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Impact Evaluation Project Title: Uptake of Best Management Practices by Rice Farmers in Nigeria: The Effectiveness of Bundling Women’s Empowerment Training, Digital Extension, and In-Person Extension
Investigators: Aminou Arouna (AfricaRice), Andrew Dillon (Northwestern University), Edouard Mensah, Mare Sarr, Leland Glenna (Penn State University)
[bookmark: _Hlk179323071]Project Summary: The proposed cluster randomized controlled trial investigates whether bundling women’s empowerment training, digital extension, and in-person extension to tackle gender and extension constraints in rice production can increase the adoption of improved cultural practices and use of mechanization in rice-based farming systems in Nigeria --- while ultimately enhancing the productivity and profitability of rice farming. To evaluate the effectiveness of the bundle/package of women’s empowerment training, digital extension, and in-person extension on the uptake of best management practices and the performance of rice production, the experiment will build upon the following arms: “Provision of wives-only training about women’s empowerment and RiceAdvice Lite recommendations supplemented with bi-weekly visits of female extension agents in the rice cropping season” (T1), “Provision of wives-only training about women’s empowerment and RiceAdvice Lite recommendations supplemented with bi-weekly visits of male extension agents in the rice cropping season” (T2), “Provision of couples’ training about women’s empowerment and RiceAdvice Lite recommendations supplemented with bi-weekly visits of female extension agents in the rice cropping season” (T3), “Provision of couples’ training about women’s empowerment and RiceAdvice Lite recommendations supplemented with bi-weekly visits of male extension agents in the rice cropping season” (T4), and “No training about women’s empowerment, no RiceAdvice Lite recommendations, and no supplementary bi-weekly visits of extension agents of any gender in the rice cropping season” (C).
Problem Statement: Digital innovations in agricultural extension have the potential to improve the sustainable production and economic performance of agriculture (Aker, 2011; Fabregas et al, 2019; Finger, 2023; Jones et al, 2022; Singh et al., 2022). In Nigeria, digitized extension services, such as RiceAdvice Lite, which gives proven pre-season recommendations on fertilizer and other management practices for rice cultivation and other rotational crops in rice-based systems for various locations, based on a very minimum amount of information (location, crop, and environment) to be provided by the farmer have the potentially to increase the uptake of best management practices in rice-based farming systems. Prior impact studies showed that using RiceAdvice increases rice yields by 7 to 20%, profits by 10 to 23%, and nutrient use efficiency (Arouna et al. 2021; Zossou et al. 2020). However, large-scale use of digital extension for the sustainable economic development of the rice sector requires addressing several challenges, including the needs for supplementary in-person or public extension services due to limited farmer’s literacy as well as gender-differentiated extension services (Caine et al., 2015) and the use of a gender-transformative rather than gender-accommodating approach (Interagency Gender Working Group, 2017; Cole et al. 2020; Lambrecht et al., 2023). The study aims to address the barriers inhibiting women’s adoption of innovations, digital technologies, and access to agricultural advice, by testing the effectiveness of a “bundling” or “multi-faceted” program delivering women’s empowerment training, digital extension, and in-person extension to rice farmers in married households in Nigeria. The study’s main research question is the following: Does bundling “women’s empowerment training, digital extension, and in-person extension” increase the adoption of improved cultural practices and use of mechanization in rice-based farming systems in Nigeria? 
Specifically, the study answers the following questions:
1. (RQ1) What is the effect of increasing women’s empowerment with digital extension and either female or male extension agents on the adoption of improved cultural practices and use of agricultural machinery?
2. (RQ2) Are there differences in treatment response by gender of the spouse?
RQ1 simply focuses on testing the effectiveness of bundling interventions ---regardless of the components of the bundle --- on the main outcomes of interest. RQ2 investigates intra-household gender differences in the main outcomes of interest within “wives-only training” clusters, within “couples training” clusters, and within “female extension agent” clusters.
Target population: The study will take place in two North-Western states (Jigawa and Kaduna) and two North-Central states (Nasarawa and Benue) of Nigeria. The Northern region faces gender barriers more than the Southern region due to religious and cultural differences. For the same reasons, North-Central states are also more gender-progressive than North-Western states.
Farmer’s Gender Dynamics: The study targets farmers/spouses by gender within married households growing rice in the villages. Village census data at baseline informs about the composition and marital status of the population of rice-growing households in the villages of the four study states. In the sub-component “wives-only” of the bundle component “women’s empowerment training”, within the household, female farmers are treated while male farmers are not. In the sub-component “couples” of the bundle component “women’s empowerment training”, within the household, both female and male farmers are treated; however, farmer’s gender differences in the take-up of best management practices may be observed due to differences between female and male farmers in access to resources, intra-household decision-making, as well as individual and plot characteristics (Udry, 1996; Dillon and Mensah, 2024).
Extension Agent’s Gender Dynamics: Although the bundle component “digital extension supplemented with in-person extension” is allocated at the village level, extension agent’s gender differences in the take-up of best management practices across villages may be observed due to heterogeneous abilities of agricultural advice delivery. Besides, the interaction between the farmer’s gender and the extension agent’s gender introduces additional dynamics to be observed since female extension agents may relate well with the female farmers and deliver them agricultural advice in a better way than male extension agents do due to the gender norms in Northern Nigeria. Thus, the “female extension agent” assignment may contribute to gender-transformative intra-household changes as opposed to gender-accommodating intra-household changes.
Intervention and Evaluation Design: The study will test variations of two interventions (women’s empowerment training and digital extension supplemented with in-person extension) leading to 5 experimental groups (Table 1).
· “Provision of wives-only training about women’s empowerment and RiceAdvice Lite recommendations supplemented with bi-weekly visits of female extension agents in the rice cropping season” (T1), 
· “Provision of wives-only training about women’s empowerment and RiceAdvice Lite recommendations supplemented with bi-weekly visits of male extension agents in the rice cropping season” (T2),
· “Provision of couples’ training about women’s empowerment and RiceAdvice Lite recommendations supplemented with bi-weekly visits of female extension agents in the rice cropping season” (T3), 
· “Provision of couples’ training about women’s empowerment and RiceAdvice Lite recommendations supplemented with bi-weekly visits of male extension agents in the rice cropping season” (T4), and
·  “No training about women’s empowerment, no RiceAdvice Lite recommendations, and no supplementary bi-weekly visits of extension agents of any gender in the rice cropping season” (C).
The proposed evaluation design is a multi-site (state), cluster (village) randomized trial with treatment at the village level. The interventions start with the women’s empowerment training workshops in October 2024 (Figure 1). There are 8 one-day training workshops: 2 per state, including 1 only for wives and 1 for both wives and husbands. In polygamous households, only the wife growing rice and managing their own plots is selected; if there are many such wives, one of them is randomly selected. Wives of households in the villages allocated to the “wives-only” training receive a one-day training about women’s empowerment implemented by an experienced local NGO in Nigeria. The training curriculum is administered to address five empowerment domains (production, resources, income, leadership, and time) and increase the Abbreviated Women’s Empowerment in Agriculture Index (A-WEAI). Wives and husbands and of households in the villages allocated to the “couples” training receive the same one-day training about women’s empowerment implemented by the same experienced local NGO in Nigeria. Although treated couples receive the same training curriculum as treated wives, differences in outcomes may be observed between the two bundle sub-components because the “couples” training contributes to gender-transformative intra-household changes as opposed to gender-accommodating intra-household changes.

Table 1: Experimental groups 
	Bundle component “Training about Women’s Empowerment”
	[bookmark: _Hlk179385391]Bundle component “Digital Extension supplemented with In-Person Extension”

	
	RiceAdvice Lite + Female Extension Agents
	RiceAdvice Lite + Male Extension Agents
	No RiceAdvice Lite and No Supplementary Extension Agents

	Wives-only Training
	Group 1 (T1): 
“Provision of wives-only training about women’s empowerment and RiceAdvice Lite recommendations supplemented with bi-weekly visits of female extension agents in the rice cropping season”
	Group 2 (T2): 
“Provision of wives-only training about women’s empowerment and RiceAdvice Lite recommendations supplemented with bi-weekly visits of male extension agents in the rice cropping season”
	

	Couples Training
	Group 3 (T3): 
“Provision of couples’ training about women’s empowerment and RiceAdvice Lite recommendations supplemented with bi-weekly visits of female extension agents in the rice cropping season”
	Group 4 (T4): 
“Provision of couples’ training about women’s empowerment and RiceAdvice Lite recommendations supplemented with bi-weekly visits of male extension agents in the rice cropping season”
	

	No training
	
	
	Group 5 (C):
“No training about women’s empowerment, no RiceAdvice Lite recommendations, and no supplementary bi-weekly visits of extension agents of any gender in the rice cropping season”


Wives-only Training
Group 1: RiceAdvice Lite 
+ Female Extension Agents
Group 2: RiceAdvice Lite 
+ Male Extension Agents
Couples’ Training
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Figure 1: Timeline of the intervention and data collection 


In addition to the women’s empowerment training, households in treatment villages will receive RAL recommendations and bi-weekly visits of extension agents in October and November 2024 (Figure 1). The extension agent is female in T1 and T3 while male in T2 and T4. Extension agents facilitate the use of RAL app on the plots and give any additional agricultural advice that the households may need on rice cropping practices and use of agricultural machinery. Extension agents are local extension professionals from two NGOs, ATAFI and Green Sahel.
The control group is composed of households in villages allocated to no women’s empowerment training and which do not receive RAL recommendations and bi-weekly visits of extension agents either. Since control households do not receive any part of the intervention in October and November, they only participate in the study at baseline (May 2024) and endline (December 2024). The baseline data collection occurs before the planting season which precedes the entire intervention. The endline data collection occurs after harvest. Thus, the outcomes from the intervention refer to one full rice cropping season (Figure 1).

Power calculations: 
The trial focuses on outcomes at two levels: farmer level (i.e., spouse level) and farmer-plot level.
Main outcomes of interest: binary and continuous outcomes
-Binary adoption of key improved cultural practice (smart-valley)
-Binary use of key agricultural machinery (tractor)
-Count of agricultural machinery used (tractor, power tiller, mechanized transplanter, mechanized seeder, mechanized weeder, net (for bird scaring), mini combine harvester, ASI/ATA thresher, GEM parboiler, Striga management video)
-Count of improved cultural practices adopted and agricultural machinery used (mulching, smart-valley, mechanical leveling, row-sowing, row-transplanting, improved steamed parboiling, tractor, power tiller, mechanized transplanter, mechanized seeder, mechanized weeder, net (for bird scaring), mini combine harvester, ASI/ATA thresher, GEM parboiler, Striga management video)
-Abbreviated Women’s Empowerment in Agriculture Index (A-WEAI)
Secondary outcomes: binary and continuous outcomes
-Binary use of non-labor inputs (improved rice varieties, inorganic fertilizer, pesticides/insecticides/herbicides), on-farm labor, and off-farm labor.
-Quantity and monetary value of non-labor inputs (seeds, inorganic fertilizer, organic fertilizer, pesticides/insecticides/herbicides)
-Quantity and monetary value of on-farm labor and off-farm labor
-Yield and value of rice output
-% output sold and value of sales
-Profit from rice farming
Summary of power calculations for RQ1 (based on pilot data)
Using a sample size of 40 village clusters, 400 households, 800 farmers, and 1,600 farmer-plots, the study will have at least 82% statistical power to detect a 12% minimum difference in take-up rates of smart-valley practice between bundling and control groups, 76% statistical power to detect a 24.6% minimum difference in take-up rates of tractor use between bundling and control groups, 92% statistical power to detect a minimum difference in the number of agricultural machinery used of 0.783 between bundling and control groups, and 98% statistical power to detect a minimum difference in the number of agricultural practices adopted and machinery used of 1.195 between bundling and control groups (See Figure 2 and Excel file “Final Power Calcs”).
Summary of power calculations for RQ2 (based on pilot data)
Using a sample size of 40 village clusters, 400 households, 800 farmers, and 1,600 farmer-plots, the study will have at least 70% statistical power to detect a minimum difference in the number of agricultural machinery used of 0.660 between wives and husbands within villages receiving “RiceAdvice Lite recommendations supplemented with female extension agents” (Group 1 and Group 3). It will take a sample size of 44 village clusters, 440 households, 880 farmers, and 1,760 farmer-plots to have at least 79% study’s power to detect the same difference (See Figure 3 and Excel file “Final Power Calcs”).
Given the above and our budget constraint, the study plans a sample size of 40 village clusters, 440 households (i.e. 11 households per village cluster), and 880 farmers (i.e. 2 spouses per household). Applying the rate of non-compliance with the treatment in Arouna et al. (2021), which is about 3%, we still have at least 853 farmers (thus, more than 800 farmers in the final sample). Besides non-compliance issues, attrition due to farmers not growing rice in the period of October-November 2024 would underpower the study. To guard against attrition, a light phone survey outreaching baseline households is conducted in September 2024 to assess the feasibility of a planned sample size of 880 farmers based on 11 married households each in 40 villages and 2 farmers/spouses per household.
We proceed as follows for the sampling. Using local expert knowledge, we identify 3 Local Government Areas (LGAs) within each state of the corridor Jigawa-Kano-Kaduna-Nasarawa-Benue. Although there are only four study states for this trial, a pilot survey includes the state of Kano where a previous impact study (Arouna et al. 2021) was conducted. Each of the 3 LGAs has at least 4 villages with a minimum of 20 households within the village growing rice under irrigated ecology in uplands or lowlands. This yields a sample frame of 48 villages for the study (4 states * 3 LGAs per state * 4 villages per LGA).
As the villages are identified using expert knowledge, the study confirms and updates the information using local enumerator’s knowledge during the training of enumerators for the baseline data collection. In each of the 48 villages, a list of rice-growing households is obtained from the village head; the households are classified into “households mostly with male-managed rice plots” versus “households mostly with female-managed rice plots.” From this household list for the village, 20 rice-growing households are initially selected to ensure the household sample is representative of the classification into mainly male- or female-managed rice-growing households. After a baseline survey conducted in May 2024, and following the rice cropping plans of the households in September 2024, we retain 40 villages having each at least 11 households with 2 farmers/spouses per household planning to grow rice in the period of October-November 2024.
We will select and randomize the 40 villages into bundling treatment and control groups. In October 2024, 20 villages will be allocated to the control group (C) receiving “no training about women’s empowerment, no RiceAdvice Lite recommendations, and no supplementary bi-weekly visits of extension agents of any gender in the rice cropping season”; 5 villages will be allocated to the treatment group (T1) receiving “wives-only training about women’s empowerment and RiceAdvice Lite recommendations supplemented with bi-weekly visits of female extension agents in the rice cropping season”; 5 villages will be allocated to the treatment group (T2) receiving “wives-only training about women’s empowerment and RiceAdvice Lite recommendations supplemented with bi-weekly visits of male extension agents in the rice cropping season”; 5 villages will be allocated to the treatment group (T3) receiving “couples’ training about women’s empowerment and RiceAdvice Lite recommendations supplemented with bi-weekly visits of female extension agents in the rice cropping season”; and 5 villages will be allocated to the treatment group (T4) receiving “couples’ training about women’s empowerment and RiceAdvice Lite recommendations supplemented with bi-weekly visits of male extension agents in the rice cropping season.” Within each village assigned to the bundling treatment, the 11 married households all receive the same treatment assigned to the village.
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Figure 2: Power calculations for research question 1 comparing bundling and control groups
Note: By allocating 20 villages to Group 5 (C) and 5 villages to each of the four treatment groups (T1, T2, T3, and T4) and surveying 10 households in each of the 40 villages with 2 farmers/spouses in the household, one spouse having 3 plots and the other having 1 plot, i.e., the number of farmer-plots in each village is 40, the study will have at least 82% statistical power to detect a 12% minimum difference in take-up rates of smart-valley practice between bundling and control groups, 76% statistical power to detect a 24.6% minimum difference in take-up rates of tractor use between bundling and control groups, 92% statistical power to detect a minimum difference in the number of agricultural machinery used of 0.783 between bundling and control groups, and 98% statistical power to detect a minimum difference in the number of agricultural practices adopted and machinery used of 1.195 between bundling and control groups. 
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Figure 3: Power calculations for research question 2 comparing spouses within villages receiving “RiceAdvice Lite recommendations supplemented with female extension agents” (Group 1 and Group 3)
Note: Using 16 bundling villages (including 8 villages allocated to female extension agent clusters, i.e., 4 villages to each of the two treatment groups T1 and T3) and surveying 10 households in each of these 8 villages with 2 farmers/spouses in the household, one spouse having 3 plots and the other having 1 plot, i.e., the number of farmer-plots in each village is 40, the study will have at least 59% statistical power to detect a minimum difference in the number of agricultural machinery used of 0.660 between wives and husbands. Using 20 bundling villages (including 10 villages allocated to female extension agent clusters with 40 farmer-plots in each village), the study’s power would be 70% to detect the same difference. Using 24 bundling villages (including 12 villages allocated to female extension agent clusters with 40 farmer-plots in each village), the study’s power would be 79% to detect the same difference. Using 28 bundling villages (including 14 villages allocated to female extension agent clusters with 40 farmer-plots in each village), the study’s power would be 85% to detect the same difference. 

The sample size of 440 households and 880 farmers or spouses is distributed across the treatment arms as follows:
-Control group (C): 220 households and 440 farmers or spouses; 
-Treatment group (T1): 55 households and 110 farmers or spouses; 
-Treatment group (T2): 55 households and 110 farmers or spouses; 
-Treatment group (T3): 55 households and 110 farmers or spouses; 
-Treatment group (T4): 55 households and 110 farmers or spouses.

Econometric specifications: 
Let denote the subscripts  for the farmer/spouse,  for the household,  for the village,  for the state, and  for time.
For farmer-specific outcomes , we will use the baseline data  at the household level and the endline data at the spouse level to estimate Equation (1) using Ancova specification.
 			
  (1),
where  are household covariates,  are state-fixed effects, and  are state-village fixed effects.
To answer RQ1, the study will test the null hypothesis  against the alternative 
To answer RQ2, the study will estimate Equation (2) and test the two-sided null hypotheses  for no difference in wives-only treatment response by gender of the spouse,  for no difference in couples’ treatment response by gender of the spouse, and  for no difference in the response for digital extension supplemented with female extension agents by gender of the spouse.
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We denote the subscript  for the rice plot. For farmer-plot-specific outcomes , we will estimate the Ancova specification in Equation (3) to conduct the same tests above relating to RQ1. 
			
(3),
where  are household-plot covariates.
We will estimate the Ancova specification in Equation (4) to conduct the same tests above relating to RQ2.
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