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Results

In this study, students were divided into two groups, each experiencing two lessons, each with distinct teaching L

methodologies, in consecutive weeks. The first week, group 1 engaged with an Al-supported lesson at home while group 2
participated in an instructor-guided active learning lecture. The conditions were reversed the following week. To establish
baseline knowledge, students from both groups completed a pre-test prior to each lesson—focusing on surface tension in
the first week and fluid flow in the second. Following the lessons, students completed post-tests to measure content
mastery and answered four questions aimed at gauging their learning experience, including engagement, enjoyment,
motivation, and growth mindset. Further details on the study design are provided in the supplemental information.

Learning gains: post-test scores

Learning gains were measured by comparing the post-test scores of the Al group and the active lecture group to the pre-
test scores of the two groups combined. Students in the Al group exhibited a higher median (M) post score (M=4.5,N =
142) compared to those in the active lecture group (M = 3.5, N = 174). The learning gains for students, relative to the pre-test
baseline (M =2.75, N =316), in the Al-tutored group were over double those for students in the active lecture group. We
conducted a two-sample rank-sum (Mann-Whitney) test to compare the distribution of post scores between the two
groups. The analysis revealed a statistically significant difference (z=-5.6, p<10 8. Figure 1 shows mean aggregate
results (week 1 and 2 combined) of the learning gains for the group taught with the active lecture compared to the group
taught with the Al tutor.
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Figure 1. A comparison of mean post-test performance between students taught with the active lecture and students taught
with the Al tutor. Dotted line represents students’ mean baseline knowledge before the lesson (i.e. the pre-test scores of
both groups). Error bars show one standard error of the mean
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Table 1
Linear Regression Model.

Standardized coefficients

| Regression Parameter

Class session (Active lecture =0, Al = 1) 0.63***
Pre-test (z score) 0.18**
Midterm exam score (z-score) 0.09
FCI pre-test (z-score) 0.11
Prior Al Experience -0.15**

Class session topic (Fluids = 0, Surf. tension=1)  0.01

Test version (A versus B) -0.04
Time on task 0.1
Constant 0.12
R? 0.21
RMSE 0.86
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A Human-Al Approach for
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RESEARCH SUMMARY

An Al tool helped math tutors and students
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