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Towards a More Equitable Classroom

e Millions of students take introductory statistics, math and
other gateway STEM courses every year.

° Low-income students and students of color in these
courses are more likely to have:

o  Had at least two years of high school taught largely
online

o Had less access to broadband internet connections
and unshared computing devices compared to their
more affluent peers

o  Responsibilities outside the classroom (job, family
care)

o Experiences of mental and physical health challenges

Consequently, instructors need to pay particular attention to their learning needs

and behavioral, cognitive, and affective/emotional engagement . Digital
® Promise



Some Things We've Learned

College instructors are not accustomed to adapting their practice in
response to learner variability.

When asked what they do to better serve particular historically and
systemically excluded student groups, instructors often respond | try to
make my course as good as possible for all students.”

Courseware products claim to personalize instruction, addressing needs
of different kinds of learners. But that is not necessarily how they are

experienced by students.

Instructors rarely have access to, or examine, data of the engagement
and learning outcomes for different kinds of students.

Digital
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Course DFW Rates Are Unacceptably High

Introductory Statistics General Chemistry |

Student Low Income Higher Student Low Income Higher
Race/ (Pell Eligible) Income Race/ (Pell Eligible) Income
Ethnicity (Not Pell Ethnicity (Not Pell

Eligible) Eligible)
Asian 23% 22% Asian 21% 21%
Hispanic 34% 31% Hispanic 34% 30%
White 27% White 26%
Black Black

Source: Analysis of 2018-2019 National Student Clearinghouse Postsecondary Data Partnership data by Digital Promise



Gates Foundation Rationale for Investing in
Exemplar Courseware and Associated Research

20 gateway courses generate about
half of all undergraduate
enrollments.

There are systemic differences in
course DFW rates by race/ ethnicity
and family income level.

Available courseware products do
not fully capitalize on what is known
about how to support student
learning.

First-Year Gateway Course DFW Rates, by Race/Ethnicity**
60% ;—.T

Chemistry

40%

20%

0%

Calculus
@ African American @ Hispanic @ White

Accounting

Notes: DFW (Drop, Fail, Withdraw) rates completed from a mix of 36 different types of
post-secondary institutions. Sources: National Student Clearinghouse, Pell Institute,
NCAT, Gardener Institute, Tyto Partners analysis

Last updated: February 1, 2022



The Foundation’'s Theory of Action

Il

Current State
More than a third of Black, Latine, and low-income undergraduates
enrolled in Introductory Statistics do not earn credit for the course.
Action Outputs Outcomes Long-Term Outcomes
(o N\ /Increased student g N\ 4 Low-income a”d\
Statistics instructors engagement Higher proportions BIPOC students earn
implement of low-income and more credits for the
courseware academic term
: Better student BIPOC students
designed to meet ‘ X ‘ ‘
the needs of low- learning garntrc; O,:J rse lif Higher proportions of
income and BIPOC , relolsts UEL (¢ el low-income and
students Higher student for credit towards BIPOC students
K / K grades / K their degree j persist in their

K college studies j
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Ongoing Digital Promise Research

With support from the Bill & Melinda Gates Foundation, Digital Promise is conducting research
on the implementation and efficacy of two new courseware products designed explicitly to
support the needs of low-income and BIPOC students:

Introduction to Statistics by Lumen Learning = LUN\EM eamine

REAL- CHEM REAL Chem for General Chemistry | and Il by ASU+CMU

Atomic foundations of the real world

These exemplar products are intended to address needs of historically and systemically
marginalized learners both

« directly, through their content and practice opportunities, and

 indirectly, by giving faculty data and tools that encourage and support evidence-based
teaching practices.



Evidence-Based Teaching Practices

Active Learning « Support for Metacognition
and Self-Regulated Learning

Collaborative Active Learning
* Instructional Transparency

Formative Assessment

Fostering a Sense of Belonging
through an Inclusive Learning
Environment

Data-Informed Instruction

0 ®
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Our Statistics Research

STATS

Statistics Teaching and
Technology Studies

We're conducting a multi-year project to study statistics
teaching practices and courseware that advance racial and
socioeconomic equity, particularly prioritizing low-income
students and those who identify as Black or Latine.

Our first cohort of participating statistics faculty, drawn from
across the country, is helping us investigate the student
outcomes associated with different ways of implementing
the new courseware from Lumen Learning.

Our next cohort of faculty partners will help us determine
whether the new courseware achieves its goals for student
outcomes.

Digital
Promise’



Lumen One
Introduction to
Statistics

Courseware

B

LUN\en LEARNING




Lumen One Courseware Supports for EBT Practices

Learn It

H H Videos, readi d practice questions to help you understand th t
Actlv.e Iear:nlng and g N t:io:tozfc. Ngs ana practice questions 1o help you unaerstan € core concepts
practice with feedback

\ 4

Apply It

;g Practice questions and videos to build on what you've learned and bring key
concepts together.

Sense of belonging,
collaborative learning,

and metacognition @

* You

Self Check

Answer these questions to check how you're doing. Take it as many times as you
need.

ChooseYour Own Dataset

Use of data to inform
instruction

Choose Your Own Dataset

For this problem, you'll create a frequency table and bar graph or pie chart using a dataset of your choosing.

Choose a Dataset a
Who Owns the Business? 3 Statistical Tool
Show Resarvation Housshold Slze Use the Describing and Exploring Categorical Data tool

Scammer Alert Follow these steps:
STEP 1: Select the “Two Categorical Variables” tab.

STEP 2: Locate the dropdown under “Enter Data and
select “Contigency Table”.

STEP 3: For a Stacked Bar Chart, scroll down to
“Options for Barchart” and select the “Stacked Barchart”
option.

LUM\EN crrnine




Lumen One Courseware Supports for EBT Practices

VVVVVVV

Active learning and
practice with feedback

Sense of belonging,
collaborative learning
and metacognition

ling Techniques and Explain Bias in Sampling

Dr. Aris Winger

Use of data to inform 2.2 Conduct di gent
instruction sampling techniques

and explain bias
atch on [ YouTube Sam lin
Stuff Not Making Sense? . P g

2 Other students might be wondering about the same things as
O you. Visit the Lumen Community to ask questions, give answers,
n B or share ideas.

Visit Lumen Community

LUM\EN crrnine



Lumen One Courseware Supports for EBT Practices

Time Sensitive Interventions = whatshis?

Active learning and
practice with feedback

View 26 Interventions

Vic

Elijah Victorious Clark Jr.

You can make a difference by
reaching out to Vic.

33% Self Check 58% First Qulz
Participation Low Score
Vic is struggling with:

+ Means and Medians as Measures of Center
+ Measures of Variability

Sense of belonging,
collaborative learning,
and metacognition

Dismiss Intervention

+ Boxplot Data and Displays

Automated Messages = whatst
Help Gabe Garcia
o missed uestons o 2 Ouicomes

Use of data to inform
instruction

6 Nice Work emails sent
Scored i well on quizze s

c Automated Messages are ON

Office Hours Invitation

From

 } =

Body

LUM\EN crrnine




Our Chemistry Research

f

©

QChemCORE

Chemistry Courseware Outcomes
Research and Evaluation

This project will examine implementation of REAL
CHEM courseware that emphasizes the relevance
of chemistry to students’ lives and chemistry as a

process of exploration and investigation.

We are working with chemistry faculty to
understand teaching and learning in Gen Chem |
and how instructional practices and student
outcomes do or do not change when the REAL
CHEM courseware developed by ASU and CMU is
integrated into the course.

Digital
Promise’
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Relevant, Engaging, Active Learning

Introduction to REAL CHEM ~

Clarice Phelps

OAK RIDGE NATIONAL LAB




R.E.A.L. Chemistry

Pre-Class

The Foundation material conveys core concepts, motivating and engaging with best-in-class content,
video, and a variety of rich activities that provide thoughtful scaffolding and targeted, adaptive,
formative feedback. Students are prepared for more collaborative, focused learning in the classroom.

Outlier

LY -

Interactive and engaging media spark
and sustain motivation.

ASU-CMU Exemplar Chemistry

Formula Mass

Formula Mass of Molecular Compounds

(Y -]

An embedded system for discussion,

annotation, and collaboration fosters
peer-learning.

€€

Learn by doing

Bank

1 mol Al,03 4mol AlpO3
1 mol NH,ClO,
385gNHCI0, X X

117,58 NH,CIO;

Correct! The first step is to convert
from g NH,ClO, to mol NH,CIO,.

x

The mol unit belongs in the numerator.

LY -

Learn-by-doing activities provide
detailed guiding feedback, scaffolded
to support difficult concepts.

19



R.E.A.L. Chemistry v

In Class

Focused Instruction

Class activities concentrate
on areas in which students
are struggling. Instructors
are provided Focus
activities that help
instructors shift from
lecture to student-centered
active learning, guided by

Chemistry 101 | S

E==
. . . ——_ =
detailed information about A S - Instructors are given carefully curated in-
student participation and - E—— class activities, including OER resources.
roaress in ore-class B - Guidance from DEI experts and experienced
P _g. _ P © o % - instructors helps ensure inclusive and
activities. mEm  effective classroom integration.

Analytics and embedded professional
development guide classroom practice.

ASU-CMU Exemplar Chemistry 20



Questions Addressed in Our Research

STATS

Statistics Teaching and
Technology Studies

Key Research Questions

* What is the impact of Lumen One
Statistics courseware on student
engagement, learning and
achievement, particularly for Black,
Latine, and low-income students?

* Does this equity-focused courseware
with embedded instructional supports
lead to greater use of evidence-based
teaching practices (such as active
learning)? And if so, how?

afChemCORE

0 Chemistry Courseware Outcomes
Research and Evaluation

Key Research Questions

What are the experiences of faculty and
students (especially Black, Latine and
low-income students) while using the
courseware?

What conditions and characteristics are
associated with differences in how
faculty and students use the
courseware? (e.g., type of institution,
instructional context, professional
learning resources, instructor profile,
student background) Digital
Promise’



Evidence-Based Teaching Practices

Active Learning e Support for Metacognition
and Self-Regulated Learning

Collaborative Active Learning

 Formative Assessment * Data-Informed Instruction

* Instructional Transparency

0 ®
@50
o = o

* Fostering a Sense of Belonging
through an Inclusive Learning
Environment

Building on Prior Knowledge




Research on the Impact of Practices Encouraging Active
Learning

e Freeman et al. (2014) meta-analysis of 158 studies found that compared to
classes taught in lecture format, classes using more active forms of
instruction resulted in higher examination scores by an average of 6
percentile points (effect size of +0.47).

e Across 68 studies, Freeman et al. found that students in classes with
traditional lecturing were 1.5 times more likely to fail than those in classes
with more active forms of instruction.

e Meta-analytic work by Theobold et al. (2020) found that active learning (non-
lecture) practices narrowed differences between minoritized groups and
non-minoritized groups in terms of STEM course examination scores by
33% and narrowed differences in STEM course passing rates by 45%.

I Digital
» Promise’



We Measured Proportion of Class Time Teacher Spends
Talking as Proxy for Lecture (Non-Active) Learning

Instructor 1

Instructor 2

TeachFX

Instructor Self-Report

83%

0 25 50 75 100
Proportion Observed 2-Minute Intervals Coded as Instructor Lecture

13%

0 25 50 75 100
Average Proportion of Class Time

15% 13% 9%

0 25 50 75 100
Average Proportion of Class Time

Proportion of Observed 2-Minute Intervals
Coded as Instructor Lecture

. Teacher Talk
. Student Talk

B silence

B Group Talk

. Delivering lectures or leading discussion

. Facilitating INDIVIDUAL problem-solving activities

. Assessing students' knowledge (e.g., quizzes, exams)
. Facilitating GROUP problem-solving activities

[ other
Digital
% Promise



Proportion of Class Time Teacher Spends Talking in Courses
Without Courseware Appears to Be Nearly Two-Thirds

. Teacher Talk

Statistics o 0 ° 0 I student Talk
(n = 39 TeachFX Recordings) 65% 5% 28% P B silence
. Group Talk

0 25 50 75 100
Average Proportion of Class Time

B Teacher Talkk

Chemistry o [ student Talk
(n = 51 TeachFX Recordings) 64% 13% 16% 8% M sience

. Group Talk

0 25 50 75 100
Average Proportion of Class Time



Teacher Talk Time is Lower in Courseware-Using Classes

Proportion of Class Time

801

601

401

201

-14%
65%

» We analyzed TeachFX recordings for
164 class sessions (taught by 23
different instructors).

» Classes of instructors using courseware
had more Student talk and Group talk
and less Teacher talk

I No Courseware (n = 8)
Courseware (n = 15)

51%
28%
+109
0% +9% 22%
A’/n
12%
0,
5% 39,
] L
Student Talk Teacher Talk Group Talk

Silence .. I?rlg:‘tnalge

]



Relationship Between Teacher Time Talking and

Student Learning

e The average proportion of Teacher
Talk time was calculated for each
instructor, with percentages
ranging from 23% to 85%.

e The average student score on
courseware quizzes was computed
for each instructor’s class (average
number of quizzes completed
ranged from ~5 to ~12).

e The relationship between
proportion of Teacher Talk and
student learning is moderately
strong (r =-0.44) for these 13
statistics instructors.

Average Lumen One Quiz Score

1001
[~ el — — .
75 Tt e o®
~.‘.~ .’ -_ @
H - -
50 =
°
251
0.
0 25 50 75 100

Proportion of Class as Teacher Talk
(n = 13 instructors)

Three instructors were removed from the analytic sample; one was in an online asynchronous class
with no Teacher Talk time and two had an average of 1 or fewer quiz scores in the platform.



Student Reports of Other Evidence-Based Teaching Practices

Statistics -
With Courseware

Statistics - Chemistry -
Business as Usual Business as Usual

Fostering a Sense of Belonging through

. : : 68% 25%
an Inclusive Learning Environment

Building on Prior Knowledge 63%

Collaborative Active Learning 25%

Data-Informed Instruction 63%

Formative Assessment 13%

Support for Metacognition and Self-

0,
Regulated Learning 63%

Instructional Transparency




Student Reports of Other Evidence-Based Teaching Practices

. - Instructional T -
e The majority of the Statistics non- netructional fransparency

CW instructors came from different
semesters and different Support for Metacognition and.
. o \ Self-Regulated Learning
institutions. They and their

students are not necessarily
equivalent to the courseware-using
instructors and students.

‘ Formative Assessment

B statistics Without Courseware
B Chemistry Without Courseware
Statistics With Courseware

. Data-Informed Instruction 1
e However, these results point to

important trends between
courseware-using and non- Collaborative Active Learning{
courseware using classrooms.

Building on Prior Knowledge 1

LBkl

Fostering a Sense of Belonging through |
an Inclusive Learning Environment

25 50 75 100 Digital
Percentage of Instructors Enacting | | Promise
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Relationship Between Evidence-Based Teaching Practices and
Student Learning in Courseware-Using Classes

(]

e |Instructors enacted between 3 8
16 and 27 of the 27 EBT N
components measured on the 2 °
student survey. @4 °

. S 3 s

e Students in 12 classes took o ° Phe
an assessment of conceptual = 2 e ® -
knowledge at the start and the § 1 P
end of the course. Average @ - ¢ °
student gain score Vlvas (_(‘; 0- o Chanes i Soore from Bres o Pt T o OO PPPPP PO
calculated for each instructor. £ -

S 1 - ’. [

e The relationship between EBT & . -7 °
practice use and change in © - :
Conceptual Understanding is Number of EBT's Enacted
moderately strong (r = 0.46) (n = 12 instructors)

for these instructors.
Digital
.' Promise



Relationship Between Evidence-Based Teaching Practices and
Student Learning in Courseware-Using Classes

e Instructors enacted between
16 and 27 of the 27 EBT
components measured on the
student survey.

e Students completed a 9-item
measure on affective
engagement. Averages for
each instructor were then
calculated.

e The relationship between EBT
practice use and student
Affective Engagement is
moderately strong (r = 0. 59)
for these 19 statistics
instructors.

Class-Level Affective Engagement

Number of EBT's Enacted

(n = 16 instructors)

Digital
.' Prgmise‘“’



Student Responses to the Courseware

Now that ... we're more than halfway into the course, | don't
really doubt myself [any more] ... | think | find it very
interesting, which makes it easier for me to learn, when | find
something interesting about it.

... they use real life examples. That makes sense too. It helps give
me an idea on where | can apply statistics, like, | never thought |
can apply statistics to animal adoptions and breed size.

Statistics Teaching and
Technology Studies




Still to Learn

* Does implementing exemplar courseware along with evidence-based
teaching practices lead to significant benefits for low-income, Black, and
Latine students? In terms of:

o Affective engagement (Liking, Valuing, Expectation of Success)
o Behavioral engagement (attending class, doing readings,

o Learning

o Course grade

* What instructor practices provide the most value in terms of enhancing
these outcomes?

Digital
.' Prcg)mise*'



Research Design

Research Participation Terms
Fall2024  Spring 2025  Fall 2025

Use Courseware Use Courseware Use Courseware

Immediate CW
Implementation

Intro Statistics
Instructors
volunteer to be
in the research

Selection of
Condition

Delayed CW —> BEEIERVEIE] Teach as Usual Use Courseware
Implementation




Research Design

Research Participation Terms
Fall2024  Spring 2025  Fall 2025

Use Courseware Use Courseware Use Courseware

Immediate CW
Implementation

Intro Statistics
Instructors
volunteer to be
in the research

Selection of
Condition

Delayed CW —> BEEIERVEIE] Teach as Usual Use Courseware
Implementation




Research Design

Research Participation Terms

Use Courseware Use Courseware Use Courseware
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Interested in Trying Out These Courseware-
Supported Practices in Your Courses?

JOIN US!

Digital
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STAT

Email Follow QR Code

epressler@digitalpromise.org

Statistics Teaching
and Technology Studies



mailto:epressler@digitalpromise.org

@fChemCORE

Chemistry Courseware Outcomes
~  Research and Evaluation

REAL Chem Demo Videos Research Participation
from ASU/CMU Interest Form

Email guillermo@digitalpromise.org
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