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Pre-Analysis Plan
Rapid Evaluation of the Impact of Gemini Guided Learning on Students’ Mathematics Scores in Junior Secondary Schools in Sierra Leone




Introduction
This pre-analysis plan describes the evaluation design and planned statistical analysis for a cluster randomised controlled trial assessing the impact of Gemini Guided Learning on student mathematics achievement in Junior Secondary Schools in Sierra Leone. The intervention is implemented at the classroom level and integrates Gemini-supported instructional activities into regular mathematics lessons over one academic term. The evaluation uses baseline and endline student assessments aligned with the national curriculum, complemented by baseline student surveys collecting sociodemographic information and implementation monitoring data collected throughout the intervention period. Classrooms are randomly assigned to treatment or control within school and grade strata. The primary outcome is student mathematics achievement at endline, and the primary estimand is the intention-to-treat effect of classroom assignment to Gemini Guided Learning.
The study is part of a broader, multi-site portfolio of randomized controlled trials evaluating the educational efficacy of teacher-supported uses of generative AI in real-world classroom settings.

Summary Table

	Item
	Description

	Project title
	Evaluating the impact of Gemini Guided Learning on mathematics achievement in Junior Secondary Schools in Sierra Leone

	Evaluator 
	Fab AI 

	Principal investigators on Evaluation team
	Maria José Ogando Portela; Natalia Valdés Aspillaga; Usman Khawar

	Study Collaborators
	Google DeepMind
Ministry of Basic and Senior Secondary Education (MBSSE) of Sierra Leone
Oxford MeasurEd
EducAid
Laterite

	Trial design
	Two-arm cluster randomised controlled trial

	Unit of randomisation
	Classroom

	Unit of analysis
	Student

	Blocking / stratification
	School × grade (JSS1, JSS2)

	Target population
	JSS1 and JSS2 students in government-supported schools restricted to students aged 13 or older (eligible for Gemini use)

	Number of clusters
	48 classrooms 

	Primary outcome
	Endline mathematics achievement (IRT-scaled score)

	Primary estimand
	Intent-to-treat (ITT)



Pre-Analysis Plan Commitments
This pre-analysis plan was finalised before access to endline data and before any impact analysis was conducted. Randomisation was completed prior to data collection. Outcome construction, psychometric scaling, estimands, model specifications, and decision rules for robustness analyses are fully specified ex ante.
Any deviations from this plan will be explicitly documented and justified in the final report.
Policy Context
Sierra Leone faces persistent learning deficits at the Junior Secondary level, particularly in mathematics. Large class sizes, limited instructional materials, and constrained teacher capacity make it difficult to provide individualised support. Gemini Guided Learning is designed to complement classroom instruction through structured, scaffolded problem solving supported by teachers.
This trial provides rigorous causal evidence on whether such an AI-supported approach can improve learning outcomes in a low-resource classroom context.
Trial Aim
The primary aim of the trial is to estimate the causal effect of classroom-level assignment to Gemini Guided Learning on students’ mathematics achievement over one academic term.
Hypotheses
The primary hypothesis is that students assigned to classrooms implementing Gemini Guided Learning will demonstrate higher mathematics achievement at endline than students in control classrooms receiving business-as-usual instruction.
A secondary hypothesis is that higher exposure time to Gemini Guided Learning (measured in hours of attendance at Gemini-supported lessons) increases learning gains among compliers. This hypothesis is evaluated using treatment-on-the-treated (TOT) and dosage-based analyses and is interpreted as a local average causal effect for students whose exposure responds to classroom assignment.
Intervention Type
The study is a two-arm classroom-level RCT:
· Treatment: Mathematics lessons supported by Gemini Guided Learning for approximately 50% of weekly maths periods for the first academic term in Sierra Leone (2025).
· Control: Business-as-usual mathematics instruction.
Randomisation
Randomisation was conducted at the classroom level within schools and grades (JSS1 and JSS2). Within each school × grade stratum, classrooms were randomly assigned with equal probability to either the treatment or control group (50% treatment, 50% control).
Randomisation was completed after baseline data collection and prior to the start of the intervention. The randomisation procedure and seed were pre-specified and archived for reproducibility.
For transparency and reproducibility, we will pre-register the randomisation seed, archive the school-by-grade classroom rosters used for assignment, and publish the analysis code used to produce the locked outcome measures and primary estimands. Any deviations from this plan will be explicitly flagged and justified in the final report.
Ethics and consent
Ethical approval for this study was obtained from the Sierra Leone Ethics and Scientific Review Committee (SLESRC), Ministry of Health (Approval No. 007/09/2025, approved on 8 September 2025). The study also received authorisation from the Ministry of Basic and Senior Secondary Education (MBSSE).
Parental consent, student assent, and teacher consent were obtained prior to participation. Participation was voluntary and had no consequences for grades or professional standing. All analyses are conducted on de-identified data and reported in aggregate form only.
Analysis population.
The analysis population includes students aged 13 years or older enrolled in randomised JSS1 and JSS2 sections across 12 government supported schools who provided the required consent and assent and for whom outcome data are observed. Students under the age of 13 are excluded because the use of Gemini was not permitted for this group. Students who did not provide consent or assent are also excluded from the analysis, as no outcome data were collected for them.
Outcome and variables measure and construction
Student Mathematics Achievement (Primary Outcome)
Student mathematics achievement is measured at baseline and endline using curriculum-aligned multiple-choice assessments designed for Junior Secondary School students in Sierra Leone. Assessments are administered using paper-based testing procedures under standardised conditions.
Student mathematics achievement at baseline and endline, and baseline reading comprehension, are constructed using Item Response Theory (IRT) methods. Baseline and endline assessments are placed on a common scale to allow meaningful measurement of learning gains over time.
Final student achievement scores are expressed on a standardised scale with a mean of 500 and a standard deviation of 100. 
Detailed psychometric procedures for scoring, scaling, equating, and validation of the mathematics and reading assessments are implemented independently by Oxford MeasurEd following established best practices in educational measurement. These procedures are documented in MeasurEd’s internal technical documentation and are not determined by the evaluation team. The evaluation relies only on the final locked scores produced through this process.
Covariates 
Baseline data collection included student assessments (English comprehension and Mathematics) and a student survey administered prior to randomisation. The survey collected basic sociodemographic information, including sex, age, and selected household characteristics. 
All covariates included in the analysis are pre-treatment variables. Student-level covariates include baseline mathematics achievement and baseline reading comprehension, both constructed using IRT methods. Classroom-level covariates include pre-treatment classroom mean mathematics achievement and, where specified, a pre-defined composite of classroom mean mathematics and reading comprehension. Classroom-level covariates are included only in selected robustness checks, as specified below
Method of Analysis
Intention-to-Treat (ITT) Analysis
The primary estimand is the intention-to-treat (ITT) effect of classroom-level assignment to Gemini Guided Learning on student mathematics achievement at endline. All ITT analyses are conducted at the student level, with standard errors clustered at the classroom level, which is the unit of randomisation. All models include school × grade fixed effects, reflecting the stratified randomisation design.
Given substantial student mobility and incomplete baseline coverage, we pre-specify two main ITT specifications. The first is a design-based endline-only specification estimated on the full endline sample (ITT Specification 1), which preserves representativeness and avoids conditioning on baseline availability. The second is an ANCOVA specification estimated on the subset of students with both baseline and endline test scores (ITT Specification 2), which improves precision by adjusting for baseline achievement. We interpret these two specifications jointly as the main results; any divergence between them will be examined and discussed in light of differential baseline availability.
ITT Specification 1: Design-based endline-only model 
As a base specification, we estimate a design-based model that includes only the randomised treatment indicator and school × grade fixed effects. This specification relies solely on the randomisation design and does not condition on baseline data.

Where  is the endline mathematics scaled score for student i in classroom c, grade g, school s.  represents the classroom-level treatment indicator and  are fixed effects for each school-by-grade stratum. Standard errors are clustered at the classroom level.
This specification can be estimated for all students with observed endline outcomes, irrespective of baseline data availability, and serves as a transparent design-based benchmark.
ITT Specification 2: ANCOVA with baseline achievement
The primary analysis uses an ANCOVA specification that conditions on baseline achievement measures to improve precision.

Where  and ​ are the coefficients on baseline mathematics and baseline English comprehension scaled scores[footnoteRef:1], respectively. This specification includes the same school × grade fixed effects and clustered standard errors as Specification 1. [1:  Baseline English comprehension is included solely as a precision covariate and for heterogeneity analysis; it is not an outcome of interest.
] 

ITT Specification 3: ANCOVA with baseline achievement and demographics
As a robustness check, we estimate an augmented ANCOVA specification that additionally adjusts for pre-treatment student characteristics collected at baseline. These include basic demographics (age and gender), household and socioeconomic background, schooling and vulnerability indicators, learning environment and resources, and digital familiarity. Age and gender are always included and are fully observed, as they are also collected from administrative school records. Additional baseline covariates are restricted to pre-treatment variables and included only when they have sufficient response rates to contribute meaningful information. Treatment assignment and school × grade fixed effects are always included. This specification does not change the estimand and is used solely to assess robustness and potential precision gains.

 includes student-level sociodemographic covariates (e.g., sex, age, household characteristics).
Treatment-on-the-Treated (TOT) and Dosage Analyses
Motivation and estimand
The TOT analysis assesses whether higher exposure to Gemini Guided Learning leads to larger learning gains among students in classrooms assigned to treatment. Because exposure is not randomly assigned at the student level, dosage-based effects are estimated using instrumental variables methods and interpreted as local average treatment effects for students whose exposure responds to classroom assignment. We refer to this as a TOT/dose–response estimand. The first-stage equation is identical across all TOT specifications.
Dosage definition
Student-level dosage is defined as total exposure time to Gemini Guided Learning, measured as the total number of hours the student was present during Gemini-supported mathematics instruction over the intervention period. Exposure time is constructed using attendance records and session duration information from implementation monitoring data. 
TOT Specification 1: Design-based endline-only IV model 

This specification mirrors the design-based ITT benchmark and does not condition on baseline outcomes. It can be estimated for all eligible students with endline outcomes and dosage information.

First stage: 

Second stage (outcome on predicted exposure):

 denotes total hours of Gemini exposure for student (constructed from attendance × session duration).  is interpreted as the effect on endline mathematics achievement per additional hour of Gemini exposure for compliers.

TOT Specification 2: IV-ANCOVA with baseline achievement 
We estimate a two-stage least squares (2SLS) model that instruments student dosage with classroom assignment to treatment. All specifications include school × grade fixed effects, and standard errors are clustered at the classroom level.
Second stage (outcome on predicted exposure):


TOT Specification 3: IV-ANCOVA with additional baseline adjustment (robustness)
As a robustness check, we estimate an augmented IV-ANCOVA specification that additionally adjusts for the pre-treatment student characteristics collected in the baseline survey.
Second stage (outcome on predicted exposure):

where  denotes a set of covariate adjustment procedure applied only to baseline covariates. Treatment assignment and school × grade fixed effects are always included. This specification does not change the estimand and is used to assess robustness and potential precision gains.
Reporting and interpretation
TOT results are reported for the eligible observed sample and interpreted as local effects for compliers. For each specification we report  (interpreted as the effect on endline mathematics achievement per additional hour of Gemini exposure for compliers), 95 percent confidence intervals, and p-values. We also report the first-stage coefficient and first-stage F-statistic. 
Mathematics subdomain effects (secondary/exploratory analysis)
As a secondary analysis, we will estimate treatment effects on mathematics subdomains to assess whether programme impacts are concentrated in specific skill areas. The subdomains considered are: (i) Numbers and numeration, (ii) Everyday arithmetic, (iii) Geometry and measurement, (iv) Algebra, and (v) Statistics and probability. For each subdomain, Oxford MeasurEd will construct a subdomain score by aggregating performance on the set of questions mapped to that subdomain in the assessment design, following the same scoring framework used for the overall mathematics outcome.
For each subdomain, we will report impacts using both (i) a design-based endline-only specification with school × grade fixed effects, estimated on the full endline sample, and (ii) an ANCOVA specification that conditions on baseline achievement, estimated on the subset of students with baseline and endline data. Where relevant, we will additionally report corresponding dosage-based (TOT) estimates using the analogous instrumental-variables specifications. Standard errors will be clustered at the classroom level in all models.
These subdomain analyses are exploratory and are intended to provide insight into the mechanisms through which Gemini Guided Learning may affect learning outcomes.
Missing baseline and endline data
The three ITT and TOT specifications differ in their use of baseline data. The design-based endline-only specification (Specification 1) includes all students with observed endline outcomes, irrespective of baseline data availability. The ANCOVA specifications (Specifications 2 and 3) condition on baseline achievement measures and are therefore estimated on the subset of students with both baseline and endline test scores. 
Missing endline outcomes, including those arising from non-consent or dropout, are addressed separately as described in the attrition and sensitivity analysis section.
Missing values in baseline covariates are handled using a missing-indicator approach, whereby covariates are filled with reference values and indicators for missingness are included. Covariates with very high levels of missingness are excluded, as they contribute limited information even with missingness indicators. Results are reported alongside complete-case estimates as a robustness check.
Robustness 
Difference-in-Difference
As an additional robustness check, we estimate the ITT and TOT effect using a gain-score (difference-in-differences) specification that regresses the change in mathematics achievement between baseline and endline on classroom assignment and school × grade fixed effects, with standard errors clustered at the classroom level. Difference-in-differences has historically been widely used in education project evaluations when baseline data are available. However, in randomized experiments with noisy baseline test scores, gain-score specifications are generally less statistically efficient than ANCOVA, particularly when baseline–endline autocorrelations are moderate or low (McKenzie, 2012). We therefore treat the gain-score specification as a robustness check to the primary ANCOVA results, rather than as a preferred estimator.
Classroom-level dosage TOT (robustness)
If student-level dosage is missing for a substantial share of students or if the first stage is weak, we will additionally estimate a classroom-level dosage TOT. Classroom dosage is defined as the share of planned Gemini-supported lessons that were delivered in the classroom during the intervention period (or, if unavailable, the classroom mean of student dosage). Classroom dosage is instrumented by classroom assignment , and inference is clustered at the classroom level.
In some robustness checks, we additionally adjust for baseline classroom mean achievement.
Attrition and balance.
Student mobility and dropout are common in the study context. Some students enrolled at the start of term may leave school shortly after baseline, and additional students may join classes later in the term. We will document this mobility using a CONSORT-style flow diagram that distinguishes (i) students enrolled and assessed at baseline, (ii) students assessed at endline, and (iii) students observed at endline but not baseline (late entrants or baseline missing). We will report these counts by treatment arm and by school × grade stratum.
We will report baseline balance tables by treatment arm for baseline test scores among students observed at baseline. We will report endline follow-up rates by arm and test whether endline observation is predicted by treatment assignment and baseline covariates. Because students without baseline scores also lack baseline survey information, imputation or reweighting based on baseline characteristics is not feasible for a large share of the sample.
If differential attrition between treatment and control exceeds 10 percentage points, we will report Lee bounds (Lee, 2009) as a sensitivity analysis to assess the robustness of ITT estimates to differential attrition.
Heterogeneity Analyses
We will examine whether treatment effects differ systematically across pre-specified subgroups defined using baseline (pre-treatment) characteristics. All heterogeneity analyses are secondary and exploratory: they do not change the primary estimand and are used to understand for whom the intervention is most effective. Heterogeneity will be assessed by interacting the treatment assignment indicator with each subgroup indicator, while maintaining school × grade fixed effects and clustering standard errors at the classroom level. We will report subgroup-specific treatment effects and the corresponding 95 percent confidence intervals.
English comprehension heterogeneity.
We test whether impacts differ by baseline English comprehension, motivated by the hypothesis that students with lower language proficiency may face greater barriers to benefiting from text-based explanations. We define a binary indicator  is equal to 1 if a student’s baseline English comprehension score is below the benchmark within their grade (JSS1 or JSS2), and 0 otherwise. The binary indicator will be based on benchmark defined by Oxford MeasurEd. The ITT heterogeneity model is:

where is the ITT effect for students at or above the grade-specific median of baseline English comprehension and is the ITT effect for students below that median. The interaction coefficient  captures the difference in effects between the two groups.
Grade heterogeneity. 
We also test whether impacts differ by grade level (JSS1 versus JSS2). Because randomisation is stratified by school × grade and all main models include school × grade fixed effects, grade-specific impacts will be estimated by running the primary ITT specification separately for JSS1 and JSS2 and reporting the two estimates side by side. This avoids relying on interactions that are collinear with the fixed effects structure.
Dosage heterogeneity
As an exploratory extension, we will examine whether dosage effects differ by baseline English comprehension using an IV interaction specification. Specifically, we will interact student dosage with  in the second stage and instrument both dosage and the interaction using classroom assignment and the assignment–by– interaction. These results will be interpreted cautiously given additional assumptions and reduced first-stage strength.
Gender heterogeneity. 
We test whether impacts differ by gender by interacting treatment assignment with an indicator for being female. We estimate the primary ANCOVA specification augmented with the interaction term and report subgroup-specific ITT effects and 95 percent confidence intervals.
Age heterogeneity. 
Given substantial age dispersion within grade in the study context, we test whether impacts differ by student age. To avoid conflating age with grade level, we define an “older” indicator equal to 1 if a student’s age is above the median within their grade (JSS1 or JSS2) at baseline. We estimate the primary ANCOVA specification augmented with the treatment-by-older interaction and report subgroup-specific effects.
Power and minimum detectable effect size
The study was designed as a two-arm cluster randomised controlled trial with randomisation at the classroom level and analysis at the student level. Power calculations assume two-sided testing with α = 0.05 and power = 0.80, equal allocation across arms, 24 classrooms in treatment and 24 classrooms in control, and an average of 30 students per classroom at endline (600 students per arm). 
Intraclass correlation coefficients (ICCs) were estimated using baseline test scores (rescaled with IRT). An unconditional classroom-level ICC of 0.35 was obtained from a random-intercept model with no covariates. When conditioning on school-by-grade fixed effects, the residual within-block ICC dropped to approximately 0.07, indicating that the blocking variables explain the majority of between-classroom variance. Power calculations were therefore conducted using the conditional ICC, with gains from blocking incorporated via the assumed proportion of cluster-level variance explained
Based on the previous parameters, baseline mathematics test, the minimum detectable effect size (MDES) for the primary endline mathematics outcome is 0.257 standard deviations. These power calculations are conservative in the sense that they are based on an endline-only two-sample comparison under clustering; the primary ANCOVA specification includes baseline achievement covariates and is expected to improve precision relative to this benchmark.
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