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The Magic Is in the Margins:
UDL Math
In this article, I propose a mathematical version of Universal Design for Learning called UDL Math. I describe
three classrooms that include students with disabilities in meaningful mathematics and explore how the
teachers create access through multiple means of engagement, representation, and strategic action.

Rachel Lambert

In Ms. Lev’s inclusive kindergarten class, students gather
at the rug, ready to get to work on the indoor sensory path
they are designing for their hallway. After a short discussion on measurement tools and how to be a supportive
peer when working in groups, pairs of students pick up sets
of connecting cubes and set out to measure the space. As
they count and measure, Ms. Lev moves among groups,
reteaching and clarifying. Before long, a student realizes
another group arrived at a different count. Ms. Lev shifts
to facilitating a group conversation about accuracy.
Ms. Garcia presents a story problem to her fifth-grade
special education students: Eight people are present in a
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family. They have six large burritos to share and want
to share them fairly. How much of a burrito will each
member of the family get? She gives students a moment to
plan how to work and then lets them choose between working independently, with a partner, or in a small group with
her. Each student has access to a variety of supplies, including manipulatives. When they are finished, she pulls them
together for a whole-group discussion to share their mathematical strategies. As students share, she names each strategy they use and helps them troubleshoot their solutions.
In a ninth-grade inclusive classroom, the students in
Mr. Guzman’s class continue their multiday exploration
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of functions as two quantities with a relationship. Some
students graph data from a video of their classmates
throwing balls of paper into a trash can. Others work
on a series of graphing problems on the online program
Desmos. Mr. Guzman works with a smaller group of
students to graph a function using paper and pencil.
Noticing the period is ending, he calls the class together.
He reminds them of the big idea of the day: Functions
have multiple representations. He asks, “How did that
idea emerge in your work today?” Several students
share, including one who uses a speech-to-text augmentative and alternative communication device. They end
the class by completing a self-evaluation of their work
for the day.
The teachers in the aforementioned vignettes
all used a research-based framework known as
Universal Design for Learning (UDL) when planning lessons. Although curricular designers typically
approach differentiation as something that happens
after the “grade-level” lesson or unit that has been
created, UDL acknowledges the diversity in what
students know, think, and engage in learning. The
framework helps teachers shift from planning for a
hypothetical middle to the actual margins of their
classrooms.
Currently an educational researcher in mathematics and disability studies, I was a classroom
teacher for more than 10 years in an inclusive, multigrade classroom. Although I was not exposed to
UDL at that time, I planned mathematics on the
basis of the complex needs of my students, who varied considerably in their prior knowledge and in
their ways of engaging in mathematics. I learned to
attend to my students’ emotional engagement and
present scaffolds to help them develop strategic
competence. When I learned about UDL, I became
convinced that this framework could allow integration of the complex needs of students with disabilities with high-quality mathematics teaching that
is based on NCTM Standards publications. Building
from my own research on UDL in mathematics classrooms (Lambert and Stylianou 2013; Lambert 2020;
Lambert et al. 2020), I developed UDL Math, which I
will describe in this article.

WHAT IS THE UDL OF UDL MATH?
UDL is an approach to pedagogy, curriculum, and
assessment grounded in the learning sciences and neuroscience (Meyer, Rose, and Gordon 2014). The idea
came from researchers at the CAST center in Boston in
the 1980s who, inspired by the work of Ronald Mace,
expanded the idea of Universal Design into the classroom. As a disabled architect, Mace pioneered a movement in architecture and product design that found
elegant and effective ways to maximize use of buildings
and products. The CAST team had been tasked with
designing curriculum for students with disabilities and
had noticed classrooms were dominated by print, usually textbooks, making learning inaccessible for those
who did not engage easily with print, such as blind and
dyslexic learners. Recognizing that curriculum that
ignored learner variability would always fail, the UDL
researchers changed their focus. Instead of asking
children to change to meet classroom demands, they
focused on changing the curriculum.
Understanding disability as affected by context
is in line with current social movements such as the
Disability Rights movement (Linton 1998) and neurodiversity (Robinson 2013). Led by disabled and neurodiverse activists, these movements have shifted
understandings of disability away from a focus on
individual deficits (the deficit or medical model) and
toward understanding disability as contextual (social
model) (Oliver 2009). Using UDL as a framework can
help us reframe students as complex and variable
rather than through deficit views of disability.
The discrimination students with disabilities experience in mathematics is well-documented. We know
educators discriminate against students with disabilities when making algebra placement decisions
(Faulkner, Crossland, and Stiff 2013). We know students
with disabilities have less access to standards-based
mathematics than their nondisabled peers (Jackson
and Neel 2006). Additionally, we know research in
mathematics education differs from research in special
education mathematics (Lambert 2018). Research in
the field of special education in mathematics is influenced by behavioral and information processing theories of learning, whereas research in mathematics
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education is dominated by constructivist and sociocultural theories of learning (Lambert and Tan 2020).
These differences in underlying theories of learning
have created two quite different sets of recommendations for best practice; research in special education
mathematics has focused almost exclusively on direct
and explicit instruction, with little research on students solving complex problems without being given
a procedure, as in mathematics education (Lambert
and Tan 2020). Yet, sustained engagement in tasks
that promote reasoning and problem solving is a centerpiece of the mathematics teaching practices from
Principles to Actions: Ensuring Mathematical Success for
All (NCTM 2014). The differences at the research level
have created the common misconception that complex problem solving is not appropriate for students
with disabilities, a perspective that is false and ableist
(Lambert 2018).
In my experience, one of the most powerful attributes of UDL is that it helps mathematics teachers move
from deficit-focused pedagogies that seek to “fix” children toward asset-based pedagogies. Learners vary in how
they see, hear, and move. They vary in how well they can
remember mathematical facts and their ways of paying
attention. Learners vary in their emotional response to
mathematics. Instead of planning for students with disabilities after designing for students without disabilities, teachers who keep learner variability in mind can attend to the

variability in mathematics learning across the entire group
of students, regardless of disability status (Rose 2017).
When developing the UDL framework, the CAST
researchers identified three interconnected networks of
the brain (see figure 1) that factor significantly in learning (Meyer, Rose, and Gordon 2014). These three networks are the basis of the UDL Guidelines. The affective
network processes the why of learning (UDL principle
of Engagement), the recognition network processes
the what of learning (UDL principle of Representation),
and the strategic network processes the how of learning
(UDL principle of Action and Expression).
By focusing on the why, what, and how, the UDL
framework helps teachers attend to the complex entirety
of the students in their class. For example, attending to
the vital role that our affective network has in learning
mathematics helps teachers ensure mathematics class is
a purposeful, safe, and welcoming space, which is necessary for student learning (Immordino-Yang and Damasio
2007). These three networks work together in the complex process of learning in mathematics.
The second research tradition supporting UDL is the
learning sciences, an academic field that studies learning across disciplines. A core tenet is that people learn
complex practices through sustained engagement in
these same collaborative practices (National Academies
of Sciences, Engineering, and Medicine 2018). Thus,
UDL allows us to focus our attention on engagement in

Fig. 1

Three networks of the brain factor significantly in learning. ©2014 CAST, Inc. Used with permission. All rights reserved.

662

MATHEMATICS TEACHER: LEARNING & TEACHING PK–12

06_SA-NCTM-MTLT210070.indd 662

© 2021 NCTM

Volume 114_Issue 09_September_2021

Brought to you by NCTM | Unauthenticated | Downloaded 09/02/21 06:05 PM UTC

23-08-2021 11:45:51

PUBS.NCTM.ORG		
FRONT_&_CENTER

what mathematicians actually do, as seen in the skills
and dispositions of the NCTM Process Standards. These
standards reflect decades of research on the importance of mathematical practices or the ways in which
mathematicians and successful mathematics learners engage in mathematical activities such as problem
solving, modeling, and proof. Students need opportunities to engage in process standards such as problem
solving to build new mathematical knowledge to reach
the NCTM content goals (NCTM 2000). Access to these
practices is necessary to develop agency in mathematics (Boaler and Sengupta-Irving 2016).
Research in the learning sciences also influenced
the primary goal of UDL: developing expert learners.
Rather than focusing on students learning content,
UDL supports the goal of developing expert, strategic, and lifelong learners. UDL is, thus, built on the
same educational foundation as approaches such as
project-based learning (Larmer, Mergendoller, and
Boss 2015), used by Ms. Lev, and cognitively guided
instruction (Carpenter et al. 2015), used by Ms. Garcia.

UNIVERSAL DESIGN FOR LEARNING
MATH (UDL MATH)
I designed UDL Math to center students as problem
solvers and teachers as designers. UDL Math should not
be a passive process in which teachers attempt to simply align their instruction with the design elements,
but a process in which teachers begin by developing empathy for students’ experiences through empathy interviews (Lambert et al., forthcoming). Empathy
interviews in mathematics are one-on-one conversations with our students, in which we seek to learn about
their experiences learning mathematics, build understanding of what barriers they have faced, and recognize what supports their learning. We can begin by
interviewing those students who are at the margins of
our classrooms, those for whom our current classroom
practices are not working. Using Design Thinking for
Educators as a design process (IDEO 2012), educators
can then identify barriers to accessibility and collaboratively redesign for inclusion. We can redesign curriculum, routines, and even systems such as how students
are placed in our classrooms.
UDL can help us conceptualize school as an equitable space if we begin with a deep analysis of the experience of marginalized students, including developing our
understanding of systems around disability, race, gender, language, and other social positionings (Indar 2018).
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I have found from experience this cannot be an afterthought. The process of curricular design must begin
with a deep analysis of the experience of marginalized
students. If we as teachers can learn more about the
experience of students who are at the margins, we can
leverage that knowledge to design across differences.

UDL MATH DESIGN ELEMENTS
As an inclusive mathematics teacher, I learned to build
in extra time when asking new students to solve challenging problems; as soon as I presented the problem, some students would immediately ask me which
operation to use. I noticed that students who relied on
adults for guidance had mostly experienced rote, narrow mathematics teaching in previous grades. Teachers
have a term for such behavior: learned helplessness. It
is often used to describe students who, for a variety of
reasons, are more likely to ask adults for guidance than
strike off on their own to solve a problem. This lack of
confidence is a significant barrier to success in mathematics. Our central goal in UDL Math is supporting students, particularly students with disabilities, to develop
confidence in their own abilities, becoming strategic
sense makers in mathematics.
I created the UDL Math Design Elements (see
figure 2) as a version of the UDL Guidelines specific to
mathematics. I took into account the barriers that students with disabilities often face in mathematics class,
such as anxiety when faced with rigid classroom practices, inaccessible content, and too few opportunities
to problem solve (Lambert 2020). At the center is the
goal that students become strategic sense makers. This
includes all aspects of the Process Standards (NCTM
2000) because strategic sense makers will solve problems
by using a variety of strategies as well as monitoring and
reflecting on their process. Strategic sense makers are
able to communicate their mathematical thinking, make
connections across mathematical ideas, and understand and use mathematical representations. Around
the center of the figure are six hexagons, each representing one important design element. Two design elements
fall under each UDL principle—Engagement (green),
Representation (purple), and Strategic Action (blue).

Engagement: Why We Learn Mathematics
The affective network of the brain processes our engagement in mathematics, including emotions and relationships. Students need to feel safe enough to learn, as
well as engaged and motivated. Emotions regulate all
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learning, and thus, understanding of the emotional and
relational aspects of learning is vital (Immordino-Yang
and Damasio 2007). Students with disabilities have a
higher rate of emotional disabilities such as anxiety
than the general population, including mathematics
anxiety (Devine et al. 2018). Designing mathematics
learning for students with disabilities must include a
focus on supportive classroom environments, as well as
the opportunity to engage in meaningful mathematics
work, incorporating relevance and choice.
Supportive classroom environment. We know students
feel more comfortable in classrooms where teachers
have provided safe communities in which students can
take mathematical risks. With a rigid focus on speed
and accuracy, mathematics classrooms can feel unsafe
to students, particularly those with a history of school
difficulties (Bibby 2002). Instead, teachers need to shift
away from speed, toward persistence, and away from
timed tests. In one study, my colleagues and I found

that students, including those with disabilities, report
taking more risks speaking in mathematics class when
the teacher valued thinking more than accuracy and
explicitly gave students permission to make mistakes
(Lambert et al. 2020). Another vital component is a positive relationship with teachers (Battey et al. 2016), particularly important for students with disabilities.
Meaningful mathematics: Relevance and choice. Another
dimension of engagement is motivation. Teachers can
focus mathematics class on relevant, engaging, and culturally responsive contexts as well as follow the students’
lead into topics for investigation (Waitoller and King
Thorius 2016). Rather than insisting on narrow forms of
engagement, teachers can offer students choice in how
they engage in mathematical problem solving (e.g., individually, in pairs, and in groups). These changes can shift
student perceptions of mathematics class, from a disengaging, compliance-focused space toward one in which
they are engaged and agentic.

Fig. 2

UDL Math design elements revolve around the goal of students becoming strategic sense makers who can communicate their mathematical thinking, make
connections across mathematical ideas, and understand and use mathematical representations.
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Collaboration is a vital component of engagement
(Boaler and Sengupta-Irving 2016). Engaging with others in mathematical inquiry motivates students, who
build social and emotional skills alongside mathematical skills (Boaler 2008). For some students, successful
collaboration may require additional support. Cohen
and Lotan (2014) developed the Complex Instruction
schema as a way to engage learners in collaborative
mathematics through structured group work, along
with elements that shift status in the classrooms, such
as tasks that explicitly draw on the multiple talents
within a group.
Engagement in Ms. Lev’s class. Ms. Lev, from one of
the vignettes at the beginning of this article, integrated
social and emotional learning into the curriculum from
the first day of school to create a safe and comfortable
mathematical community for all her students. Working
with her students, she created norms for how students
should engage and respond to one another. She integrated UDL with project-based learning (Lev 2021) to
develop authentic investigations across content areas.
She started with a meaningful question: How can students design a sensory path with multiple activities for
indoor recess? The deep engagement I notice at the
end of the vignette—where students begin animatedly
discussing how they got different measurements for
the same part of the hallway—rests on the relevance of
the mathematics project. The measurements matter
because the project matters—it is relevant to the students. Students had choices and were allowed to collaborate as they learned.

Representation: What We Learn in Mathematics
The dimension of representation comes from the sensorial processing of stimuli in the brain—A process that
requires sensory intake and recognition of what one is
sensing. What matters for mathematics is how students
process and understand mathematical content. In this
area, students need a focus on core ideas and multimodal representation.
Focus on core ideas. The first consideration for representation is a focus on core content ideas. A fundamental barrier for students learning mathematics is time
because it takes some students longer to learn the same
content. Thus, planning carefully is essential so that
students invest their precious time in the most important learning. To fully engage students with uneven
prior learning or those who need more time, teachers
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must design a sequence of tasks that engage students
in the necessary learning for core ideas (Russell 2010).
Core ideas are those mathematical understandings that
are fundamental to understanding grade-level content
and also future mathematics: Fair sharing as a way to
understand fractions is an example (Empson and Levi
2011). Instead of activity sheets with many problems,
classwork and homework should include a smaller
number of problems focused on these core ideas. Core
ideas also help when we need to more significantly
modify instruction for students with intellectual disabilities (Krähenmann et al. 2019).
Second, students must engage in problem solving, one of the NCTM Process Standards (NCTM 2000).
If students are not given sustained time to solve mathematical problems without procedural instruction,
they will not learn this central mathematical practice.
This is particularly true for students with disabilities,
who are often denied access to open-ended problem
solving. Every mathematics classroom should prioritize class-wide investigations that (a) focus on the core
ideas of the mathematics unit; (b) are multidimensional (drawing on different strengths); and (c) allow
access and sustained learning for students with varying prior knowledge of the topic (low floor, high ceiling). A low floor indicates that the task will be accessible
to students with a wide range of prior mathematical
knowledge. A high ceiling suggests extensions for those
students who are ready for them. When such investigations or tasks are well designed, they offer opportunities for every child in a class to be part of a collective
inquiry.
Multimodal representation. Multimodal engagement in mathematics means accessibility and choice.
Students with sensory differences need access to
mathematics through multiple representations, such
as visual representations for deaf students. Students
should have the agency to be able to use multiple rep
resentations in how they solve and answer mathematical questions. NCTM Process Standards include
representation, asking students to both create and
use mathematical representations, and to translate between mathematical representations to solve
problems (NCTM 2000). Fractions, for example, are a
concept that must be understood through multiple representations (Empson and Levi 2011), but simply providing that multiplicity is not enough—students need
support to see how representations of fractions are
connected. The Connecting Representations routine
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(Kelemanik et al. 2016) provides a structured approach
in which students are guided to make connections
between different representations of the same problem
or expression, such as equations and graphs.
Representation in Mr. Guzman’s classroom. Several
aspects vital to representation are demonstrated in
Mr. Guzman’s classroom. He has integrated choice
and relevance into this mathematics classroom, in
which students are trusted with choices about how
they engage in their learning. He does not leave it
there, however. He makes sure students are focused
on the core idea of the unit—the big idea of functions.
Students are exploring different representations of
functions, particularly the graph and the expression of
the function. He not only allows choice but also regularly returns to the core ideas he is developing.

Strategic Action: How We Learn Mathematics
The third cognitive network identified by the UDL is the
strategic network, which is responsible for planning,
both simple tasks, such as planning to pick up a pencil, and more complex tasks, such as planning how to
solve a mathematical problem with that pencil (Meyer,
Rose, and Gordon 2014). It also includes the elements of
assessment and feedback, or what we offer to learners
to help them grow strategically. In this area, students
need both equitable feedback and to understand themselves as mathematics learners.
For many mathematics teachers, this dimension
of learning (strategic action) will feel the most unfamiliar of the three dimensions of UDL. We may think
about how to develop mathematical strategies and
problem-solving strategies, but not strategies around
self-regulation and executive functioning. Yet these
processes are central to our classrooms. We rely on
students’ ability to handle the organizational demands
of our classrooms, and as such, we need to support
students’ ability to negotiate the strategic demands
of mathematics. The ultimate goal is for students—
every student—to understand themselves as mathematical learners and, thus, be able to self-advocate in
future mathematical classrooms. All these skills are
teachable.
Equitable feedback. The issue of feedback is vital
for all mathematics learners, but again, particularly
important for those who may need additional support.
Timely feedback is a vital element in successful instruction for students with disabilities (Zhang et al. 2014).
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Assessment must focus on helping both teacher and
student do their jobs with the best information possible. Assessment can be a major barrier for students
with disabilities because excessive and unhelpful
assignments can burden those who need extra time
(Lambert et al. 2019).
Understanding self as a mathematics learner. Critical
to strategic development for learners is developing each
student’s self-knowledge, or metacognition, in mathematics (Desoete and De Craene 2019). This includes
understanding oneself as a learner in general, including self-regulation and executive functioning, as well as
understanding one’s mathematical strategies. Because
this involves strategic development at multiple levels,
I created a table to demonstrate the range of different
kinds of strategies students need to develop (see table 1).
To develop mathematical strategies, first students need to develop their own strategies through
open-ended problem solving. Next, the strategies
students use must be named explicitly, and finally,
students need a chance to practice these strategies.
Making strategies explicit is an important element
here; many students need more explicit practice with
a strategy to help them use it (Zhang et al. 2014). Some
students with memory challenges may invent a complex strategy to solve a problem and then never use it
again without someone noticing and naming what they
did. Students and teachers can create personal strategy
charts that can serve as a repository for strategies that
the student uses.
Strategic action in Ms. Garcia’s classroom. To better
understand the development of metacognitive strategies, we return to Ms. Garcia’s classroom. Most students
drew the six burritos and partitioned them, then distributed the pieces to the eight members of the family. Some cut the burritos into eighths; others gave out
halves first. As the class gathered to share, Ms. Garcia
asked the students to first explain their strategy to a
partner. She listened in on these shares and then called
on John to share his thinking. John shared his strategy
of breaking up all six of the burritos into eight pieces,
and then giving the one-eighth pieces out one by one to
the eight members of the family. As he shared, he kept
recounting the number of pieces, losing track several
times. He looked up at Ms. Garcia, clearly frustrated,
no longer sure of his answer. Ms. Garcia said, “It seems
like you are now revising your thinking. What could
help you?” Because Ms. Garcia had taught students
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Table 1

UDL Math Strategy Development
Definition

Examples

Mathematical
strategies

Strategies that work in specific mathematical situations

• Skip counting by tens and then adding ones
• Partitioning a fraction share

Problem-solving
strategies

General strategies to solve mathematical problems

• Drawing a diagram
• Guess and check

Self-regulation
strategies

Strategies to remain emotionally regulated during
challenging situations

• Student-selected breaks
• Sentence starters for expressing frustration
to a partner

Executive-functioning
strategies

Strategies to assist in planning, attention, and
organizational challenges in the classroom

• Structured planning time
• Building in time for organizing materials

about respecting one another’s thinking time, the class
waited patiently as John thought about the question.
John replied, “Recounting by myself.” He then got up
and went to the back of the room to lay out his work and
begin recounting. The teacher picked up the discussion
with the other students and returned to John when he
waved at her from the back of the room. He confidently
shared his thinking. At the end of the discussion,
Ms. Garcia summarized the different mathematical
strategies. With each problem, she had students raise
their hand to indicate which strategy they used.
Ms. Garcia took active steps to ensure her classroom was a space where students could be independent and strategic mathematical problem
solvers. She made their mathematical strategies
more explicit, restating their processes. She also
created a space where students could build their
self-regulation skills; when John became frustrated
because of losing count, she did not tell him what
to do. She asked him what would help, knowing that
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she had coached him to self-advocate. He was able
to problem solve not only to keep emotionally regulated but also to support challenges in executive
functioning, which can make holding numbers in
working memory quite challenging.

CONCLUSION
Students with disabilities deserve equal access to
mathematical thinking and learning. A math-centric
framework like UDL Math supports mathematics educators to create classrooms that start from inclusivity rather than a generic “average” student. It helps
teachers like Ms. Lev, Ms. Garcia, and Mr. Guzman
consider the experiences of students with disabilities in their classrooms and create spaces where all
their students are better able to explore, wrestle, and
create magic with mathematics. Beginning from the
margins makes mathematics inclusive and engaging
for all.
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