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PLUS is an award-winning, hybrid
human-Al tutoring program striving
to double math learning for
middle school students

PLUS is 1 of 7 global teams chosen for
the Learning Engineering Virtual
Institute program
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Challenge: Scaling Up High Impact Tutoring

Middle school math scores are at
their lowest point in decades

Individualized tutoring works, but
less than 1 in 10 students has
access to human tutoring

Math practice software works, but
students don’t use it regularly and
consistently

PLUS
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What features best optimize quality, access, & cost?

Tutor Skill
Level

Tutoring
Strategy
Where

When

Ratio

PLUS

Personalized Learning®

Part-time novice

Support w/Ed-tech
practice

In school remote
Tutor decides,

edtech scheduled

1:1 with rotation

g, saga

EDUCATION

Full-time novice

Showing/telling &
white board practice
support

In school remote

Scheduled

1:4-1:6

Volunteer novice

Homework
support

On-demand
remote

Student decides

1:1

CAR
L=AR

Full-time
experienced

EGI=
ING

White board
practice

In-school

Scheduled

1:4-1:20

... others ...
Part-time
variable

White board
practice support
After-school

Scheduled

1:1-1:20



12 School Partners in 9 districts across PA, CA, WV and MD
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PLUS in Action
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The PLUS Approach

PLUS Tutoring PLUS Training PLUS Toolkit

e Highly skilled remote e Free, research-driven, e Actionable data insights
tutors scenario based lessons from math software

e Dynamic personalized @ Real-time Al-generated e Suggests personalized
tutoring during the feedback interventions

school day



PLUS Training

20+ lessons for tutors
Research-backed - based on SMART
competency framework

Real-time Al Feedback

Free for all organizations

Go to: https://tutors.plus/demo to try a
Demo!



https://tutors.plus/
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Real-time Al feedback to Dialogue-based Tutoring Scenarios

Scenario1
Before we get started, please answer the following questions to help determine what you already know.

Imagine you are a tutor to a student, Aaron, who has a long history of struggling with math. Aaron is not particularly motivated
to learn math. He just finished a math problem adding a 3-digit and 2-digit number and has made a common mistake (shown
below).
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Sample from Reacting to Errors

Question 1 *

1. What exactly would you say to Aaron regarding his mistake, to effectively respond in a way that increases his motivation to learn?

Aaron, you did a terrible job.

%

Al-generated feedback suggests that your response could be improved by providing more indirect feedback and avoiding
explicit mention of the student's mistake. Here is an alternative version of your response that may better support the student:

969 chars remaining

Powered by OpenAl @

Aaron, | really admire the time and energy you're putting into tackling these math problems. Let's look over this one
together. How did you decide to start the problem?

Feedback Helpful Not Helpful Feedback Incorrect

Click here to try a demo yourself!
AIED video - Best Demo Award

Hirunyasiri, D., Thomas, D. R,, Lin, J., Koedinger, K. R., & Aleven, V. (2023) Comparative analysis of GPT-4 and human
graders in evaluating praise given to students in synthetic dialogues. In AIED 2023 Workshop: Towards the Future of
Al-Augmented Human Tutoring in Math Learning. [pdf


https://demofeedbacktool-ec6839a9d214.herokuapp.com/
https://drive.google.com/file/d/1q17ILgEDxDccIpseUgMWGs4OTajhV-l8/view?usp=share_link
https://ceur-ws.org/Vol-3491/paper4.pdf

Goal: Dynamic Tutoring

e Based on students’ motivation &
learning needs, PLUS dynamically
allocates human tutors

e More math edtech usage
= less human intervention needed

e PLUS aims to lower tutoring costs
to <$450/student/year
o Typical: $1500
o Year1:.%$784

Human Tutoring

Al Tutoring

Personalized Learning!
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Prior evidence of impact in after school program

2x Better Learning

RIT points

o N A OO O

Math Test Score Gain

6.8
4.5
3.6
Matched Unmatched Average RtL

Control Control Annual Gain Treatment
(National)

Hybrid tutoring doubled math
learning compared to
demographically matched
students

Effect size: .4 sd
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Improving access:
Two paths to reach more kids in school

1. Teachers as tutors
2. Undergrads as remote tutors zooming into class

Guided by data from Al tutors



Smart Glasses Dashboard for Teachers as Tutors

Teacher wears smart glasses
Sees struggle icons over students in class

“Misusing” the software
(e.g., rapid guessing, abusing hints, gaming-the-system)

“Unproductively” struggling

(e.g., many attempts but low mastery, high frustration)

Struggling

(e.g., lots of errors, but not necessarily unproductive struggle)
Recently doing “very well”

Idle

Holstein, McLaren, & Aleven (2018). Student learning benefits of a
mixed-reality teacher awareness tool in Al-enhanced classrooms.
AIEd Conference.



Shifts teacher attention to
low prior opportunity students

Tutoring Time

Pre-test score



Students learn 3x more math!

¢ Struggle detector dashboard

Test score
\

Pre-test Post-test



Dynamic Tutoring is Enabled by AI Dashboard

Let's use a model to divide 1; by :
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Dividend: 1+

prison: 2
Dwisor: 2

Drag divisor(s) to completely fill a work area the same size as the dividend. The last divisor may go past the end.
)V’J‘—"J'OV’J'—‘U'OVU‘—‘U'OV’J'—‘
V(Aeajcqu Gbﬂv Obqv g© bJ
AAO O nde\AO < ndr\Ao <o nd(\Ao <o

Math Software

CH
(&

Productive ~ Gamingthe
Struggle System

.
P2Y

0 O

Doing Well Slow Start

Unproductive
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» Al Detectors

PLUS

Personalized Leay

@ Learning Insights Dashboard

My Students

Bill Taft

] Geometric Series Convergence
Patterns

Hari Seldon

Geometric Series Convergence
Patterns

Kaya Archer
Geometric Series Convergence
Patterns

Gon Freecs

Dividing Denominators by Prime
Factors

Sam Pellegrino

Dividing Denominators by Prime
Factors

James Hardin

Dividing Denominators by Prime
Factors

Diego Rivera

Dividing Denominators by Prime
Factors

Rick Rubin

Dividing Denominators by Prime
Factors

» Tutor Dashboard




Theory of Change => Evidence of what’s work

{ Human-Al J 5 S [ Increased ] S [ Lesson J S % [ Higher ]

tutoring 1 opportunities 2 completion 3 achievement

Students who do more math in ed tech learn more (link 3)
e Not all students are engaged
e Early evidence: Greater ed tech use predicts higher

Low cost human tutors can increase engagement (link 1)
e Especially when tutors are guided by a dashboard
e Early evidence without dashboard: Increased engagement that could be
better



Early reSUItS from 1St iteration Weekly Average from April 7 - May 22, 2023

B Time spent (min) = Skills proficient

of flying our airplane as we build it! 40 125
30 1.00
Started spring 2023 in 3 schools with ed tech 075
flexibility « 050
o , 10 0.25
e 125 students (73% Latinx) in PA public school -
. 0 0.00
using IXL Control (IXL Only)  IXL + Math Teacher +
e 385 students (50% Latinx) in CA public school PLUS tutoring
using iReady 16

B Before Treatment

L] 75 students (1 00% BIaCk) in PA charter school 3 BN During Treatment
. . 2 0.8
using Mathia g
(=%
-
. . 2 0.6
PLUS tutoring increases engagement &
2 0.4 -
=
%
£ 021
z
. 0.0 -
.E =] Thomas et al (2024). Improving student learning with hybrid human-Al tutoring: <4th 4th Sth 6-8th
Sy A three-study quasi-experimental investigation. Estimated Math Grade Level
ij In Proceedings of Learning Analytics and Knowledge Conference [link Tutoring => students below grade level pass more

lessons in iReady


https://arxiv.org/abs/2312.11274

PLUS
Early results from 2" iteration

of flying our airplane as we build it!

District site & study characteristics, Fall 2023
Student Star Pretest to Posttest Gains (%)

Site 1 (treatment) Site 1 (control)
E Control Treatment
Implementation IXL w/ human tutor IXL only 8
Pre/post diagnostic Star Diagnostic
6
Intervention length 9 weeks
Educational setting inclusion 4

Mean Star Score

Student n size (gr.) 362 students (gr. 6-8) 399 students (gr. 6-8)

2
Students w/ an IEP 27% 28% .
0

General Ed Special Ed

Quasi-experimental comparison across schools:
Treatment school had lower pre-tests than control school

Thomas et al (to appear). The neglected 15%: Positive effects of hybrid human-Al tutoring among students with
disabilities.
To appear in proceedings of Artificial Intelligence in Education Conference. [preprint]



https://osf.io/preprints/edarxiv/y52ew

PLUS

What features best optimize quality, access, & cost?

Tutor Skill
Level

Tutoring
Strategy
Where

When

Ratio

PLUS

Personalized Learning®

Part-time novice

Support w/Ed-tech
practice

In school remote
Tutor decides,

edtech scheduled

1:1 with rotation

g, saga

EDUCATION

Full-time novice

Showing/telling &
white board practice
support

In school remote

Scheduled

1:4-1:6

Volunteer novice

Homework
support

On-demand
remote

Student decides

1:1

CAR
L=AR

Full-time
experienced

EGI=
ING

White board
practice

In-school

Scheduled

1:4-1:20

... others ...
Part-time
variable

White board
practice support
After-school

Scheduled

1:1-1:20



Personalized Learning!

Summary of progress & Al-related challenges

Progress
e Quality: Early evidence that PLUS tutoring increases engagement & learning
outcomes

e Access: Serving ~2700 students in 12 schools, >75% low-income
e Cost: Under $800 per student

e Innovation: Al struggle detectors & dashboard for tutors; Al feedback in tutor training

Challenges

e Can we reduce human scoring in confirming gen Al (LLM) evaluation of tutor actions?
e How can we best identify & define categories of non-ideal tutoring to guide LLM
training?

o Use https://education.asu.edu/HighlmpactTutoring? Other resources?
e How to efficiently implement dashboard-driven tutoring with IXL, iReady, etc.?


https://education.asu.edu/HighImpactTutoring

Thank You!

Prof. Ken Koedinger, Founder (koedinger@cmu.edu)

Shivang Gupta, Head of Product (shivang@cmu.edu)

http://tutors.plus

PLUS  idiog©

Persona lized Learning? UniVerSitV


http://tutors.plus

