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Abstract

This study examines whether teachers’ content adaptations to middle school math curricula align with
mathematical learning progressions and explores their motivations for adaptation. This study originates
from a concern that as teachers make adaptations to their lessons, they may make adaptations that move
students away from the intended learning goal. Using a mixed-methods approach, we found that teachers
were more likely to make productive over nonproductive adaptations. Teachers who made productive
adaptations were more likely to consider learning progressions and adapt lessons to below-grade-level
content. Teachers who made nonproductive adaptations were more likely to adapt lessons to on-grade-
level content while delivering the lesson. Our findings suggest that districts should consider curricula and
professional learning that intentionally highlight mathematical learning progressions.
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When Teachers Deviate from Curricula, Do They Make Productive
Adaptations?

The Analysis of Middle School Math Systems (AMS) project is a mixed-methods study that explores the
enabling and disabling conditions under which teachers adopt, adapt, and enact middle school
mathematics curricula. The AMS project is part of a larger set of investments, funded by the Bill & Melinda
Gates Foundation, intended to help students who are Black, Latino, multilingual learners, and those
experiencing poverty succeed in mathematics. Situated within the AMS project, this paper explores the
extent to which teachers’ content adaptations® align with, or deviate from, mathematical learning
progressions, as well as how and why teachers adapt and enact middle school mathematics curricula.

The curriculum teachers use heavily influences the content students experience and learn (Stein, 2007).
Currently, the education field invests billions of dollars annually in instructional materials (NCES, 2021),
which reflects the crucial influence these materials have on student learning (Squires, 2012; Parrish & Bryd,
2022; Whitehurst, 2009; Agodini et al., 2013; Agodini & Harris, 2010). Because previous research has
demonstrated that mathematical curricula must be more focused and coherent (Common Core State
Standards Initiative, n.d.), there has been a push to develop and publish curricula that are aligned with the
Common Core State Standards for Mathematics (CCSSM; EdReports, 2023), especially because standards
alignment is often used as a signal of high-quality materials (EdReports, 2023).

Even when teachers have access to standards-aligned curricula, there is little evidence that they use
curricula as intended (Confrey, 2019). Moreover, teachers face a constant dilemma between enacting
grade-level expectations that are embedded in curriculum standards and meeting students’ learning
needs when some or all of their students may not be ready for grade-level expectations (Confrey, 2019).
To meet their students’ needs, teachers often make adaptations to the content of the lessons. These
adaptations, however, may not take into consideration the mathematical learning progressions that
underpin the standards on which curricula are constructed. A concern is that teachers will move students
away from the intended mathematical goal when making these adaptations. Thus, we need to investigate
how teachers use, adapt, and deliver curriculum to students to better understand the extent to which the
adaptations teachers make follow mathematical learning progressions.

Literature Review

Mathematical learning progressions

The idea of learning progressions that focus on children’s development of content knowledge over time
parallels other constructs, such as spiraling curriculum, developmental corridors, and cognitively guided
instruction (Duncan, 2009). It builds on Carol et al.'s (2006) definition that "learning progressions [are]
descriptions of successively more sophisticated ways of reasoning within a content domain based on
research syntheses and conceptual analyses.” Battista (2010) connected the idea to student learning,
identifying that a student’'s mathematical sensemaking ultimately depends on instruction grounded in

' This sub-study focuses on content adaptations—as measured by the Common Core State Standards for
Mathematics—rather than adaptations serving other purposes, such as adapting lessons to be more culturally
responsive or translating content for English learners.

Mathematica® Inc.



Mathematical Learning Progressions A study of teachers’ content adaptations and alignment with mathematical learning
progressions

research-based learning progressions. Clements’s and Sarama’s (2011) learning progressions—or
developmental progressions as they called them—are defined as “...levels of thinking, each more
sophisticated than the last, through which children develop on their way to achieving the math goal. The
developmental progression describes a typical path that children follow in developing an understanding
and skill about that math topic” (Clements & Sarama, 2021, p. 4). Clements’s and Sarama'’s developmental
progressions were used as a foundation for the CCSSM as an attempt to weave together coherent
progressions—rather than just assemble math topics—to help students learn mathematics at a deeper
level (Zimba, 2013).

Once developed, researchers like Maloney (2013) and Confrey (2019) identified content-focused
mathematical learning progressions within the CCSSM, based on research on children’s cognitive
development and the structure of mathematics (Maloney, 2013; Student Achievement Partners, 2013), to
describe how standards connect across and within each grade level. Their mathematical learning
progressions, as representations of the CCSSM, provide coherence among the standards and support
teachers in planning and delivering instruction across grade levels (Confrey & Maloney, 2014). This effort
has been key to creating higher-quality curricula aligned with the CCSSM that influence student learning
(EdReports, 2023).

We define mathematical learning progressions as the clusters of knowledge that identify pathways
students follow as they develop more sophisticated ways of reasoning about content in mathematical
domains within and spanning across grade bands (Achieve the Core, n.d.; Zimba, 2013). Our definition
stems from those above and Zimba's “coherent bodies of knowledge,” or “... [how] standards progress
from each other, coordinate with each other and most importantly cluster together into coherent bodies
of knowledge” (p. 22).

In this study, we consider whether teachers’ adaptations align with, or deviate from, the 18 mathematical
learning progressions identified within the CCSS (Maloney, 2013; Student Achievement Partners, 2013).
We can visualize mathematical learning progressions using the Coherence Map (Achieve the Core, n.d.),
which is based on Dr. Jason Zimba's Graph of the Content Standards (Zimba, 2013). In Exhibit 1, we
provide an example aligned with 7th grade, showing how standards connect within and across grades
following the mathematical learning progressions. Each color represents a mathematical learning
progression. For example, the green boxes and arrows represent the middle school standards within the
Early Equations and Expressions learning progression (Maloney, 2013).
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Exhibit 1. Seventh-grade mathematical learning progressions

6TH GRADE
STANDARDS 7TH GRADE 8TH GRADE
AND BELOW STANDARDS STANDARDS

Integers, Number Lines, and
Coordinate Planes and Rational
and Irrational Numbers

Linear and Simultaneous
Functions

Early Equations and
Expressions

Length, Area, and Volume and
Triangles and Transformations

¥ococ)

Ratio and Proportion, and
Percents

' Chance and Probability

Variation, Distribution,
and Modeling

Adapted from the Coherence Map (Achieve the Core, n.d.), Graph of the Content Standards (Zimba, 2013), and Maloney (2013).
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Adaptations from intended to planned to delivered content standards

Research has shown that teachers do adapt their curriculum, primarily by supplementing, adding, or
replacing certain components to meet students’ needs (Drake & Sherin, 2009; Hayden et al., 2023). When
surveyed for the AMS project, most teachers indicated they make adaptations to at least half of their
lessons each week by either augmenting existing content or changing the way it is delivered to meet the
students’ diverse learning needs.

When teachers choose to make adaptations to their curriculum, they may not know how to maintain
alignment with mathematical learning progressions within each lesson (Boesen et. al, 2014). Instead,
teachers may adapt lessons, or specific tasks within a lesson, to meet their students’ needs, local or state
mandates, or—based on their preferences without considering the standards—curriculum aims and
objectives (Choppin et al., 2020; Cirillo et al.,, 2009). These adaptations may be based on their experiences
with mathematics, early memories of learning mathematics, their current self-perceptions as mathematics
learners, or their mathematical knowledge (Drake & Sherin, 2006).

There is limited evidence to inform whether teachers consider mathematical learning progressions when
they choose to make adaptations (Hess, 2012). To understand this, we need to know several things: which
standards curriculum developers intend for the materials in a lesson to address, which standards teachers
plan to address in a lesson, and which standards teachers actually address while they deliver a lesson. We
define (1) intended standards for a specific lesson as the standards identified in the materials districts
purchase from product developers (Hill et al., 2008); (2) planned standards as those the teacher plans to
focus on as they prepare the lesson (Turner et al., 2019); and (3) delivered standards as those observed
while the teacher delivers their lesson (Drake & Sherin, 2060). These definitions stem from the AMS
project’s theory of action and are visualized in Exhibit 2. Because a teacher’s adaptations in a lesson will
have an impact on students’ experiences and achievement (Konstantinou-Katzi, 2012) and because
mathematical learning progressions are based on research on children’s cognitive development and the
structure of mathematics (Student Achievement Partners, 2013), the field would benefit from
understanding the extent to which teachers’ adaptations align with mathematical learning progressions in
the CCSSM.

Exhibit 2. Intended, planned, and delivered standards

Intended Planned Delivered
standards standards standards
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Productive and nonproductive adaptations

In Exhibit 3, we provide an example of the Length, Area, and Volume learning progression (Maloney, 2013).
Red boxes indicate 5th-grade standards, yellow boxes indicate 6th-grade standards, teal boxes indicate
7th-grade standards, and blue boxes indicate 8th-grade standards. Arrows indicate prerequisite content
standards within the learning progression—that is, standards students need to demonstrate before
progressing to the subsequent standard. For example, students need to know the formula for a circle’s
area (7.G.B.6) before knowing the formula for the volume of a cone (8.G.C.9).

When a teacher makes a productive adaptation, they adjust the content of a lesson while maintaining
alignment along the mathematical learning progressions the standards are built upon. Using Exhibit 3 as
an illustration, a teacher may plan to cover 7.G.B.4 during the lesson but may adapt the content to
address 6.G.A.2 while delivering the lesson because their students have not mastered that prerequisite
content yet. This adaptation would be productive because it follows the mathematical learning
progression.

However, if a teacher adjusts the content of a lesson such that they deviate from a mathematical learning
progression, we would say the teacher made a nonproductive adaptation. In Exhibit 3, if a teacher
planned to cover 7.G.B.6 but adjusted during the lesson to cover standard 7.EE.A.2, rewriting expressions
to understand how quantities are related, we would say the teacher made a nonproductive adaptation
because 7.EE.A.2 is not on the Length, Area, and Volume learning progression.

Exhibit 3. Length, area, and volume learning progression

(5.MD.C.4:)

Measure volumes
by counting unit
cubes, using cubic

cm, in, and ft

Find the area of Find the volume of
|, right tri.:.-mgles, -, a r‘ight r(.-:hctangular B
5.MD.C.5: othe!' trlanglgs, prism with
— special quadrilater- fractional edge
Relate volume to als, and polygons lengths (8.G.c.9:)

multiplication
and addition and

solve problems _
6.G.A.4: cones, cylinders,

Represent 3-D and spheres and

know the formulas

for volumes of

figures using solve problems
nets and find the
surface area of

these figures

05th Grade 06th Grade #87th Grade 08th Grade

We know that mathematical learning progressions are evidence-based pathways that build student’s
understanding of math topics (Maloney 2013; Confrey, 2019). We have a concern that as teachers make
adaptations to their lessons, they do not consider mathematical learning progressions and make
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adaptations that move students away from the intended mathematical goal. Thus, it is imperative to
understand whether teachers consider the content standards and mathematical learning progressions
when making adaptations. Moreover, how and why teachers decide to adapt their lessons has implications
for both curriculum design and professional learning.

In this study, we explore the following research questions:

1. Do teachers make productive adaptations to their lessons?
2. How often are teachers’ adaptations below, on, or above grade level?

3. How do teachers describe their adaptations and their motivation for doing so?

Methods

Data sources for this report include (1) audio- or video-recorded classroom observations, (2) teacher
interviews, (3) lesson plans and instructional materials provided by teachers, and (4) published lessons
from six middle school math curricula. In this section, we describe these data sources and the methods we
used to analyze them.

Data sources

Our study’s sample included 37 teachers from 14 middle schools in four geographically dispersed urban
school districts. For each teacher, we audio- or video-recorded one or two lessons during each of the two
study years, resulting in 85 classroom observations. We also interviewed teachers after one of their
observed lessons each year to understand how and why they made adaptations. The interviews also
included questions designed to capture teachers’ thinking beyond the lesson observed (for example,
about culturally responsive teaching, their curriculum, and so on). In total, we conducted 46 interviews—
16 teachers only in Year 1, 12 teachers only in Year 2, and 9 teachers in both Year 1 and Year 2.

As part of the study, teachers also provided the lesson plan and instructional materials associated with the
classroom lesson we observed. We were unable to collect these for 17 observed lessons, resulting in a
sample of lesson plans and instructional materials from 68 observed lessons. Finally, we identified the
associated curriculum materials for each classroom observation, resulting in 85 published lessons across
the six study curricula.

Identifying standards

To identify intended, planned, and delivered standards, we reviewed, respectively, the published
curriculum materials identified as the basis for the lesson; the associated lesson plans and instructional
materials teachers provided; and each classroom observation. For the intended standards, a coder
reviewed the associated published curriculum for each classroom observation (as named by teachers in
their interviews) and identified the content standards listed in the materials for each observed lesson. For
the planned standards, a coder reviewed the teacher-provided lesson plans and instructional materials to
identify the content standards the teacher listed in these materials. If the teacher did not list the content
standards, two coders reviewed the materials and agreed on the planned standard. Finally, to identify the
delivered standards, two coders watched or listened to each classroom observation to identify the content
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standard delivered during the lesson. For any observation where these two coders did not agree on a
coded standard, a third coder reviewed it and the three came to a consensus?.

Methods for research question 1: Do teachers make productive adaptations to
their lessons?

To answer our first research question, we conducted a descriptive analysis to examine whether there was
any variation between the standards and whether the variation was aligned with a mathematical learning
progression. We followed the process described below and visually depicted in Exhibit 4.

Exhibit 4. Identifying how a lesson was adapted

STEP 1
Did the
standards vary?
STEP 2
No adaptation How did
they vary?
(ADDED STANDARD(S) REMOVED STANDARD(S) ( DIFFERENT STANDARD[S))
STEP 3
Did the teacher Did the teacher

modify the meodify the

curriculum? curriculum?
STEP 4

No adaptation Did the adaptaion Did the adaptaion Did the adaptaion
follow mathematical follow mathematical follow mathematical
learning progressions? learning progressions? learning progressions?

Nonproductive Productive Nonproductive Productive Nonproductive Productive

o Step 1: Did the standards vary? If there was no variation between the intended and planned
standards, the planned and delivered standards, or the intended and delivered standards, we identified
the lesson as not being adapted. If there was a variation, we moved to Step 2.

o Step 2: If the standards did vary, how did they vary? That is, was a standard added or removed, or
were there different standards? If a standard was added or removed, we moved to Step 3, and if there
were different standards, we would move to Step 4.

e Step 3: Did the teacher modify the curriculum? That is, did the teacher alter the content of the
curriculum in some way that resulted in different mathematical tasks, questions, or problems?? If not,
we would identify the curriculum as not being adapted. If yes, we would move to Step 4.

2 We identified elementary and middle school content standards covering numbers and operations—fractions;
numbers and operations—in base ten; operations and algebraic thinking; ratios and proportional relationships; the
number system; expressions and equations; geometry; and statistics and probability.

3 For example, the curriculum identified two standards whereas the teacher only identified one in their planning even
though their lesson plan directly aligned with the curriculum. In delivering the lesson, the teacher followed the
curriculum as it was intended, so we identified the lesson as not being adapted. This occurred for five lessons. In two
other lessons, the teacher either removed or replaced a problem such that a standard was removed.
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¢ Step 4: Did the adaptation follow mathematical learning progressions?

To identify whether variations in standards followed mathematical learning progressions, we assessed
whether standards were connected along the pathways identified in the Coherence Map (Achieve the
Core, n.d,; Zimba, 2013). If they were connected, we identified the adaptation as productive; if they were
not connected, we identified the adaptation as nonproductive. This resulted in identifying if a lesson was
adapted and if so, whether the adaptation was productive or nonproductive for each of our 85 classroom
observations.

When teachers make adaptations, they choose to do so either while planning or delivering a lesson.
Exhibit 5 depicts how we identified whether teachers adapted their lesson while planning or delivering a
lesson. We identified lessons teachers adapted while planning when there was a difference between the
intended and planned standards. We identified lessons teachers adapted while delivering a lesson when
there was a difference between the planned and delivered standards or when the teacher did not provide
a lesson plan.4 between the intended and delivered standard(s). We identified lessons teachers adapted
while planning and delivering (that is, both) when there was a difference between the intended and
planned standards as well as between the planned and delivered standards.”

Exhibit 5. Identifying when teachers made adaptations to lessons
INTENDED

Planning

a lesson

Delivering
a lesson

Planning
and delivering
a lesson

Delivering DELIVERED

a lesson

Methods for research question 2: How often are teacher’s adaptations below, on,
or above grade level?

In answering our second research question, we only considered lessons in which teachers made
adaptations. For these lessons, we identified each standard’s grade level to understand if the variation in
the standards was to higher, lower, or the same grade-level content. To exemplify this, if the intended
standard was 7.NS.A.2 and the delivered standard was 6.NS.A.1, the adaptation would be to a lower grade

4 Seven productive and four nonproductive adaptations were coded as occurring while teachers delivered a lesson
because the teachers did not provide lesson plans. Thus, we could not assess if adaptations were made during the
planning process.

> In our sample, teachers adapted three lessons while both planning and delivering a lesson (two of the adaptations
were productive and one was nonproductive). In each of these lessons, the differences between the intended and
planned and planned and enacted standards were either both productive or both nonproductive.
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level; if the intended standard was 7.NS.A.2 and the delivered standard was 7.NS.A.1, the adaptation
would be to the same grade level; and, if the intended standard was 7.NS.A.1 and the delivered standard
was 8.NS.A.1, the adaptation would be to a higher grade level.

Methods for research question 3: How do teachers describe their adaptations and
their motivation for doing so?

To answer our third research question, we analyzed 21 interviews from the subset of teachers who made
both productive and nonproductive adaptations to their lessons. We conducted a qualitative analysis
using a priori coding to identify how and why teachers made adaptations. In Exhibit 6, we list the a priori
codes for how teachers made adaptations with example quotes from the teacher interviews. In Exhibit 7,
we list the a priori codes for why teachers made adaptations with example quotes from the teacher

interviews.

Exhibit 6. Descriptions and quotes of the a priori codes for how teachers made adaptations

Code | Descripton | Quote |

Remove Removing mathematical tasks, questions, |“l took out some of the questions that could have
content or problems tricked them, like fractions or negatives.”

Substitute Replacing mathematical tasks, questions, | “lllustrative [Math] doesn't have a lot of practice, |
content or problems with other tasks, questions, or | referred back to our old curriculum, which was Big

problems from another resource

Ideas Math and took a lot of problems from there.”

Alter content

Changing the numbers or context for
mathematical tasks, questions, or
problems in the curriculum

“l would create my own warmups or cooldowns. Like
today, for the cooldown, | went ahead and | did a
Kahoot instead of the cooldown they had in the
lllustrative Math textbook.”

Change Changing the order of content, “In chapter seven, [were supposed to cover] squares and
sequence mathematical tasks, questions, or square roots and then cube and cube roots and then
problems in the curriculum the Pythagorean theorem. But | like to talk about the
geometry application first because | feel that's what
this particular class likes.”
Change Changing how instruction is delivered, for | "l always do either pairs or groups of four. And the
delivery example, by having students work in pairs |textbook tells me, "Oh, this part you should do
or groups rather than independently independently”, but | do [groups] consistently.”
Change Changing the amount of time dedicated “l might shorten this part to make sure | have enough
timeline to mathematical tasks, questions, or time with the next part that | know they might be
problems struggling with, to balance it out. By the end of the unit,
we're pretty much on the time frame.”
Translation Translating mathematical tasks, questions, | “As | walk around and | have my English learners, | do

or problems into another language

translate. Of course, | want them to be able to
understand and participate.”

Mathematica® Inc.
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Exhibit 7. Descriptions and quotes of the a priori codes for why teachers made adaptations

Code Descriptions Quote

Content Better addressing math content “They have an introduction to integers in sixth grade, but |
don't know if it was done in sixth grade. It is supposed to
be in the lllustrative Math curriculum and the assumption is
they've already been introduced to it, but it's my first time
and | need to go over it again.”

Standards Better addressing state standards “I can't teach them how to divide using decimals —which
is what the goal is—if they don't know how to do long
division. So that's why | focused on problems they were
supposed to learn in fifth grade, but most of them didn't.
So that's something we were aware of.”

Multilingual | Making materials more appropriate for | "l always try to tell them to help [each other] out

students multilingual students [because there’s] only one of me. So, | asked them to
translate, and | try to use at least two or three different
types of words like, there's so many different types of
variations of Spanish, Caribbean, South American, [and]
Spaniard.”

IEPs Making materials more appropriate for |“I typically feel like | try to do that (cater to students with

students with Individualized Education |IEPs) as much as possible with every lesson.”
Programs (IEPs) or 504 plans
Enrichment Providing more enrichment activities “The only thing | just wish | had harder problems for some

for students who have already
mastered the material

students... So, | try to give more real-world problems for
our higher levels.”

Remediation

Providing more remediation activities
for students who have not yet
mastered the material

“We switched to small groups after a while. That way | can
have some small groups moving forward while we work
with the other groups so they're getting the needed
individual help to get them caught back up.”

Reduce time | Reducing the time it will take “| removed an activity that would have been four pages
instead of just an activity that would have taken a couple of
minutes since it would have taken too long to get it done.”

Results

Given our concern—that teachers making adaptations may not consider mathematical learning
progressions and make adaptations that move students away from the intended mathematical goal—we

first looked at how many observed lessons included adaptations. We found that in most observed lessons,
the teacher did not make an adaptation. Teachers made adaptations to 30 of the lessons (Exhibit 8)°.

6 The AMS project also includes comparisons between standards-aligned curricula (rated green by EdReports) and
curricula that have less alignment with standards (rated non-green). When examining the data for our study, we found
no differences between teachers using green and non-green curricula. This is unsurprising because our analyses
focused on the lesson level: that is, we considered individual lessons and the standards they are aligned with rather
than the curriculum as a whole. In general, the standards alignment of an individual lesson is not dependent on

whether the curriculum as a whole is standards aligned.
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Exhibit 8. Are teachers making adaptations to their lessons?

55 30
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Lessons teachers did not adapt Lessons teachers did adapt

Turning to our research questions, we focus on a subset of 30 lessons from teachers who made
adaptations. For this subset, we sought to explore whether teachers made adaptations that moved
students away from the intended mathematical goal.

Do teachers make productive adaptations to their lessons? If so, how often are
these to below-, on-, or above-grade-level standards?

When teachers made adaptations to their lessons, they were more likely to make productive
adaptations rather than nonproductive ones. Out of the 30 lessons where teachers chose to adapt their

lessons, the overwhelming majority (70 percent) were productive and just 30 percent were nonproductive
(Exhibit 9).

Exhibit 9. To what extent are teachers’ adaptations to their lessons productive?

21 9

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Productive adaptations Nonproductive adaptations

Teachers were more likely to make productive adaptations while planning a lesson and more likely
to make nonproductive adaptations while delivering a lesson. Among teachers who make productive
adaptations, 33 percent did so while planning the lesson and 57 percent did so while delivering a lesson.

Conversely, among teachers who make nonproductive adaptations, 11 percent did so while planning the

lesson and 78 percent did so while delivering a lesson (Exhibit 10).
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Exhibit 10. When are teachers adapting math lessons?

100%
75%
78%
>0% 57%
25% 33%
o,
0% 1 10% 11%
Planning a lesson Delivering a lesson During both
Percentage of lessons
Productive adaptations (21 lessons) Nonproductive adaptations (9 lessons)

Teachers’ productive adaptations were more likely to be to below-grade-level content while
teachers’ nonproductive adaptations were more likely to be on grade level. Among teachers who
made productive adaptations, 67 percent adapted to below-grade-level content and 33 percent to on-
grade-level content. Conversely, among teachers who made nonproductive adaptations, 33 percent
adapted to below-grade-level content and 67 percent to on-grade-level content (Exhibit 11). No
adaptations were made to above-grade-level content.

Exhibit 11. How often are productive and nonproductive lesson adaptations made to below-,
on-, or above-grade-level content?

Productive adaptations (21 lessons) 33% 67%

Nonproductive adaptations (9 lessons) 67% 33%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

On grade Below grade
Note: None of the adapted lessons we observed in our study were to above-grade-level content.

In Exhibits 12-19, we use the following color schemes: green shading indicates a productive adaptation,
red shading indicates a nonproductive adaptation, blue shading indicates a below-grade-level adaptation,
and yellow shading indicates an on-grade-level adaptation.
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Comparing productive and nonproductive below-grade-level adaptations

In Exhibit 12, we provide two examples of productive below-grade-level adaptations while in Exhibit 13,
we provide an example of a nonproductive below-grade-level adaptation.

Exhibit 12. Examples of productive below-grade-level adaptations

Productive, below grade-level adaptations generally resulted in lessons
that focused on a prerequisite concept that should be mastered before
the intended topic.

Productive, below grade-level

Example

In 7th grade lllustrative Math, an intended
standard is to apply and extend previous
understandings of addition and subtrac-
tion to add and subtract rational numbers
(7.NS.A.1)°. The teacher adapted the
lesson by focusing on ordering rational
numbers and understanding absolute
values (6.NS.C.7)%.

Why is it
productive?

These standards

both fall within

the Rational and
Irrational Numbers
learning progression.?

~

/

Productive, below grade-level

Example

In 8th grade Eureka Math, an intended
standard is to graph proportional
relationships interpreting the unit rate

as the slope of a graph (8.EE.B.5). The
teacher adapted the lesson, focusing on
understanding proportional relationships
between quantities (7.RP.A.2)® which is
prerequisite to interpreting the unit rate
as the slope.

\

Why is it
productive?

These standards

both fall within

the Rational and
Irrational Numbers
learning progression.?

~

2 Achieve the Core, n.d.
® Maloney, 2013
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Exhibit 13. Example of a nonproductive below-grade-level adaptation

Nonproductive, below grade-level adaptations resulted in lessons that
covered elementary content that did not align with middle school content.

Nonproductive, below grade-level N

Example Why is it
In 6th grade Into Math, an intended nonproductive?
standard is to draw polygons, find side 6.G.A.3 falls on the
lengths, and solve real-world math Length, Area,.and
problems (6.G.A.3)° While enacting the velumne [earmng

. progression.?
lesson, the teacher had students find
logos (such as car or shoe logos) and 3.G.A falls on
g ibe the ch - fth the Shapes and

escribe the characteristics of the Angles learning

geometric shapes in the logo which aligns progression.?
with understanding shapes and their

attributes (3.G.A.1)2.

)

2 Achieve the Core, n.d.
® Maloney, 2013

Comparing productive and nonproductive on-grade-level adaptations

In Exhibit 14, we provide an example of a productive on-grade-level adaptation while in Exhibit 15, we
provide an example of nonproductive on-grade-level adaptation.

Exhibit 14. Example of a productive on-grade-level adaptation

Productive, on-grade-level adaptations generally emphasized grade-level
content that was foundational to meeting the intended standard.

Productive, on grade-level D)

Example Why is it

A teacher adapted the 8th grade KEMS
standard that has students analyze and
solve pairs of simultaneous linear equa-
tions (8.EE.C.8.)® by focusing a majority of
the lesson on graphing a line using the
slope and y-intercept (8.EE.B.6)".

A

productive?

These standards

both fall within

the Rational and
Irrational Numbers
learning progression.?

2 Achieve the Core, n.d.
® Maloney, 2013
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Exhibit 15. Example of a nonproductive on-grade-level adaptation

Nonproductive, on-grade-level adaptations were generally instances
where teachers deviated from the curriculum and the content in the
lesson did not cover the intended standard.

Nonproductive, on grade-level N

Example Why is it

In 8th grade Eureka Math, an nonproductive?
intended standard is to estimate where 8.NS.A.1 & 8.NS.A.2 fall
square roots fall on a number line and on the Rational and

Irrational Numbers
learning progression.?

8.EE.A.2 falls on
the Linear and
Simultaneous
Functions learning
progression.?

(& %

2 Achieve the Core, n.d.
® Maloney, 2013

the meaning of square roots (8.NS.A.1 &
8.NS.A.2)°. However, the teacher asked
students to solve equations with square
roots using a calculator (8.EE.A.2)%.

How do teachers describe their adaptations and their motivation for doing so?

Although the data we used to answer our first two research questions were at the lesson level, we used
teacher-level data (that is, teacher interviews) to understand how and why teachers adapted their lessons’.
For this, we focused only on the 49 percent of teachers (18 of 37) who made adaptations to their lessons.
Of these, 13 teachers made productive adaptations to at least one lesson and indicated that they did
consider the standards or mathematical learning progressions when thinking about how to better address
their students’ needs. We also found that the seven teachers who made nonproductive adaptations to at
least one lesson did not indicate that they considered the standards or learning progressions when
choosing to adapt their lessons®.

Teachers who made productive adaptations more often indicated they considered the standards or
mathematical learning progressions. These teachers indicated they changed the way content was
delivered or altered the lesson in some way to better meet the needs of their students. In Exhibit 16, we
provide examples of when teachers altered the content of the lesson or changed the way it was delivered
to better address the math content their students needed to learn.

7 Teachers were only interviewed once per year even if we observed more than one lesson.

8 Two teachers made productive adaptations to at least one lesson and nonproductive adaptations to at least one
other lesson. We found that these teachers did not consider the standards or learning progressions when choosing to
adapt their lessons.
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Exhibit 16. Examples of altering content or changing delivery to meet students’ needs

@Iy is the lesson productive} @y is the lesson producti\;

7.RP.A.2, 7.RP.A.3, and 8.EE.B.5
all fall on the Ratios and Proportion,
and Percents learning progression.®

(Intended and planned standard: 8.EE.B.5)

“It takes them a long time to
come up with their simple
solutions, especially because
it's actually on a sixth-grade
level. The first thing | did was
say, 1'm going to put simple
solutions off to the side and

6.NS.B.2 and 5.NBT.B.6 fall on the
Division and Multiplication learning
progression.®

(Intended and planned standard:
6.NS.B.2, n.a.p)

“l can't teach them how to
divide using decimals—which
is what the goal is—if they
don't know how to do long
division. So that’s why | focused
on problems they were sup-

posed to learn in fifth grade,
but most of them didn't. So
that’s something we were
aware of.”

@ivered standards: 5.NBT.B.6)

we're just going to focus on
working out the equations,
solving for the variables and
using our rules.”

@ivered standards: 7.RP.A.2, 7.RP.A.3)

/Why is the lesson productive? \

7.NS.A.1, 7.NS.A.2, and 6.NS.C.5 all fall on the Integers, Number Lines, and
Coordinate Planes learning progression.®

(Intended standard: 7.NS.A.1, 7Z.NS.A.2)

“This was the introductory lesson [and] my first time giving them
integers... They have an introduction to integers in sixth grade, but
I don't know if it was done in sixth grade. It is supposed to be in the
Illustrative Math curriculum and the assumption is they've already
been introduced to it, but it’s my first time and | need to go over

it again. ”

\(Planned and delivered standards: 6.NS.C5)

2 Maloney, 2013
® The teacher did not provide a lesson plan; thus, we were unable to code the planned standard.
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Teachers who made nonproductive adaptations did not indicate they considered the standards or
learning progressions when choosing to adapt their lessons. These teachers were more likely to
indicate they changed the sequence of the content or altered the lesson in some way to reduce the time it
would take to cover particular math content and to meet the needs of students performing below grade
level, but when they did so, their adaptations did not follow mathematical learning progressions.

In Exhibit 17, we provide examples of when teachers changed the sequence to meet students performing
below grade level; in Exhibit 18, we provide examples of when teachers altered the content of the lesson
to meet students performing below grade level; in Exhibit 19, we provide examples of when teachers
removed content from the lesson to reduce the time it takes to cover the material. In each of these
examples, the adaptations made did not follow mathematical learning progressions, suggesting that these
teachers did not consider how the standards were connected while they made adaptations.

Exhibit 17. Examples of changing the sequence to meet students below grade level

@y is the lesson \ / \
Why is the lesson

nonproductive?

8.EE.A.2 falls on the Linear and nonproductive?
Simultaneous Functions learning
progression.? 7.G.B.4 falls on the
Length, Area, and Volume learning
progression.®

8.NS.A.2 falls on the Rational and
Irrational Numbers learning progres-
sion.? 8.EE.A.2 falls on the Linear and
Simultaneous Functions learning
progression.®

(Intended and planned standard: 8.EE.A.2)

“n chapter seven, [we're (Intended standard: 8.NS.A.2)
é
supposed to cover] squares | changed the sequence a

and square roots and then little knowing where [students]
cube and cube roots and then are weak [in order] to build

the Pythagorean theorem. them up. ””
But | like to talk about the ,
. . . (Planned and delivered standards:
geometry application first 8.EE.A.2)
because | feel that's what this \
particular class likes."

(elivered standards: 7.G.B.4)

2 Maloney, 2013
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Exhibit 18. Examples of altering content to meet students below grade level

ﬁhy is the lesson \
nonproductive? / \
Why is the lesson

6.G.A.3 falls on the Length, Areq,

ive?
and Volume learning progression.? nonproductive?
3.G.A. falls on the Shapes C’Zd 8.EE.B.5 falls on the Ratios and
Angles learning progression. Proportions, and Percents learning

progression.? 8.EE.C.7 falls on the
Linear and Simultaneous Functions

(Intended and planned standard:

6.G.A3,n.ab) learning progression.® 7.G.B.4 falls
“ on the Length, Area, and Volume
I know that [the students] learning progression.?

know what a rectangle is

from third or fourth grade But (Intended and planned standard: 8.EE.B5)

| wanted them to start looking “ri change the problems with
at more of the characteristics [harder] numbers because

and comparing them in [students] have no idea until
real life.” we can actually go over them.”

Qelivered standards: 3.G.A.l) @ivered standards: 8.EE.B7, 7.G.B.4 )

. I

Why is the lesson nonproductive?

8.EE.B.5 falls on the Ratios and Proportions, and Percents learning progression.®
8.F.B.4 falls on the Linear and Simultaneous Functions learning progression.®

(Intended and planned standard: 8.EE.B.5, n.a.p)

“Eureka has a lesson on proportions, but I'm going to show them a
PowerPoint [from a different curriculum] that's a lot easier and
doesn't require a lot of reading... | was not trained on [Eureka] and
reverted back to my previous curriculum. ”

\(Delivered standards: 8.F.B.4)

2 Maloney, 2013
® The teacher did not provide a lesson plan; thus, we were unable to code the planned standard.
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Exhibit 19. Examples of removing content to reduce the time it will take

ﬁhy is the lesson \

nonproductive?

6.RP.A.3 falls on the Rational and
Irrational Numbers learning progres-
sion.? 6.NS.A.1, 5.NF.B.5 and 5.NF.B.7
fall on the Division and Multiplication
learning progression.®

(Intended and planned standard:
6.NS.A.l, 6.RP.A.3)

“so, for [one] example, stu-
dents were stuck. [lllustrative
Math] asked students to identi-
fy if the total was going to be a
fraction of a whole or bigger
than a whole. That question
threw them off because they
truly don't need to answer it.

@y is the lesson \

nonproductive?

8.EE.B.5 falls on the Ratios and
Proportion, and Percents learning
progression.? 8.EE.C.7 falls on the
Linear and Simultaneous Functions
learning progression.®

(Intended and planned standard:
8.EE.B.5, 8.EE.C7)

“ didn't include the activity
that would have asked us to
[solve equations] because it
would have been four pages
of an activity that would have

taken too long to get it done. ”

{elivered standard: 8.F.A.1)

So that part, | removed. ”

\ﬁl ivered standards: 5.NF.B.5, 5.NF.B.7)

2 Maloney, 2013

Discussion and Implications

Districts may further support teachers’ adaptations by considering professional learning that
emphasizes how content standards align within mathematical learning progressions and the
planning needed to make adaptations productively. Although most lesson adaptations aligned with
mathematical learning progressions, our findings show that some teachers may not consider the
standards or mathematical learning progressions when making adaptations. Districts may want to support
these teachers by considering professional learning that encourages teachers to reflect on a lesson'’s
standards, the needs of their students, and ways to adapt lessons within mathematical learning
progressions may help teachers make productive adaptations.

Moreover, our findings show that teachers were more likely to make nonproductive adaptations while
delivering a lesson and these were more likely to be to on-grade-level content. In our sample, these
nonproductive adaptations were more likely to be made by teachers with more experience teaching math,
higher education, and more advanced certification, suggesting these teachers may have a preferred way
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to teach mathematics. Professional learning could emphasize how standards within the same grade level
connect and which standards students need to master before progressing to others within the same
grade level. For example, knowing how to recognize and represent proportional relationships between
quantities (7.RP.A.2) is prerequisite to solving problems involving scale drawings of geometric figures
(7.G.A.1). Professional learning, focused on how to interpret and enact curricular standards and objectives,
will help teachers adapt instructional materials to keep students moving toward the intended
mathematical goal.

Districts should consider adhering to high-quality, standards-aligned materials that emphasize
mathematical learning progressions rather than adapting the curricula they purchase or creating
their own. One of the districts in our study, and many teachers across districts, adapted or created their
curricula, unit plans, or lessons. Research has demonstrated that when school staff attempt to develop
curricular materials instead of relying on published materials, they often misinterpret the intent of the
content standards they were built upon (Pak et al., 2020). Districts can use publicly available information,
such as EdReports, to identify instructional materials.

Teachers should consider a variety of formative assessments (for example, multiple-choice,
performance tasks, and project-based learning) to assess how students are making progress toward
meeting standards and identify additional support needed to help students become proficient.
Teachers should use various assessments to understand which standards students have mastered. In turn,
this will help them identify what content students are ready to learn, align it with the mathematical
learning progressions, and incorporate the content into their instructional pacing and materials. Teachers
may need additional time in their pacing to prioritize foundational skills that build toward the intended
standards. When additional time is not available, districts and teachers should consider providing
additional support to students outside of general education classes. This may include just in time support,
extended learning opportunities, or tutoring to help students meet proficiency without using too much
general education class time.

Teachers should consider how and when to adapt lessons to include above-grade-level content. In
our study sample, all adaptations made by teachers were to below- or on-grade-level standards. Teachers
should reflect on how they might productively adapt lessons to include examples, problems, or tasks that
introduce students to above-grade-level content, challenging students to higher levels of thinking instead
of solely focusing on supporting unfinished learning. Using the learning progressions to help identify
what students have mastered and appropriate next steps in their learning toward the intended
mathematical goal is imperative. Teachers may need to provide additional scaffolding or support when
introducing students to this content, but this will allow students to become accustomed to math they
might see in future grades.

Limitations

This study focuses specifically on content adaptations—as evidenced in the CCSSM—rather than
adaptations serving other purposes, such as adapting lessons to be more culturally responsive or
translating content for English learners. Other studies within the AMS project will explore how non-
content adaptations relate to the enactment of middle school mathematics curricula.
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Our sample size (37 teachers and 85 classroom observations) is particularly small and may not be
generalizable. Within this sample, we only observed one or two lessons from each teacher each year, so
we may not have the necessary context to determine how these lessons fit within the longer-term pacing
and plan for classroom instruction as well as how consistently teachers make adaptations to lessons.
Moreover, we did not collect formative or summative student assessment data, so we could not determine
if students needed the adaptations teachers were making nor whether they were beneficial in supporting
student learning. While we coded whether the adapted standards were below, on, or above grade level,
we could not determine if the students in the class needed those specific adaptations.

Conclusion and Future Research

Consistent with prior research (Drake & Sherin, 2009; Hayden et al., 2023; Konstantinou-Katzi, 2012), we
found that teachers supplement or replace curriculum materials to better meet students’ needs. Even
though most adaptations made by teachers in our study were productive, some teachers still adapt their
lessons in ways that do not align with mathematical learning progressions. There may be an opportunity
for professional learning to support teachers in adapting lessons in ways that build students’
understanding of math content and maintain alignment with mathematical learning progressions. We
hypothesize that this will ensure students receive ambitious and inclusive instruction and have a better
classroom experience in terms of their mathematics enjoyment, achievement identity, performance,
persistence, self-efficacy, and growth mindset.

Below we describe what we think interested parties might do with the above findings and implications:

1. Districts may consider professional learning that emphasizes mathematical learning progressions.

2. Teachers and math coaches should reflect on the standards intended by the curriculum, the
standards they plan to address, and the standards they deliver in the classroom, as well as on making
productive adaptations.

3. Curriculum developers should more clearly lay out how a lesson’s standards build from previous
standards and how they build toward future standards, as well as how to adapt the material to those
standards.

4. Researchers should prioritize efforts to understand if professional education on mathematical
learning progressions helps teachers make productive adaptations and if it ultimately improves a
student’s classroom experience and learning. Researchers could connect teachers’ adaptations to
formative student assessment data to determine if adaptations are needed and whether productive
adaptations improve student learning more so than nonproductive adaptations. There is also an
opportunity to understand how teacher characteristics influence adaptation decisions.

The qualitative research we include in this report complements our educator practice guide that provides
educators with exemplars and resources on how to make productive standard adaptations across multiple
scenarios. For more information about the broader AMS project, please visit Middle School Math:

Culturally Responsive Materials, Teacher Professional Learning, and Student Engagement.
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