 
sample size calculation applied the population proportion of 18.8% 
(the percentage of the unemployed Nigerian youth at 2020) in its 
estimate as shown below (35, 37). The sample size of 235 was 
calculated at a 95% confidence level and a margin error of 5% using 
an online calculator (40). Using a 10% expected dropout. The sample 
size is approximately 260 (130 per group). The formula used is 
shown below:

 

( )2

2
z p̂ ˆ1 p

n
ε

× −
=

Where:
n is the sample size
z score (1.96 for 95% confidence level)
ε is the margin of error (0.05)
p̂  is the population proportion (0.188)
Study participants will be selected using a multi-stage sampling 

technique, that will incorporate non-randomized, purposive sampling 
technique at the state, within the state, schools/community, and 
individual levels. The details below describe how the estimated sample 
size will be achieved with the sampling technique.

2.2.2 Participants recruitment
Youths aged 15–35 will be  identified from schools (in-school 

youths) and communities (out-of-school youths) in the selected states 
mentioned above. The selection of target states was based on purposive 
selection, considering their commonality in the IVFs of interest. The 
second stage will involve the selection of participants from each of the 
six selected communities (one from a rural and another from an 
urban local government area (LGA) in each of the selected states). 
LGA is an administrative division within a Nigeria that functions as 
the third tier of government, below the national and state levels. The 
target rural and urban LGA will be randomly selected from each state’s 
list of LGAs.

The selection of target schools will be facilitated in collaboration 
with the leadership of the State Ministry of Education, based on 
pre-selected criteria that can support onsite gardening activities. These 
criteria include having: a piece of land suitable for farming, access to 
water, and either a fenced perimeter or good security measures in 
place. After the school is identified, the researcher will collaborate 
with school administrators and teachers in the selected communities 
to recruit eligible in-school and out-of-school youths. Out-of-school 
youths will be  selected from the communities where the selected 
schools are situated to bridge the gap between the schools and the 
wider community, ensuring that the gardening projects are inclusive, 
sustainable, and community-driven. The summary of eligibility 
criteria for youth selection for the gardening intervention is 
highlighted as follows:

 i Be an in-school or out-school youth between 15 and 35 years.
 ii Located in the selected LGAs.

 iii Should remain enrolled in the selected school for another year 
while residing in the communities chosen as study sites for the 
in-school youth.

 iv Should reside in communities selected as study sites for another 
year for the out-of-school youths.

The exclusion criteria include:

 i Not an in or out-of-school youth located in the selected LGAs.
 ii Not within the age bracket (15–35 years).
 iii Does not have the willingness to participate in the study.

Youths that would be enrolled in the nutritional education arm of 
the intervention should:

 i Own or has a parent who owns an internet-enabled phone that 
can install the WhatsApp application.

 ii Have internet and social media literacy

The exclusion criteria for the nutrition education arm of the 
intervention are:

 i Does not own or have good access to the parent’s web-based 
phone that supports the installation of the 
WhatsApp application

 ii Does not have internet and social media literacy
 iii Not willing to participate in the intervention program

2.3 Theoretical basis

The Cognitive Theory of Multimedia Learning (CTML), Social 
Cognitive Theory (SCT), and Empowerment Theory (ET) will inform 
the intervention. CTML informs the development of effective 
multimedia messages engaging working memory through two 
learning channels-verbally and pictorially, enabling readers to 
construct mental links among visual and textual representations (41). 
Participants would be required to fuse the new information with the 
previous knowledge to create a mental representation for the 
information to be retained (41), activating both verbal and pictorial 
learning models for the participants will create a piece of integrated 
information in the working memory through active processing.

Given the focus on social cognitive outcomes such as nutrition 
knowledge and vegetable and fruit-specific self-efficacy in this study, 
the SCT will be utilized. This theory posits that human behavior 
results from the interactions between personal factors, environmental 
influences, and behavioral patterns. In addition to addressing 
personal and behavioral outcomes on SCT, this study will also 
consider relevant environmental factors identified in previous studies 
as barriers to the use of IVF innovations. These factors include 
inadequate funding, lack of access to inputs, institutional support, 
and community influences (42, 43). Also, the study will use ET, which 
is a social work theory that helps people gain control and autonomy 
in their lives (44, 45). Our study will include individual-empowered 
outcomes such as self-efficacy, skill building, access to resources, or 
resource mobilization skills. Others will include community 
involvement and institutional participation. Figure 2 summarizes the 
relationship between CMLT, SCT, and ET principles, highlighting 

https://doi.org/10.3389/fnut.2025.1539861
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Atoloye et al. 10.3389/fnut.2025.1539861

Frontiers in Nutrition 05 frontiersin.org

three key aspects: psychological, community, and social 
empowerment. This framework specifically focuses on the 
participants in Group 2, who were involved in climate-smart school-
based gardening and WhatsApp nutrition education.

2.3.1 Intervention plan
The school-based gardening component of the intervention, as 

illustrated in Figure 3, will kick off with a 2-day workshop among the 
targeted participants. This workshop will cover topics such as an 

FIGURE 2

Intervention framework for the WhatsApp nutrition education component of the study.

FIGURE 3

Intervention framework for the school gardening component of the study.
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introduction to IVF farming and seed production process, showcasing 
the best soil management practices, and nutrition and food safety 
education. The participants will also be introduced to digital tools in 
agriculture, particularly the use of virtual assistants to facilitate 
sustainable and efficient farming practices, streamlining workflows 
and revolutionizing how young farmers access expert-level advice 
virtually, at their convenience. They will also educate participants on 
agribusiness models for farming and farming-related commercial 
activities. After the workshop, the youths will be apportioned equal 
plots for farming on school farmland. Through the collaboration of 
the school authorities and communities, the out-of-school youths will 
also have plots to use on the school farmland. The participants will 
be provided with viable seeds and other farm equipment, such as 
drips, knapsacks, soil improvement materials etc. to facilitate their 
farming activities. This will give them the opportunity to utilize the 
knowledge of IVF farming learned during the workshop. The 
agricultural science teachers in the selected schools will supervise the 
new farmers’ work to support community ownership. Furthermore, 

participants will be provided with technical support to guide them on 
good soil health management using the climate-smart approach 
throughout the farming year. Technical support will be  provided 
through both physical and virtual approaches. At the initial stage of 
transplanting, the technical support will be provided weekly and then 
fortnightly till the vegetables are well established. Specifically, support 
will be provided physically to farmers in rural or semi-urban areas 
who have limited access to internet facilities and electricity, ensuring 
compliance. In contrast, urban participants will receive support 
through both physical and virtual means. Leveraging virtual support 
technology will help save costs and reduce risks associated with 
city traffic.

Participants selected for the WhatsApp nutrition education will 
be exposed to the nutrition education curriculum; Roots and Greens: A 
Youth Guide to Indigenous Foods and Nutrition (Roots and Greens 
Curriculum) for 10 weeks. The curriculum will educate them about the 
values and uses of indigenous vegetables and fruits. Table 1 describes 
the content of the Roots and Greens Curriculum. The nutrition education 

TABLE 1 Roots and Greens curriculum for a 10-week WhatsApp nutrition education.

Week Topics Objectives Activities Tasks

1. Introduction to healthy 

eating

Introduce the concept of 

healthy eating and familiarize 

students with indigenous 

vegetables and fruits (IVFs)

Introduction to healthy eating 

including an activity on creating a 

balanced meal plate using provided 

food options that feature IVFs

Participants will be asked to find a recipe that includes 

IVFs and share in the group chat

2. Introduction to IVFs Familiarize students with 

indigenous vegetables and 

fruits.

Identification of commonly known 

indigenous vegetables and fruits by 

difference in taste, availability, and 

perceived nutritional values.

Participants will be asked to cook with an indigenous 

vegetable at home, document the process with photos 

and a brief description, and share their experience in 

the group chat

3. Nutritional benefits of IVFs Deepen understanding of the 

nutritional benefits of IVFs

Discussion of food photos from 

week 2 task and introduction to the 

health benefits of IVFs

Participants will be asked to share one indigenous 

vegetable or fruit they ate this week and mention one 

health benefit they know about it and share same in 

group chat

4. Cultivation and harvesting 

of IVFs

Teach participants how to 

grow and harvest IVFs

Introduction to gardening and 

caring for the plants

Participants will be asked to keep a gardening journal 

and document the growth and care of their plants

5. Cultural significance and 

traditional uses of IVFs

Explore the cultural significance 

and traditional uses of IVFs

Cultural storytelling and guest 

speaker session

Participants will be asked to share family traditions or 

recipes that include IVFs in the group chat

6. Food safety practices Understand the importance of 

food safety and best practices

Introduction to food safety, 

identifying food safety hazards, and 

safe handling and preparation of 

IVFs

Participants will be asked to create a food safety 

checklist and share same in the group chat

7. Health benefits and disease 

prevention

Discuss the health benefits of 

consuming IVFs nd their role 

in disease prevention

Health benefits overview and role in 

disease prevention

Participants will be asked to share personal or family 

stories where diet changes particularly incorporating 

IVFs fruits have positively impacted health

8. Putting it all together: 

cooking and meal planning

Integrate knowledge to 

cooking and meal planning 

with indigenous foods

Cooking techniques, meal planning, 

and cooking activity

Participants will be asked to implement the meal plan 

and report back on any challenges

9. Indigenous foods and 

sustainability

Understand the role of 

indigenous foods in 

sustainable eating practices

Sustainability overview, interactive 

activity, and group project activity

Participants will be asked to implement a sustainable 

practice at home and report back any challenges

10. Review and celebration Review key concepts and 

celebrate achievements

Review quiz Participants will be asked to record (audio) of a 

reflection of their experience about Roots and Greens, 

include what they have learned and how they have 

applied it and share it on the group page
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intervention involves the use of documents guide, furnished relevant 
infographics, images, and short video clips. Videos are necessary to 
make learning interesting and concepts easy to comprehend, which has 
the propensity to save time reading large texts. The efficacy of video to 
enhance learning has been widely reported in extant literature (44, 45). 
This aspect of the intervention will apply interactive tools to create a 
supportive environment that educates and empowers youth towards 
sustainable diets, inclusive of IVFs, through quizzes, polls, and group 
discussions. Table 2 shows the timeline of the study activities according 
to the intervention stages.

2.4 Participants information and outcome 
of measures

Using surveys administered by trained enumerators, 
information about participants’ socio-demographics and the 
outcomes of measures includes knowledge of nutrition, dietary 
habits, food security, anthropometrics and biomarker indicators 
will be obtained at baseline and post-intervention. Acceptability 
of the intervention will be  included in the post-intervention 
survey. Information about their engagement, and knowledge 

TABLE 2 Study activities and outcome measures according to the stages.

Stage of intervention Recruitment Baseline Intervention period Post-intervention 
evaluation

Verbal consent for screening √

Eligibility screening √

Study invitation √

Participants consent √

Goal setting for the groups √

2-day workshop on gardening 

activities

√

Land apportioning for gardening 

activities

√

Provision of seeds and farm 

equipment

√

Supervision of gardening 

activities

√

Technical guide support for the 

gardening activities

√

Multimedia messaging for 

WhatsApp education 

intervention group

√

Tracking WhatsApp education 

participants’ engagement and 

knowledge retention

√

Participants’ socio-demographic 

characteristics

√ √

Participants’ awareness and 

interest in indigenous vegetables 

and fruits

√ √

Participants’ household food 

security

√ √

Participants’ nutrition 

knowledge and practices

√ √

Participants’ fruits and 

vegetables specific self-efficacy

√ √

Participants’ food safety self-

efficacy and practices

√ √

Participants’ dietary diversity √ √

Participants’ anthropometric 

measures and biomarker data 

collection

√ √
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retention intervention will be  tracked during the WhatsApp 
nutrition education delivery. Table 2 describes the study activities 
in details.

The validity and reliability of the tools used to measure study 
outcomes is described below. All adapted and newly developed tools 
described below will be assessed for internal consistency by calculating 
Cronbach’s Alpha to determine the correlation between items 
measuring each construct.

2.4.1 Primary outcomes

2.4.1.1 Awareness and interest in indigenous vegetables 
and fruits

Given the novelty of this outcome, we  developed a six-item 
questions that cover questions about participant’s awareness of IVFs, 
interest in IVF gardening, nutritional benefits, barriers to 
consumption, and their role in enhancing health and well-being were 
developed with input from agricultural experts for content validity. 
This measure will assess improvement in awareness and knowledge of 
IVFs resulting from their participation.

2.4.1.2 Household food security
The study population’s household food security will be measured 

by using Household Food Insecurity Access Scale (HFIAS). This tool 
was developed by the Food and Nutrition Technical Assistance 
Program of the US Agency for International Development has 
demonstrated validity and reliability in low- and middle-income 
countries (46). The HFIAS consists of nine occurrence questions 
targeted at the food access experience of the participants. Each question 
has 3 responses, namely, rarely (once in the past 4 weeks), sometimes 
(three to ten times in the past 4 weeks), and often (more than ten times 
in the past 4 weeks), with scores of 1, 2, and 3, respectively. The scores 
will be summed to a maximum of 27. The HFIAS will be considered as 
a continuous variable with higher scores indicating greater 
susceptibility to food insecurity (46).

2.4.1.3 Nutritional knowledge and practices
A four-item question, one about their knowledge of five-a-day 

recommendation and three about participants’ nutritional knowledge 
and practices on IVF will assess the change in nutritional knowledge 
and practices between pre- and post-intervention. These nutrition 
practice questions were adapted from the validated food behavior 
checklist (47).

2.4.1.4 Indigenous vegetables and fruits specific 
self-efficacy

A five-item question will assess the participants’ confidence in the 
selection, preparation, and consumption of IVFs. These questions 
were adapted from a previously validated 24-item self-efficacy 
consumption of fruit and vegetable (48), and food safety psychosocial 
questionnaire (49) to capture changes in self-efficacy related to the 
choice, preparation, and consumption of IVFs.

2.4.1.5 Food safety self-efficacy and practices
A six-item question on food safety self-efficacy was adapted from 

the food safety self-efficacy construct of a previously food safety 
psychosocial questionnaire that had demonstrated validity and 
internal consistency (49). The set of questions will measure the 

participants’ confidence in practicing safe methods of handling, 
storing, and preparing food. A descriptive statistics test will be used 
to determine the participants’ self-efficacy practice levels of food safety 
at the pre-and post-intervention.

2.4.1.6 Household dietary diversity
The household dietary diversity score (DDS) is a validated proxy 

measure that reflects a household’s economic ability to access a variety 
of foods (50). It has demonstrated good content and construct validity, 
and has been applied reliably across multiple cultural and socioeconomic 
contexts. It assessed household food access using a structured scoring 
system based on the consumption of various food groups by participants 
(51). The assessment shall be made on the food categories of cereals and 
grains: bread, rice, noodles, biscuits, millet, maize, etc., roots and tubers; 
eggs; fish and shellfish; legumes and nuts; dairy products, such as milk, 
cheese, yogurt; fats and oils; sugars and honey; and miscellaneous foods, 
including condiments, coffee, and tea. Scores shall be given as 1 point 
for every category taken and 0 for those not taken. In measuring the 
cumulative DDS, the food items across all food groups will be summed; 
hence, the maximum score possible will be 12. The higher the dietary 
diversity score, the higher the dietary diversity. A descriptive statistic of 
the dietary diversity of the participants, using the score threshold of 0–4 
for low dietary diversity, 5–8 for medium dietary diversity, and 9–12 for 
high dietary diversity scores will be used (10).

2.4.1.7 Anthropometric measurement and biomarker 
Indicator

Study participants will be  assessed on their height (m) and 
weight (kg) to determine their Body Mass Index (BMI). WHO 
Anthro software will be  used to assess the anthropometric 
measurement of participants between (15–18 years old) using the 
BMI for Age metric; the anthropometric measurement of participants 
between the age of 19 and 35 will be based on WHO standard of 
underweight if BMI is <18.5 kg/m2, normal or healthy weight if BMI 
is 18.5 kg/m2–24.9 kg/m2, overweight if BMI is 25–29.9 kg/m2, and 
obese if BMI ≥ 30.0 kg/m2 (52). The participants’ skin carotenoid 
levels will be assessed using the Veggie Meter to assess their fruits 
and vegetables intake (53).

2.4.2 Secondary outcomes

2.4.2.1 WhatsApp engagement
The study participants’ engagement will be  evaluated using 

WhatsApp metric indicators, such as the messages read counts, the 
number of messages replied to, the engagement ratio (this will 
be engagements requiring replies/responses or actions), the rate of 
tasks completed, responses to surveys and polls, and the participants’ 
comments and feedback during the discussion. These metrics are part 
of the standard metrics used to measure the efficacy of WhatsApp’s 
use for learning (54, 55). The WhatsApp engagement will be tracked 
and measured using a combination of manual monitoring and 
WhatsApp’s inbuilt metrics. Precisely, engagement will 
be measured using:

 (a) Message read receipts (“blue ticks”) to assess content reach
 (b) Task accomplishment rates, tracked using participants’ 

interactions (e.g., feedback, photo posting, voice messages) 
with tasks presented
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 (c) Interaction frequency, measured by the number of participant-
generated responses or queries per module

Additionally, the moderator(s) will be  responsible for 
documenting all engagement in an activity log during the intervention 
classes and also conduct separate inter-rater reliability checks on a 
portion of the engagement log. All interactions will be recorded by the 
moderator in an activity log. These metrics will serve as a proxy for 
determining participant’s access to and engagement with digital 
content (56) and will inform the conclusions of the qualitative 
feedback on the level of WhatsApp engagement in a nutrition 
intervention program.

2.4.2.2 Knowledge retention
Tests using quizzes, polls, Google forms, and self-confidence 

assessment questions will be  used to evaluate the knowledge 
retention rate of the participants. The tests will focus on the 
content of the class modules. A Google form knowledge retention 
assessment questionnaire will be administered, and participants’ 
audio and video feedback on the intervention modules will 
be  used to assess how the participants have integrated the 
knowledge gained into their daily activities. This will reflect the 
effectiveness and efficiency of the intervention program regarding 

knowledge retention and behavioral change of the participants 
(57). The integration of these approaches will evaluate the impact 
on cognitive retention and the real application of 
knowledge acquired.

2.4.2.3 Intervention acceptability
The intervention acceptability metric based on the Theoretical 

Framework of Acceptability (TFA) developed by Sekhon et al. (58) 
as shown in Figure 4, will be used to determine the acceptability of 
the nutrition intervention. A questionnaire that captures the seven 
domains (affective attitude, burden, ethicality, intervention 
coherence, opportunity costs, perceived effectiveness, and self-
efficacy) of acceptability regarding health-related intervention 
adapted from (59) will be used. The definition of the domains is 
adapted from Chen et al. (60) is shown in Table 3. Participants’ 
feedback on the questionnaire on the acceptability of the 
intervention will be used to determine the acceptability rate of 
the intervention.

2.5 Data analysis

Descriptive statistics such as frequency and percentages will 
be used for the socio-demographic characteristics (such as age, 
gender, student status, and household size) and other outcome of 
measures (such as knowledge retention, intervention 
acceptability, and nutrition-related outcomes) that are categorical 
variables, while mean and standard deviation will be used for the 
continuous variables. To assess the possibility of bias resulting 
from missing data, we  will conduct sensitivity analyses by 
carrying out complete case analyses. As opined by Braun and 
Clarke, this will ensure the robustness and credibility of our 
result (61). Mixed model analyses will be  used to assess the 
intervention’s impact on skin carotenoid levels, anthropometrics, 
and diet diversity score (62, 63). The mixed model analysis was 
chosen because it accounts for repeated measures and can 
effectively address issues related to missing data. In these 
analyses, the intervention arms will be treated as the fixed effect 
so that the measure’s outcome change between the school 
gardening-only participants and school gardening and nutrition 

FIGURE 4

Theoretical framework of acceptability of health-related interventions.

TABLE 3 Definitions of theoretical framework of acceptability domains.

Domains Definitions

Affective attitude Participants feelings about the intervention

Burden The perceived amount of effort that is required to 

participate in the intervention

Ethicality The level at which the intervention fits into the value 

system of the participants

Intervention coherence Participants’ comprehension level of the intervention

Opportunity costs The level of compromises to participate in the 

intervention

Perceived effectiveness The efficacy of the intervention

Self-efficacy Perceived participants’ behavioral capacity

Source: Adapted from (60).
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education participants can be  assessed by the coefficients or 
estimated using the least square means. Time and intervention 
arm will be included as both main effects and interaction effects. 
The random effect will account for variability variations between 
groups that might affect the response. We  will control for 
participant’s age, gender, household size, youth status (out-of-
school vs. in-school status), community, and state, by including 
them as covariates in the adjusted models of the mixed model 
analysis. Mann–Whitney U Test will be  used to compare the 
acceptability of the nutrition intervention between the groups. 
The analysis will be performed using IBM SPSS (version 23), and 
the statistical significance will be set at p-value <0.05.

As described by Braun and Clarke (61), the participants’ audio 
(sessions responses) and video recordings (tasks) from WhatsApp 
engagement will be analyzed using thematic analysis. We will use 
inductive coding to deduce the theme directly from the data. The 
convergent mixed method will be used to integrate the qualitative 
analysis with the quantitative results. This ensures a proper 
understanding of how participants experienced and engaged with 
the intervention.

3 Discussion

The study aims to improve the dietary habits of youths 
through a combined approach of school-based gardening of IVFs 
and digital delivery of nutrition education through WhatsApp. 
The study will fill the knowledge gap related to agricultural 
practices and nutritional knowledge of the youths, a population 
widely considered to influence future agriculture practices and 
food choices (64, 65). Furthermore, the study will provide 
relevant insights into designing and implementing innovative 
multi-level approaches that can improve dietary choices and 
enhance the health status of young people in the target region. 
Additionally, the study will serve as an evidence-based reference 
on the effectiveness of the strategies through the feasibility 
assessment of the approaches that would help in scaling 
sustainable nutrition programs and curbing malnutrition, thereby 
increasing the region’s health, social well-being, and 
economic progress.

The study will reveal how the combination of school-based 
gardening programs and mobile health technologies can impact 
the youths’ agricultural involvement and food habits. In addition, 
school garden programs have been regarded as one of the 
significant nutrition education tools as they connect experimental 
learning to food production and consumption (19, 66, 67). 
Likewise, this will involve growing IVFs through climate-smart 
agriculture practices to enhance knowledge of food habits and 
environmental management.

The integration of nutrition education through WhatsApp will 
bridge the gap between nutrition educators and the youths in 
low-income countries such as Nigeria; this approach is scalable for the 
promotion of food habits as there is rapid growth in internet access 
and mobile phone ownership among the youth (68–70). Furthermore, 
the emphasis on IVFs will aid in achieving the goal of food sovereignty 
and sustainability (13, 14, 71).

The study would be interpreted within the context of cultural, 
environmental, and technological concept of southwest Nigeria, where 

the intervention tailored to align with the local agricultural practices, 
dietary habits, and mobile technology usage.

3.1 Barriers, constraints, and mitigation 
strategies

To ensure the sustainability of the intervention beyond the study 
period, it is crucial to secure ongoing commitment from staff and 
students. In addition to funding, school gardening relies on sustained 
participation, as interest may fade over time. To address this, we will 
engage agricultural teachers at the selected schools and key 
community leaders during the intervention to maintain the program’s 
momentum. Furthermore, the Roots and Greens curriculum will 
be made publicly available after the study to support the long-term use 
of the gardening program. The researchers acknowledge potential 
biases associated with a non-randomized study design, such as 
selection bias and reduced internal validity. However, this design was 
chosen to take advantage of participants already being organized into 
natural groups based on their access to mobile phones, which will help 
minimize logistical challenges. Moreover, non-randomized designs 
offer external validity which often closely reflect real-life settings, 
enabling researchers to study how interventions operate in typical 
community or school environments. Furthermore, we acknowledge 
that the purposive sampling techniques may limit generalization, 
however we took steps to reduce bias and promote representativeness 
in the sample by stratifying recruitment to ensure diversity among 
youth status (in-school and out-of-school), geography (urban and 
rural), and state representation in Southwest Nigeria. Moreover, 
we  intentionally oversampled certain groups (e.g., out-of-school 
youth) to ensure sufficient coverage of otherwise hard-to-reach 
sub-populations. These strategies enhance the practical generalizability 
of the findings to similar real-world environments (72).

While the study involves self-reported outcomes and other 
measures, enumerators will be trained before the data collection 
period to uphold participant confidentiality to encourage honest 
responses and reduce response bias. To further minimize response 
bias in self-reported data, confidentiality assurances will 
be emphasized during the consent process. Moreover, the proposed 
analysis, mixed method, will control confounding factors to 
minimize the differences in participants’ characteristics and account 
for variability in the data. Additionally, participant dropout is 
anticipated; however, oversampling will address attrition, and the 
mixed model analysis will address missing data. The context-
specific approach serves to enhance the relevance of an intervention 
and its applicability in a given study setting the generalizability may 
be limited for those regions with totally different infrastructures or 
sociocultural contexts. Nevertheless, the knowledge acquired 
provides a valuable learning base for designing comparable 
interventions in other contexts, still through appropriate contextual 
adaptations. The study is designed to assess the immediate impact 
of the intervention on nutritional knowledge, dietary habits, and 
participation in agricultural activities. The longer-term effects of the 
intervention, particularly about sustainable nutritional changes and 
health indicators, will be  better understood through future 
longitudinal or follow-up studies. Future studies should put the 
study findings into perspective and further clarify the effectiveness 
of the interventions over time.
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3.2 Implications for practice involvement, 
policy development, and future research 
directions

The demonstrated effectiveness of the study could serve as a 
model for integrating agriculture and nutrition education into school 
curricula to enhance agricultural practices and food habits. 
Additionally, this model holds promise for adaptation in non-school 
settings to reach out-of-school youths through community-based 
programs, vocational training centers, or digital platforms, thereby 
extending its impact to a broader population of young people. This has 
the potential to significantly impact how schools in low-income 
countries approach agricultural and nutrition education. The success 
of this model can have far-reaching implications for agricultural and 
nutrition education policies in Nigeria and other low-income 
countries, ultimately contributing to a reduction in food insecurity. In 
addition, the delivery of nutrition education through digital platforms 
will widen the coverage of the target audience by including parents 
and community members, reducing the impacts of ignorance and 
cultural apathy on the consumption of IVFs.

Further research could determine the intervention’s acceptability, 
scalability, and adaptation across populations and regions. A randomized 
longitudinal study can be carried out to determine the long-term impacts 
of this intervention on agricultural practices, dietary behaviors, and 
nutritional status. Furthermore, studies involving other digital platforms 
other than WhatsApp can be carried out to establish the sustainability of 
mobile health nutrition education intervention.
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