Research Overview

The research goal is to identify, support, and track students’ proportional
reasoning within and across mathematics problems, investigations, and units.

What is a supervised machine learning rubric that can be used to train computers
to diagnose and track evidence of students’ proportional reasoning from a digital
collaborative platform with an embedded problem-based curriculum?
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Stage 1 Stage 2 Stage 3 Stage 4 Stage 5

e Develop the print
curriculum materials
(CMP4)

e Embed into a digital
student collaborative
platform

¢ Develop a digital
teacher collaboration
platform linked to
student platform

Classroom Testing
of Digital

Collaborative
Platform

e Approximately 30
seventh-grade classes in
six school districts use
the digital platform.

¢ Students generate
mathematical
representations and
explain their reasoning as
they solved problems.

Machine Learning
Model Preparation

and Training

¢ Develop a rubric that
captures students’
proportional reasoning
¢ Integrate teacher
feedback in the rubric
development

¢ Add the SPArrows
feature to show student
reasoning more
explicitly

Machine Learning
Model
Optimization and
Evaluation

e Researchers and
teachers generate
examples for machine to
learn how to apply the
rubric to students’
digital work.

Machine Learning
Model Deployment

¢ Platform provides
students and teachers
with information and
feedback.

¢ Platform supports
students and teachers in
tracking individual
learning over time.

* Platform: The digital collaborative
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Rubric for Proportional Reasoning

Our approach to students” machine learning is supervised, meaning that we ground the

data in desired outcomes that relate to students’ proportional reasoning.

 While proportional reasoning is critically important across different mathematics
strands, grades, and STEM disciplines (Cai & Sun, 2002, Cramer & Post, 1993; Hoyles et
al., 2021; Lamon, 1993, 2007), research on students’ proportional reasoning tend to
show students reliance on rote algorithms to get correct answers without explaining

the reasoning behind these strategies (Ayan-Civak et al., 2023).

Machine Learning Rubric for Proportional Reasoning

Criterion 1:
Student
Approach

The student approaches the contextual problem using
reasoning about (1) Part-to-Part Relationship and (2) Part-
to-Whole (or Whole-to-Part) Relationship

Criterion 2:
Student
Representation

Number Line, Image

Student representations based on their inscriptional
resource used in the digital collaborative platform: Text,
Table, Shapes Graph, Graph, Drawing, Expression,

Criterion 3:
Student
Strategy

Non-Proportional Reasoning

Strategies include (1) Building Up or Down; (2) Scaling Up
or Down without Unit Rates; (3) Scaling Up or Down with
Unit Rates; (4) Other Proportional Reasoning; and (5)

Adapted from Ben-Chaim et al. (1998)

Application of the Rubric

Using Problem-Based Learning Analytics to Investigate Individual and Collaborative Mathematics Learning in a Digital Environment Over Time
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Scaling with Unit Rates

This solution uses the unit rate 3 meters/1 second to set upa
proportion to scale that rate up to 500 meters. The unit 1 second is
uied to extend the relationship to a new value
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An alternative method would be to build up from smaller amounts
{like 3ImAs = édmin2s— Fmin 31 etc) in the table using the Building

Student 12 ;: MSA 1.1 Using Walking R

Explret x Teachers and researchers review
student documents and manually "tag"
student work by placing comments on
documents/tiles where students show

proportional reasoning or strategies.

+ How long would it take you to walk 500 meters?

=3 Henriis walking faster than Emile. | can see from the change from row to row that each row gets Emile 3 times as far so
DO that's Imeters for each 1 unit of time L 5o for 500 meters that's Up or Down strategy. as opposed to using the unit rate directly to
caloulate the hinal time. Would you like to see an example that uses

the Buiiding Up or Down strategy?
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3 Nice work on using the constant rate formuls to figure out how long it
would take Emile to walk 500 meters — your math was acourate, and

2y
{Calculate Emile’s rate.) tsoom = 500

you correctly used his rate of 3 meters per second

One thing to double-check is your comparison between Emile and
,—": Herwi's speeds. You mentioned Henri is faster, but take a closer look
_—~ at the equations: Emile’s rate is 3 m/s and Henri's is 2 m/A leven
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