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1. Trial title
AI, implementation and academic outcomes in poor resource settings: experimental evidence from Ghana

2. Country
Ghana

3. Status
Yet to start (Baseline planned for January 2024)

4. Keywords 
AI, education, children, academic outcomes, mathematics, low-cost private schools, government-run public schools, Ghana 


5.	Abstract
Low-and-middle income countries (LMIC) are experiencing a learning crisis, with less than 15% of sub-Saharan African students reaching minimum mathematics proficiency by the end of middle school (UNESCO, 2017). Students are often taught content far above their ability level and lack opportunities for practice and timely feedback. While high-quality one-on-one instruction has long been advocated to address these issues (Bloom 1984; Chi et al., 2001), the low supply and high cost of quality tutors in West Africa, pose significant barriers to access (Bray 2021). Consequently, research is needed to identify affordable and scalable interventions tailored to this context. Leveraging technology-supported learning, such as Intelligent Tutoring Systems (ITS) (Vanlehn, 2011) has shown promise in addressing diverse learning needs in LMICs. However, students in LMICs often don’t have access to home computers and the internet, though mobile phone usage is high (International Telecommunication Union 2022). The University of Ghana and Rising Academies, an educational network based in West Africa, seek to improve learning in primary and junior high schools in Ghana. Rising Academies has developed an AI-driven solution, 'Rori' to help children improve their math performance. Rori is a chat-based math tutor on WhatsApp, which can be accessed on affordable mobile phones. Rori has the potential to generate benefits for students living in poverty who cannot afford extra in-person tutorials. There are many possible avenues to using Rori as it does not require extensive bandwidth or large amounts of costly data, unlike platforms that provide video lessons. Building on encouraging results with students attending Rising Academy schools (Henkel et al., 2024), our proposed pilot will encompass a broader spectrum of schools (low-cost private schools and government-run public schools) to deepen the understanding of implementation challenges and intervention effectiveness. If Rori effectively improves math proficiency in all school types, it could support policy change and the widespread adoption of Rori, contributing to poverty reduction through enhanced educational outcomes. This pilot will also support the planning of a future RCT by helping us understand how to implement Rori in diverse contexts, ultimately contributing to the development of scalable and sustainable solutions for improving educational outcomes in LMICs.


6.	Trial start date
January 2025

7.	Intervention start date
February 2025

8.	Intervention end date 
May 2025

9.	Trial end date

December 2025


10.	Intervention and Study Design

Research Questions  

1. What is the impact of Rori on students’ mathematics learning gains in poor resource settings?
2. How does the effectiveness of Rori vary based on implementation fidelity?
3. How does the type of school influence the effect of Rori on learning outcomes?
4. What are teachers' attitudes and receptiveness towards the intervention?

The intervention involves providing mobile phones with Rori embedded to treatment classes. Students in grades 6-9 will participate in this pilot and all participants will receive their regular mathematics instruction. The mobile phones will be stored at the school and students will be supervised in using Rori for at least 1 hour a week.

The central research question guiding our pilot is: "How does the effectiveness of Rori vary based on implementation fidelity?". Building upon two years of research within Rising Academy schools, which has produced some promising results, we now hope to understand what is necessary to scale Rori to other schools. Therefore, this pilot aims to investigate the impact of Rori in government schools, as they are the most common type of schools in Ghana, and other low-cost private schools to compare to Rising schools. The previous evaluation of Rori was conducted with rigorous oversight in controlled environments, where implementation leads ensured adherence through frequent monitoring visits. Before investing in a large-scale RCT of Rori, it is crucial to determine if other schools can adopt Rori without that level of oversight and, if they do so, does it impacts students’ learning. Our pilot will also explore sub-questions, including the influence of school type on Rori usage, assessing the operational effectiveness of device management approaches, and teachers' attitudes and receptiveness towards the intervention. By addressing these questions, we seek to advance understanding of how to effectively implement Rori in a variety of schools, thus informing future efforts to scale up the intervention and assess its impact in a full RCT involving even more schools. We hypothesize that Rori will be effective in improving mathematics learning gains among students in the treatment group. However, we believe implementation fidelity will vary amongst the schools and thus hypothesize the size of learning gains will vary accordingly. Using a mixed-methods approach will help us determine under what conditions students have good learning gains from using Rori, again informing us how to best implement and evaluate Rori in the future.

11.   Outcomes
The main outcome measure will be learning gains, which will be assessed with adapted items from Trends in International Mathematics and Science Study (TIMSS), an externally validated assessment. We considered other assessments, but the NWEA requires internet and laptops and there are no standard national exams in Ghana with population-level data. All students will be assessed twice in their respective schools, and their baseline scores will be subtracted from their endline scores. The assessment will take between 1 and 1.5 hours. The sub-questions will have multiple outcome measures including some phones that are retained at the end of the intervention, usage values for each phone, Likert ratings, and qualitative responses from teachers. Teachers will be interviewed to share their experiences and challenges when supervising students using Rori.

This study has the potential for considerable academic contribution. The Rori intervention is quite unique as it is intended for low-resource settings and this pilot will add to research on mobile-based interventions and to the broader discourse on intervention efficacy. The pilot’s methodology allows for a comprehensive understanding of the intervention's impact and the factors influencing its success. By delineating the differential impact of Rori across different kinds of schools, we will shed light on the contextual factors that influence educational outcomes. Furthermore, this population is understudied so this pilot will contribute to the academic literature of interventions in West Africa. Any evidence will be considered complementary to the standard learning kits used in poor resource settings. 


12.   Work Plan/Timelines
This pilot will take place over one year starting in January 2025. Pre-pilot activities however started in September 2024 as the researchers were required to visit school associations and government officials to recruit schools. The University of Ghana led the recruitment by working with the Ghana Education Service (GES) and randomizing classes into treatment and control. November was dedicated to collecting data on the number of children in each class and building cages for phone storage for each school.  Baseline student assessments will be carried out in January 2025, followed by three days of training of mathematics teachers in each school. Mathematics teachers who teach the treatment classes will be selected for the training. An endline assessment will occur in June. The assessment papers will be scanned, graded, and entered in July and August. Analysis and initial reporting will be done from September to December.

13. Experimental Design
Sampling and Randomization Procedure
The study includes students from grades 6 to 9 across Rising Academy schools, low-cost private schools, and government schools all situated in the same neighborhood to aid comparison. We recruited 4 low- cost private schools and 5 public schools in addition to the 8 Rising Academy schools, making a total of 17 schools. Given current enrollment estimates, we expect the sample to be around 2531 students. The Rising Academy schools have been previously randomized into control and treatment. For the other schools, to avoid putting an entire school in control, we will randomize classes into treatment and control at the grade level. For example, the control for grade 6 in one school will be grade 6 in another school. Students in the control classes will not be provided with the phones with Rori. Thus, the randomization is at the classroom level within a grade. 

Spillovers

Given the design of our study, we do not expect significant spillover effects. The treatment classes for a particular grade are not in the same school as the control classes. Furthermore, the treatment is highly specific. Students in control classes will not be given mobile phones that have Rori. After Rori sessions have been completed, the phones are collected and securely stored, further reducing the possibility of spillovers. However, we cannot completely rule out spillover effects for children in the same school in control who have siblings in a treatment class. We therefore will collect detailed baseline and endline data on mobile phone usage for academic purposes at the household level. We will also collect qualitative data by interviewing teachers and students in both the treatment and control classes to better understand this pilot stage. 

Sample size: planned number of clusters
17 schools, Four (4) grades (Class 6 to JHS 3), one class per grade
68 classrooms


Sample size: planned number of observations
We plan to assess approximately 2531 students between Grades 6 and 9 across 17 of schools.
We will observe and document any form of attrition across conditions, classes and schools carefully. 

Sample size (or number of clusters) by treatment arms
Treatment ("Rori"): 1260
Control ("No-Rori"): 1271


Power
MDE

We used data and estimates from a pilot led by some of our research team members based on only Rising Academy schools (an educational network based in Ghana i.e., non-public and partly low-cost schools) in 2023 to inform the parameters (means, standard deviations, and intra-cluster correlation) for our power calculation. The baseline data showed a Math Score of 20.20, with a standard deviation of 8.81 and an intra-cluster correlation (ICC) of 0.09. 

With our sample of 2,531 students in Grades 9 to 12 across 17 schools and 51 classes, of which 1,260 would be in treatment (49.8% in the treatment arm), which is compared with 1,271  (50.2%) in the comparison group, we are powered to detect an effect size of at least 0.488 standard deviations with power of 0.8 and significance level of 0.05. Thus, our sample is large enough to detect an MDE which is less than one standard deviation. Our calculations are for intention-to-treat effects because we do not expect everybody who receives the treatment to use it consistently. The estimated MDE is within that observed by other researchers. For example, Muralidharan et al. (2019) examining the effect of personalized technology-aided after-school instruction program in India find effects sizes for math between 0.37 and 0.60.







Model Specification
We aim to thoroughly assess the impact of Rori on students’ mathematics learning gains in poor resource settings. The strategy would compare the average outcomes of students assigned to the treatment groups to those in the control groups, irrespective of compliance. Hence, we will focus on intent-to-treat (ITT) estimates largely because we do not expect all the students to use Rori (e.g. if students do not attend school regularly). 
The main estimation model,

Where:
 is the outcome variables of interest for Student  in School , Rori is a binary treatment indicator, equal to 1 if the student is assigned to use Rori and 0 if the student is not assigned to use Rori.  is a vector of control variables for students and school level characteristics including the baseline test scores.  is the coefficient of interest and measure the ITT effect,  is the constant term and  is the error term. As students will be assessed twice, during the baseline and endline, T-tests, effect size, and a linear regression will be estimated to determine if Rori leads to learning gains and the effect of school type.  The intervention is randomized at the classroom level and therefore we cluster the standard errors at the classroom level.


Randomization Method
For government and other private schools, randomization is done by balloting within grades across schools. 

For Rising Academy schools, randomization was previously for the pilot at the school level, matching treatment schools geographically with a control school. This randomization will be maintained for operational reasons.

Randomization Unit
Classes

Was the treatment clustered?
Yes, at the classroom level
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