
Prepublication Draft: Lambert, R., Imm, K., McNiff, A., Schuck, R., & Choi, S. (in press at Mathematics Teacher 
Education and Development) 

1 
 

 
 

“UDL is the What, Design Thinking is the How:” Designing for Differentiation in 
Mathematics 

 

 

In order to transform mathematics classrooms for students with disabilities, teachers must design 

based on learners at the margins. Universal Design for Learning (UDL) is a framework built on 

these principles (Meyer et al., 2014), but lacks a robust process through which educators can 

reimagine mathematics. We theorize that when educators merge the principles of Universal 

Design for Learning in mathematics with the process of Design Thinking, more accessible 

designs for curriculum, routines, tools, and spaces would result. Using design research 

methodology, we analyzed a 6-week summer course for mathematics educators on UDL and 

Design Thinking. Data sources included class video recordings and transcripts, class artifacts, as 

well as pre- and post-participant surveys. Findings indicate shifts in participants’ knowledge of 

UDL from a passive to an active role, empathy as a central guiding principle, and the potential of 

using Design Thinking as a process to enact UDL.  

 

Key words: Differentiation, Disability, Universal Design for Learning, Mathematics, Design 

Thinking 

 

  



Prepublication Draft: Lambert, R., Imm, K., McNiff, A., Schuck, R., & Choi, S. (in press at Mathematics Teacher 
Education and Development) 

2 
 

Introduction 

 Differentiation for all learners necessitates a radical rethinking of mathematics teaching 

and learning. Gervasoni & Lindenskov (2011) have argued for the creation of a category of 

students with special rights in mathematics for traditionally underserved populations in 

mathematics, including students with disabilities and those from marginalized populations. 

Creating equity in mathematics requires radical shifts in the way we teach so that students with 

special rights in mathematics are given access to meaningful mathematics (Gervasoni & 

Lindenskov, 2011). This argument has been echoed by others in mathematics education, 

including an argument to rehumanize mathematics for marginalized students and those with 

disabilities (Tan et al., 2020; Lambert et al., 2018). Students with disabilities are offered a more 

procedural mathematics with less access to conceptual instruction (Jackson & Neel, 2006; Kurz 

et al., 2014). Classroom practices must shift from those that serve only some students to those 

that better serve the natural variety of knowing and doing mathematics across students. This 

requires shifts in teacher identity and classroom practice (Bobis et al, 2020).  

 Universal Design for Learning (UDL) is a framework built on the idea of planning based 

on learners at the margins (Rose & Meyer, 2005), rather than around “typical” students (Meyer 

et al., 2014). UDL allows educators to design mathematics classrooms that include all students in 

meaningful, inquiry-based mathematics (Lambert, 2020). However, to truly apply the principles 

of UDL to classrooms and schools, educators need a specific, flexible, and replicable process 

that will allow them to redesign instruction in a variety of ways for a variety of users. 

Conformity with a checklist is not enough, as students with disabilities face problems not just in 

mathematics curriculum, but also in the systems, routines, and practices that create the conditions 

for unequal access to meaningful mathematics. Even when curriculum is designed with a UDL 

lens, classroom teachers will need to engage in additional cycles of testing and redesign to make 

sure it is “working” in their contexts with their users.  

 This project studied a virtual course in the summer of 2020 for 45 mathematics educators  

in the United States. We designed a course to respond to the heightened needs felt by educators 

in the summer of 2020, as they paused from a spring of distance learning during a crisis and 

braced themselves for the uncertainty of the academic year ahead. Our course was created to help 

educators plan for their virtual work in the fall, both as classroom teachers and as professional 

development providers. We focused on the integration of Design Thinking (IDEO 2012) with 
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UDL. Design Thinking provides a collaborative process that helps teachers address persistent 

challenges within their practice by beginning with empathy for users, then carefully defining the 

problem and generating a diverse set of innovative solutions. Our theory of action was that when 

educators merge the principles of Universal Design for Learning in mathematics with the 

process of Design Thinking, more accessible designs for mathematics curriculum, routines, 

tools, and spaces would result. We were guided by the following research questions:  

Before and after participation in a virtual course on Designing Mathematics for 

Inclusion, how do participants conceptualize 1) Universal Design for Learning, 2) 

Design Thinking, 3) the intersection between the two?  

 

Conceptual Framework 

 In the sections that follow, we offer our conceptual framework which expands our theory of 

action, while integrating relevant, current literature in each of the domains. 

Disability and Mathematics 

 We conceptualize disability through a social model of disability (Linton, 1998). Instead of 

focusing on individual deficits, we draw attention to how social contexts like classrooms 

construct both ability and disability. This dynamic exists in mathematics classrooms; in one 

study, we found that how students with disabilities were framed as able or disabled in 

mathematics shifted as the pedagogy of the classroom shifted (Lambert, 2015). At the same time, 

disability is also seen by self-advocates as a positive identity and a community. This positive 

reframing of physical, emotional, and cognitive differences is necessary in schools. A final 

important concept in disability is learner variability (Rose, 2015), which emphasizes the natural 

variability in human cognition, emotion, and bodies. In short, we attempt to honor disability as a 

political and social identity while also adapting environments to be more accessible.  

 Students with disabilities have less access to challenging and meaningful mathematics and 

are more likely to be given mathematics instruction that is below grade level and focused on 

memorization (Jackson & Neel, 2006; Kurz et al., 2014). In previous work, this problem has 

been located in ideological and methodological differences between research in mathematics 

education and special education (Lambert & Tan, 2020). Inclusion of students with disabilities in 

meaningful mathematics is impacted by deficit thinking by educators, particularly myths about 

whether inquiry mathematics is suitable for students with disabilities (Lambert, 2018). In order 
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to include students with disabilities in challenging, engaging mathematics, teachers must grapple 

with deficit conceptions of students with disabilities. 

 Students with disabilities are also parts of complex systems such as special education which 

may contribute to this lack of access. Students with disabilities may also be taken out of 

classrooms during inquiry work to receive more procedural individualized instruction. These 

larger issues remind us that we need to consider this problem not only in the classroom, but also 

in teacher education, professional development, and larger systems such as special education.  

Differentiation in Mathematics  

 Returning our focus to mathematics classrooms, the problem of how to include a 

heterogenous group of students in collective learning in mathematics is a long-standing issue in 

education (Scherer & Krauthausen, 2010). Perhaps the most dominant strategy in the United 

States has been differentiation. Differentiation tends to refer to work in which the content, 

process, and product of instructional tasks are modified in such a way as to better address the 

range of learners (Tomlinson, 1999). Misconceptions tend to cloud teachers’ understanding of 

differentiation. These include the belief that differentiation requires individualization for every 

student and, therefore, is too time-consuming (Dack, 2019).  

 A different conception of differentiation has emerged within mathematics education. Natural 

differentiation (Scherer & Krauthausen, 2010) refers to the inherent complexity within high-

quality mathematical tasks, which create conditions for students to make choices about how they 

engage in the problems. Instead of providing multiple worksheets or creating ability groups, for 

example, all students receive the same learning offer. A teacher presents a task that offers the 

possibility of multiple questions to be explored and multiple solutions to be generated by 

students (Sullivan et al., 2020). Enabling and extending prompts can serve to promote 

participation in open-ended mathematics tasks. Enabling prompts support students experiencing 

challenges without the use of explicit direction, while extending prompts provide extension tasks 

for students who finish early (Sullivan et al., 2006b). As such, this “low floor, high ceiling” 

design can make mathematics more accessible to students with a wider range of prior 

knowledge. Sullivan and colleagues have also studied how to work individually with students 

doing such problems. When teaching with challenging tasks such as these, teachers also need to 

be prepared to engage in questioning that will support and extend student thinking (Sullivan et 

al., 2006). Teachers can determine these prompts while planning for differentiation and make 
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these questions available to all students during the lesson. This teaching strategy gives students 

choice, which promotes a sense of autonomy and empowerment. It may also limit teachers’ use 

of explicit guidance (Russo et al., 2020). This notion of a common mathematical offering as a 

form of differentiation stands in contrast to the typical use of the term: Instead of creating 

different learning offers for students at different levels, the learning offer is the same, and 

students enact the differentiation through their own choices.  

 However, teachers may believe that this type of challenging task is not appropriate for 

students with low prior achievement in mathematics (Russo et al., 2020). This general reluctance 

to provide challenging problems to students with disabilities can become more pronounced as 

teachers follow guidance, from special education research, that evidence-based practice for 

mathematics instruction should only be explicit or direct instruction. While there is a significant 

research base on direct instruction with students with disabilities, there is a much smaller set of 

research on including students with disabilities in inquiry mathematics (Lambert & Tan, 2020). 

We have argued that this imbalance has affected access for students with disabilities to 

meaningful, challenging, standards-based mathematics, as some educators falsely assume that 

inquiry mathematics is somehow inappropriate for students with disabilities (Lambert, 2018).   

Universal Design for Learning 

 Universal Design for Learning (UDL) is an approach to understanding classrooms and 

pedagogy grounded in the learning sciences and neuroscience (Meyer et al., 2014). UDL 

emerged from Universal Design, a movement in architecture and product design that sought to 

find elegant and effective ways to maximize the use of buildings and products. Rather than focus 

on the deficits of individual students, UDL refocuses on designing educational spaces and 

curriculum to include a wide range of learners from the outset. Instead of locating disability 

within individual students, disability is located in inaccessible classrooms, curriculum, and 

spaces. This is a radical reframing of disability from a medical to a social model. UDL is a useful 

and radical framework because of this shift in where disability is located — the potential of UDL 

rests in its power to redesign classrooms, curriculum, and systems to work better for students 

with disabilities.  

 Mathematics education has long been focused on engaging in challenging problems, 

modeling real and realistic situations mathematically, and justifying and defending one’s 

thinking to others (e.g. Schoenfeld, 1988). This focus emerges from research in the learning 
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sciences, which have documented the importance of engagement in these practices (National 

Academies of Sciences, 2018). UDL is similarly influenced by research in the learning sciences, 

and thus focuses on developing students to be life-long expert strategic thinkers (Meyer et al., 

2014). As a result of this goal, UDL has transformative power within mathematics education to 

shift the field away from the procedural instruction more commonly used with students with 

disabilities towards instruction that engages all learners in mathematics that lives beyond the 

classroom. 

 The developers of UDL also drew on neuroscience to identify three networks that factor 

significantly in learning: the affective, representation, and strategic networks of the brain (Meyer 

et al. 2014). Attending to the critical role that our affective networks, or socioemotional 

processes, play in learning helps teachers ensure that mathematics class is a purposeful, 

welcoming space (Bobis et al., 2011). Mathematics learning is about developing understanding 

of representations and the connections between them, making representation a central concern in 

mathematics (Lambert, 2020). Strategic networks relate to the role of student choice in how they 

solve mathematical problems and is also critical to developing their understanding (Scherer & 

Krauthausen, 2010). Students also need development in strategic planning, important in 

developing the executive functioning and self-regulation skills necessary for success in 

mathematics (Lambert, 2020). These three networks work together in the complex process of 

learning in content areas such as mathematics. Part of our project is the creation of UDL Math 

Design Elements, which connect the UDL Guidelines regarding the three networks (CAST, 

2018) to research specific to mathematics (Figure 1) (Lambert, under review).  

Figure 1 

UDL Math Design Elements 
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 Despite its radical promise, there are critical issues in UDL implementation. First, some 

practitioners mistakenly believe UDL is a framework only for students with disabilities and/or 

within special education, even though UDL applies to all learners. Perhaps as a response, work 

on UDL tends to reference “all learners” and may not even mention students with disabilities, 

thus sometimes erasing disability as a central concern (Dolmage, 2017). A second issue is that 

UDL is not tied to any particular content area and instead presents general guidelines that need to 

be applied across content areas. This can make it challenging, for example, for teachers to see 

how to apply the guidelines to mathematics. The final issue is the focus of this paper: the lack of 

a design process in UDL. Despite the inclusion of the word “design” in the title, UDL lacks a 

replicable but flexible approach. Smith and colleagues (2019), identify the tension between 

seeing UDL as passively following the UDL guidelines versus seeing UDL as a design process: 

“UDL is not simply a listing (emphasis added) of various flexible options and strategies; rather, 

it is a process (emphasis added) of designing intentionally to reduce cultural, cognitive, 

behavioral, and physical barriers” (Smith et al., 2019, p. 177). Moore (2017) similarly notes that 
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there are two general ways of approaching UDL: first seeing it as passive alignment with the 

guidelines and, second, as a design process. Smith and colleagues also noted a need to 

understand UDL beyond the design of curriculum, to incorporate/redesign/consider      systems 

and policies that are barriers for students at the margins.   

 While UDL emerged from Universal Design—a design process intended to create accessible 

architecture and products—it does not offer a specific process for teachers who want to use UDL 

to create curriculum, tools, spaces or systems. Some professional texts address this issue by 

proposing specific processes related to lesson planning (e.g. Ralabate, 2016) or curricular design 

(Basham et al., 2016). Edyburn (2010) notes that UDL must be recognized as a design process, 

but specifically associates the role of the designer with those who do instructional design, rather 

than the teacher. Across our work, we see teachers as designers and attempt to position and 

support them as such. However, this focus on a design process is not widely found in research on 

UDL and mathematics. In many cases, the only identifiable process is to look for alignment 

between lesson planning/instruction and the UDL guidelines (e.g. Courey et al., 2013; Owiny et 

al., 2019). We believe that this process of alignment will not produce the radical redesigns 

possible with UDL.  

 One reason we do not see alignment with the guidelines as sufficient is learner variability. 

Disability is complex, multifaceted, and differs in context. What teachers might consider the 

“needs” of students with disabilities and students’ actual “needs” (according to students 

themselves) are likely very different (Naraian, 2019). Experiences of those with disabilities are 

varied, and teachers cannot assume that what works for one student will work for all. Similarly, 

there are no set of UDL guidelines that allow teachers to understand the needs of students who 

are  Black, Indigenous and People of Color (Indar, 2018). These students are also students with 

special rights in mathematics (Gervasoni & Lindenskov, 2011),who have been systematically 

excluded from high quality instruction. Using UDL as a framework, teachers will need to 

develop empathy and understanding of the experiences of students at the margins of their 

classrooms through engagement in a design process.    

 This problem also connects to a problem of scale: how large or generalizable is the item 

being redesigned. For example, texts like Ralabate (2016) focus on the redesign of lesson plans. 

However, the disabling aspects of school go well beyond the unit of lesson plans. The UDL 

framework does as well. For example, the emphasis on engagement and motivation suggest the 
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need to make larger changes in schools than in lesson plans. "Lesson plan" is too small a design 

space. It doesn't take into consideration the effect of sequences of experiences or systems or 

patterns that exist within schools, such as segregated classrooms for students in special 

education. These are “wicked problems” (Buchanan, 1992), which is where Design Thinking 

comes in.  

Integrating Design Thinking  

  Design Thinking, as a concept, was first noted in 1987 in the work Design Thinking 

(Rowe, 1987) and originated in architecture, design, and art. Given its popularity and 

accessibility, it has since expanded well past its original scope to include the realm of education 

for both teachers and students alike. When used in educational settings Design Thinking mirrors 

the original process but with two subtle differences: the users tend to be students (not customers 

or clients) and the design space tends to include experiences, routines, tools and systems that 

support the larger goals of learning, participation and community (not products or services). As 

such, Design Thinking among teachers is seen as a collaborative, human-centered problem-

solving approach, popularized by institutions such as the Stanford University Design School (or 

“d.School”) and design firms such as IDEO. Design Thinking has positioned both teachers and 

students to see themselves as designers. While several variants exist, Waloszek (2012) suggests 

that the main stages of the process are the same: understanding the problem; observing users; 

interpreting the results; generating ideas (ideating); developing prototypes; and testing and 

improving the design. These stages are flexible and iterative — not a “predefined series of 

orderly steps” but rather a “system of spaces” (Brown, 2008, p. 88) where designers might re-

enter the process to gather more information or generate more ideas. 

  Educators often face problems of practice that are complex and varied, requiring flexible, 

interdisciplinary, and creative strategies. These kinds of “messy” problems — where no clear 

“right” or “wrong” solution exists — are well-suited to Design Thinking as a problem-solving 

tool (City et al., 2009). While the general premise of “teacher as designer” is well accepted, the 

applicability of Design Thinking in education is still developing. Cross (2001) argues that the 

Design Thinking approach may be difficult for teachers to make sense of on their own. Koehler 

and Mishra (2005) also note that teachers must experience designing as a learner in order for 

them to consider themselves designers. This conception of “teacher as designer” may challenge 

more traditionally held views of “teacher as doer” — that is, the design aspect of teachers’ work 
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is distinct from the implementation aspect. Designing requires the active construction of new 

ideas, while implementing often assumes that these ideas already exist (Carlgreen, 1999). In fact, 

argues Kirschener (2015), teachers are both designers and implementers. 

  Research on the impact of Design Thinking with in-service teachers is emerging. 

Henricksen, Gretter and Richardson’s (2018) study followed 22 K-12 teachers in a semester-long 

course which documented how Design Thinking impacted both their thinking and their problem 

of practice. They found gains in three major ideas: valuing empathy, becoming open to 

uncertainty, and seeing teaching as design. The practice of empathy was found to be not the idea 

of caring for students, but rather the idea of understanding students more authentically, 

including seeing educational experiences from the students’ perspectives. The teachers in the 

course began to shift their self-identities from “doers” to “designers.”  

   Design Thinking became a central feature of our course for several reasons. We believed, 

based on research, theory, and experience, that it could help teachers: 

● respond to the sudden and startling uncertainty that a global pandemic engendered 

● identify the “solvable” problems within their purview and generate real solutions in the 

form of prototypes 

● center their teaching on students who were most excluded from high-level learning in 

mathematics 

 Our theory of action assumed that Design Thinking would offer participants a specific and 

replicable process to be used again and again within their local context. By experiencing Design 

Thinking for themselves — within collaborative teams, grounded in problems of practice of their 

own making, supported by our guidance — we believed that teachers might take up a “teacher as 

designer” identity. Finally, the historical moment of our course suggested the urgency for a 

problem-solving approach for teachers that was innovative and forward-looking. While other 

methods might have focused on “what is,” we trusted that Design Thinking would support 

participants to envision “what might be” (Owen, 2005). 

 

Methods  

  Design research studies have been described as iterative, process-focused, utility-

oriented, and theory-driven (Cobb et al., 2003). The iterative aspect of design research manifests 

as a series of design-analysis-redesign cycles that the researcher typically undergoes. Design 
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studies are considered process-focused in that they trace, for example, a teacher’s understanding 

of a concept across time. They are utility-oriented in their attempt to engineer and improve 

outcomes, for example, the effectiveness of instruction. Finally, design research is theory-driven: 

hypothesizing, testing, and ideally advancing theory about instructional design. Given our desire 

to study the development of teachers’ understanding of UDL and Design Thinking within the 

context of mathematics, a design research study provided the best method to investigate 

questions while generating some emergent theories as well.  

  Within mathematics education, teaching experiments within design research provide 

opportunities for researchers to experience students’ mathematical learning and reasoning 

firsthand (Steffe & Thompson, 2000). Teaching experiments are poised to “develop theories, not 

merely to empirically tune ‘what works’” (Cobb et al., 2003, p. 9). These theories are typically 

not “grand” in nature but do contribute to domain-specific ideas about learning, knowing and 

understanding. In this study we wanted to test our theory of action — that when teachers are 

taught the tools of Design Thinking, with the theoretical framing of UDL, they may be 

empowered to design innovative curriculum, experiences, spaces, tools and systems. Our 

summer course was therefore a  teaching experiment in which we tested this theory of action, 

using cycles of design-analysis-redesign, which are a hallmark of design research. Our collective 

expertise and experience in mathematics education, disability studies, and Design Thinking was 

a strength of this design, allowing us to craft a theory of action from which to simultaneously 

build, modify, and study a professional development course for teachers.  

Teaching Experiment 

 Our teaching experiment was a 6-week course for educators in the state of California in 

summer 2020. The class was designed and facilitated by the first author, a researcher and 

professional developer in UDL and mathematics, the second author, a researcher and 

professional developer in mathematics and Design Thinking, and an additional facilitator who 

was an expert in designing professional development in mathematics and UDL. Course 

outcomes, related to both UDL and Design Thinking, for participants were: 

1. We see ourselves as designers. 

2. We build a design community. 

3. We take up design thinking as a problem-solving practice. 

4. We listen to users and design for them. 
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5. We break stuff and have fun. 

6. We rethink our ideas about disability. 

7. We appreciate, celebrate and make use of learner variability. 

8. We understand Universal Design for Learning as a design process. 

9. We develop new understandings about how UDL applies to math teaching and learning. 

10. We create equitable, inclusive mathematics experiences for children, families and 

teachers. 

The course was designed to be highly interactive, with an emphasis on collaborative work (Table 

1). Participants used Zoom, Google Docs, and Mural, a collaborative whiteboard space. 

Activities included short video lectures on UDL, access and empathy, and learner variability. We 

also included activities to introduce participants to the disability rights movement.  

Table 1  

Description of Class Sessions 

Class Session Topics Homework due this session 

1 Introduction to UDL 

Rapid Design Challenge 

  

2 Rethinking Empathy and 

Accessibility in Mathematics 

Empathy Interviews 

Reading: articles on UDL and 

Mathematics, disability and 

mathematics. 

Writing: Core beliefs about teaching 

and learning mathematics 

3 Learner Variability in Mathematics 

Defining the Problem 

Watching or Listening: Disability 

Rights podcast or documentary 

Writing: What is not working in your 

practice right now? 



Prepublication Draft: Lambert, R., Imm, K., McNiff, A., Schuck, R., & Choi, S. (in press at Mathematics Teacher 
Education and Development) 

13 
 

4 UDL Book Groups 

Analyze Empathy Interviews 

Developing How Might We 

Questions 

Reading: Choice between four 

different books on UDL and/or 

disability rights in education 

Conduct empathy interviews with your 

users 

5 Designing from the Edges in 

Mathematics 

Developing Prototypes 

 Design Team meetings with 

facilitators 

Wild Brainstorming 

6 Sharing Prototypes Final Prototype 

Note. Items in italics were done with the Design Team. 

 Throughout the course, participants collaborated in design work. In session 1, for example, 

participants engaged in a one-hour rapid design challenge, re-imagining and prototyping a “work 

from home” environment for their colleagues. Next, participants conducted empathy interviews, 

first with colleagues, then identifying real-world users to interview. By session 3, all participants 

were assigned to a Design Team based on who they hoped to design for (users) and what they 

hoped to design (curriculum, spaces, interactions, or systems). Having experienced the entire 

Design Thinking process (through simulation and other activities), teams used the remaining 

sessions to work through the process at their own pace. Each team created their own How Might 

We question to investigate that was connected to the problems of practice they were facing in 

terms of teaching mathematics through distance learning. Each team was supported by one of the 

course facilitators who provided feedback and guidance along the way: helping to develop a 

problem of practice, analyzing empathy maps, or joining them for “wild brainstorming.” In the 

final session, each Design Team presented their prototype for feedback from other teams. 

Prototypes included redesigns of classroom curriculum, engagement with families, and 

professional development for teachers. 

 Consistent with design research, our team of facilitators met frequently, before and after each 

class to debrief and plan. Since participants initially reported deeper knowledge of UDL 

compared to Design Thinking, we prioritized Design Thinking in our lesson plans.  
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Participants 

 Participants were recruited through a state-wide mathematics education organization. An 

email with the opportunity was sent to all members of the organization. As most members of this 

community were out-of-classroom educators working in county or district offices, we invited 

members of the collaborative to bring classroom teachers with them to the class. We also invited 

classroom teachers from another research project on UDL and mathematics to join. We did not 

exclude any participants.   

 We asked participants (N=45) to self-identify in terms of gender, race, and disability status. 

We use participants’ own identifiers as much as possible in this demographic data. The majority 

identified as women (35), three identified as men, and seven did not state their gender.  

Participants indicated their race as White (n=17), Latinx (n=8), Asian-American (n=7), African-

American (n=1), Native American (n=1), Middle Eastern (n=1), and one participant described 

themselves as “mixed.” Nine did not state their race. Four participants identified as disabled.  

 As a whole, our participants were a highly experienced group of educators. Ninety-three 

percent of participants had more than five years of teaching experience in K-12 special education 

and/or mathematics classrooms, and 75% had more than ten years of teaching experience. 

Twenty-three were currently employed as administrators or in curriculum positions at the county 

or district level, six were currently working as mathematics coaches, and 16 were classroom 

teachers. Twelve of the 45 participants had a special education teaching credential. 

Data Collection  

Course Development Data 

 The course facilitators met frequently to design, teach, study, and refine the course. Data on 

our course development include field notes, transcripts of video-recorded meetings, and emails. 

Other sources of data on our course were video recordings of class sessions, including Design 

Team meetings, and class artifacts such as participants’ reflective writing, in-class activities, and 

evolution of prototypes. We also asked participants for feedback after each session, which 

became part of the data. 

Course Survey 

 Participants filled out surveys on Qualtrics before and after participating in the professional 

development course. Forty-four participants completed the pre-course survey, and 33 completed 
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the post-course survey. At both timepoints, participants were asked to rate their familiarity with 

central course ideas on the following scale: none at all, slightly, somewhat, moderately, 

extremely. They were also asked to answer open-ended questions regarding their knowledge of 

key topics. In the post-course questionnaire, participants were also asked to rate how much they 

felt they had experienced growth (none, some, or definite) in the course outcomes. See Appendix 

A for a list of survey questions.  

Data Analysis 

 Our analysis of Design Teams took the shape of individual case studies of each Design 

Team. After collecting data on each team (e.g., researcher field notes, transcripts of Design Team 

meetings, artifacts of their planning process, and final prototypes), we compiled an analytic 

memo for each team focused on their process (Maxwell, 2013). This analysis of the design 

process is not a central concern of this paper, which is focused on participant conceptions of 

UDL and Design Thinking. However, we use the example case study of one representative 

Design Team to assist the reader in better understanding the course.   

 Participant response patterns to quantitative survey questions are displayed visually. 

Qualitative analysis of textual survey questions included both data-driven and theory-driven 

codes. We conducted open and axial coding of transcripts, with themes emerging from the data 

(Corbin & Strauss, 1990). We also created a priori, theory-driven codes related to the constructs 

of UDL and Design Thinking (DeCuir-Gunby et al., 2011). One member of the team read 

through all responses, extracting emergent themes and categories from each excerpt (defined as 

the response to a single question by one participant). We then used axial coding to combine 

codes into broader categories, re-coding all excerpts with the new categories. We discussed 

codes in multiple team meetings, coming to consensus on all analyses. We conducted focus 

groups approximately 6 months after the end of the course as a member check.  

 

Findings 

Overview of Findings 

 We begin by presenting an analysis of the process of one Design Team through the 

course. This analysis, in the form of a case study, provides a specific case of the trends that 

appear in both the qualitative and quantitative data across all study participants and provides 

additional context to better understand our course. Next, we address our research questions 
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regarding shifts in how participants conceptualized UDL and Design Thinking before and after 

our course using pre- and post-survey data. Finally, we explore how participants understood the 

relationship between UDL and Design Thinking, with a specific discussion on the role of 

empathy across these processes.   

Case Study of a Design Team  

 Our case study focuses on a single design team, Design Team 1 (DT1). We chose this 

team because their process involved themes that were consistent across design teams, making 

them a representative case. The team consisted of four experienced educators: three professional 

developers and one high school classroom special education teacher who taught mathematics. 

Their shared goal was designing professional development for special education teachers to 

prepare them for teaching mathematics through distance learning in the fall, as all participants 

were engaged in district level professional development, including the classroom teacher. As part 

of their design process, members of DT1 conducted empathy interviews with five special 

education teachers to learn more about the experience of teaching mathematics online during 

spring of 2020.  

Figure 2  

Design Team 1 Analysis of empathy interviews with special education mathematics teachers 

after spring 2020. 
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 The interview notes were codified into an empathy map — a Design Thinking tool that is 

used to capture salient thoughts and feelings of the interviewee, as well as analysis of body 

language during the interview (Figure 2). Each color in the map indicated a different teacher that 

was interviewed.1 In their discussion of the interviews, members of DT1 focused on how the 

interviewed teachers expressed a need to get “back to basics.” This was upsetting to these 

participants, whose work had long focused on helping teachers shift towards the use of 

challenging problems with low floors and high ceilings. From the perspective of the DT1, 

 
1 We would remove this sentence if it is printed in black and white. 
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distance learning was moving these special education teachers to a more procedural mathematics 

— exactly the wrong direction. Having completed and analyzed several empathy interviews, the 

team began to define the problem and wrote the following problem statements: 

● Teachers feel like students are more engaged when they have videos, games, are problem 

solving and are solving real world, relevant problems. 

● Teachers feel like they need to spend the majority of their time with fact fluency. 

● Teachers want to change activities to individual problem-solving instead of group 

problem-solving because of distance learning.  

● More difficult to re-engage students with distance learning (paraeducators not in close 

proximity).   

 
Consistent with the Design Thinking process, they then used these problem statements to 

construct a How Might We question (their design question): How might we help teachers 

understand “what mathematics is”? Our initial observations of DT1 suggested that they shared 

the idea that “fixing” these teachers, or finding a way to prove to them that they were wrong to 

move away from inquiry-based mathematics, was the goal. Such a goal, however, led them away 

from the core principles of Design Thinking, in which the users’ experiences and ideas supersede 

the designers’.   

 A course facilitator invited the team to explain the connections between the empathy 

interviews and their How Might We question. After explaining how their How Might We question 

came from users, through understanding their experiences with empathy, DT1 decided to change 

their question. They identified comments from the special education teachers that indicated their 

desire to give challenging problems, coupled with concerns about how to do so online. The team 

decided that the teachers did not know how to differentiate using challenging tasks in distance 

learning and needed to experience solving tasks online. As a result of this subtle intervention and 

subsequent discussion by the team, the How Might We question shifted from How might we help 

teachers understand “what mathematics is”? to How might we build opportunities for teachers 

to engage students in problem solving in the math classroom?  

 The team’s next task was to ideate (or “wild brainstorm”) possible solutions to their 

question. As their conversation developed, DT1 discussed how the special education teachers 

they interviewed had little or no experience doing challenging problems virtually, and so would, 
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of course, have difficulty imagining this shift. This recognition of teachers’ experiences was 

another important shift away from a deficit conception of these special educators towards one 

grounded in an empathetic listening to their experiences. As they selected ideas from their 

brainstorm to prototype, the team decided to create teams of special education teachers, 

paraprofessionals, and students who would collaboratively tackle challenging problems virtually 

through a virtual mathematics competition. Their design demonstrates how closely connected 

their prototype was to their empathy maps, as they included the empathy map in their final image 

(Figure 3). 

Figure 3  

Design Team 1 Prototype 

 
 We saw a shift in this team from seeing teachers as broken, so much so that they felt they 

needed to teach the teachers what mathematics actually was, to a perspective on teachers that 

acknowledged their complicity as mathematics teachers. The difficulty doing challenging 

problems online was reconceptualized from a lack of understanding to a lack of experience. 

Their solution was designed around the area of engagement in UDL, noting that collaborative 

mathematical problem-solving would uniquely create the conditions for more challenging 

problem solving by creating confidence, increasing mathematical agency (Boaler & Sengupta-

Irving 2016). 

 The innovation that the teachers, paraprofessionals, and students would tackle problems 

together is an important shift, which could create new conditions for mathematical teaching and 

learning for both students and educators.  
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Overall Findings on Course Outcomes 

 Many of the trends that appeared in the analysis of DT1 were found in analysis of the 

survey data across all participants. Participants reported growth on all ten course outcomes 

(Table 2), with the majority of participants indicating “definite growth” on most outcomes. Less 

than 50% of participants indicated “definite growth” in just three course outcomes (outcomes #5, 

8, and 9). Course outcome survey results are discussed throughout the remainder of the findings 

section where relevant to qualitative findings.  

Table 2 

Number of Participants Indicating Growth in Course Outcomes 

Course Outcome No 
Growth 

Some 
Growth 

Definite 
Growth 

1. We see ourselves as designers. 1 8 24 

2. We build a design community. 0 11 22 

3. We take up design thinking as a 
problem-solving practice. 

0 8 25 

4. We listen to users and design for 
them. 

0 7 26 

5. We break stuff and have fun. 3 20 10 

6. We rethink our ideas about 
disability. 

0 6 27 
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7. We appreciate, celebrate, and make 
use of learner variability. 

0 8 25 

8. We understand Universal Design for 
Learning as a Design Process. 

0 19 14 

9. We develop new understandings 
about how UDL applies to math 
teaching and learning. 

1 19 13 

10. We create equitable, inclusive 
experiences for children, families, 
and teachers. 

1 16 16 

 

Shifts in Conceptions of UDL  

 Few participants came into the course with no knowledge of UDL (Figure 4), with most 

indicating they were somewhat (29.5%) or moderately (34.1%) familiar with UDL. Post-course 

responses demonstrated a shift towards familiarity.  

Figure 4 

Familiarity with UDL at Pre- and Post-Surveys 

 



Prepublication Draft: Lambert, R., Imm, K., McNiff, A., Schuck, R., & Choi, S. (in press at Mathematics Teacher 
Education and Development) 

22 
 

We also analyzed textual responses pre- and post-course for the question: What is 

Universal Design for Learning? for the 33 participants who completed both timepoints. Prior to 

participating in the course, many respondents defined UDL as a framework or approach to lesson 

planning and teaching. Descriptions of UDL related to the idea of framework included: 

approach, principles, guidelines, and structure. One participant provided the following 

definition: “UDL is a framework for planning & delivering instruction that intends to teach to 

ALL students.” Defining UDL as a framework alone suggested that participants may have 

interpreted the practice of UDL as a passive practice or system to follow precisely, rather than as 

a process in which mathematics educators actively engage. In the post-survey, participants used 

the term “framework” less frequently. In the pre-survey, 20/33 responses were coded as passive 

and 9/33 as active (4 did not provide enough data to code in this area). Following the course, 

9/33 were coded as passive and 24/33 as active. In passive responses, participants seemed to 

perceive the UDL framework itself (not the teacher) to be the driving force behind creating an 

equitable and accessible classroom environment. In the active definitions, educators applied 

UDL and often used verbs to describe the term. For example, a participant defined UDL as 

“Designing for the jagged profile of each learner; designing learning opportunities that remove 

potential barriers for learners.” The following pre- and post-responses to the question What is 

UDL? further illustrate this shift in conceptualization: 

Pre-survey: Universal Design in Learning is an approach to teaching where lessons are 

presented in a way to teach all learners.  

Post-survey: Designing classrooms and curriculum to reach all students by designing 

around student's needs. 

Some participants (7/33) framed UDL passively in both pre and post-surveys. The majority of 

these participants described UDL as a framework, approach, or set of guidelines.  

Shifts in Conceptions of Design Thinking  

Compared to UDL, participants came into the course with limited knowledge of Design 

Thinking (Figure 5), with the majority indicating that they were not familiar (36.4%) or only 

slightly familiar (32.8%) with it. After the course, over 70% of participants indicated moderate 

or higher familiarity. Most of the participants who completed the post-survey indicated 

significant growth in their understanding of themselves as a designer (Table 2).  

Figure 5 
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Familiarity with Design Thinking at Pre- and Post-Survey 

 
 

We also analyzed responses to the question, What is Design Thinking? What is its 

purpose? in pre- and post-course surveys. Initially, teachers’ conceptions of Design Thinking 

varied. Those who reported no or limited knowledge of Design Thinking tended to describe it in 

general terms such as “looking at problems from many different ways” or “designing many 

things with the end user in mind.” These teachers tended to note some kind of creative process 

that was focused on a specified user, sometimes an “individual” and other times an “audience.” 

For those who reported more prior knowledge of Design Thinking, they referred specifically to 

some part of the process, including but not limited to developing empathy, designing prototypes 

or gathering feedback.  

Data from the post-survey suggests some conceptual shifts. Most teachers used the phrase 

“user” or “user-centered” or even “human-centered” and proceeded to explain how designs were 

focused on such users’ needs. Several named all five stages of the process: “empathize, define, 

ideate, prototype, test” with empathy being the aspect that appeared most frequently. Teachers 

also noted that the design process was not “a one-time act” but rather “iterative,” “cyclical,” 

“continual,” or that it “repeats.”  
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Absent from the initial data was any reference to Design Thinking as a collaborative 

endeavor. In the post-survey, however, there was some mention of this important facet, which 

emerged in the following ways:  

● change in pronouns from singular to collective (from “as a designer, I…” to “we are 

designing for…”)  

● explicit mention of design teams 

Defining the Relationship between UDL and Design Thinking. 

 While growth in understanding of UDL and Design Thinking are positive outcomes, our 

ultimate theory of action was to connect the two disciplines so that UDL might be used as a 

design process. In this section, we discuss shifts in participant conceptualizations of the 

intersections between UDL and Design Thinking. Our analysis revealed that, in fact, many 

(though not all) participants saw the connections and had clear ideas on how to use them in their 

future work.   

 In response to the post-survey question, What connections do you see between UDL and 

Design Thinking? almost half of participants explicitly mentioned empathy and putting users at 

the center. A representative response included, “The fact that both are centered on the unique 

needs of the user; the ways in which both draw on understanding the user first and last.” 

Responses mentioning student-centered or user-centered methods often overlapped with 

characteristics of an empathetic approach. As one participant explained, “I now see over and 

over again people designing learning experiences from their perspective without being able to 

see how the user might experience it. I can't unlearn starting with the user and what they need.”  

 When asked, How might this course impact your work as an educator?, the most 

pronounced set of impacts were connected to empathy (17/33).  Participants noted how focusing 

on the user, beginning with empathy interviews, could impact their practice: “I think I will be a 

better listener-and have more curiosity about my student's ways of knowing.” Participants also 

linked empathy to Design Thinking in the school context:  

It has helped in giving me the lens of starting with empathy. Of course all educators 

empathize with their students, but I loved the idea of really sitting with students and problem 

solving based on their individual perspective instead of just my own and patterns in data. It is 

going to give my work more heart. 

Participants’ recognition of the importance of empathy within Design Thinking and UDL also 
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emerged in responses to the question regarding the course outcome “We listen to users and 

design” (Table 2).  

In addition to an increased recognition of the centrality of empathy in both Design 

Thinking and UDL, participants began to theorize the relationship between Design Thinking and 

UDL. Specifically, 7/33 responses described Design Thinking as the how behind the what of 

UDL. To illustrate, one participant wrote, “UDL is both the Why and some How, where DT is a 

How for me and for systems.” Others made connections between the Design Thinking process 

and the application of UDL, such as: “UDL is designing from the margins. Design thinking is a 

process that we can use to design from the margins if we are intentional about the process.” 

This finding was further bolstered by responses to other questions, such as What is 

Design Thinking? In response, a few teachers explicitly articulated the relationship between 

Design Thinking and UDL by suggesting that Design Thinking “allows UDL to concretely be 

done.” That is, Design Thinking is how we achieve the goals of the UDL framework. Said 

differently by another participant, it is a “process that we can apply to instructional or other 

design work we do to put the user at the center, think broadly and flexibly, then collaborate about 

possible solutions to design challenges we identify.”  

Some participants stated that they would use UDL and Design Thinking in tandem. They 

also seemed to express a greater appreciation for the connections between UDL and Design 

Thinking. Learning about Design Thinking may have enhanced or revitalized participants’ 

understandings of UDL and its application. One participant stated,  

Without a doubt this course has both refreshed where I was in my UDL learning and 

deepened both my understanding about the why and how - with Design Thinking - to 

make UDL a practice that is the system-wide expectation in mathematics and other 

classes.  

Other participants focused more on how the design process would impact their future work: “I 

am excited to use the design process to examine my classroom (virtual and IRL [in real life]) and 

create new systems that are more inclusive, intentional, and beautiful for students in my school.” 

 Although less than 50% of participants indicated definite growth in course outcome “We 

understand Universal Design for Learning as a Design Process,” we did see evidence in 

participants’ open-ended responses that interweaving UDL and Design Thinking gave educators 

a process that they could use to challenge broken educational systems and curriculum. When 
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asked about the relationship between UDL and Design Thinking, one participant noted, “They go 

hand in hand, you cannot have one without the other. To design for universal learning is to think 

outside the box and challenge traditional education methods.” Participants noted that in order to 

solve intractable educational problems, you needed to radically rethink them. Design Thinking 

provided a means for doing so. One participant stated,  

Design thinking allows for people to look at the underlying causes of a problem and then 

brainstorm ways to overcome the issues. In the classroom, the issues are generally around 

increasing learner outcomes. By looking deeply at the problem, teachers can begin to design 

multiple paths for all students to accomplish the learning goals, so that each student can make 

the journey and feel accomplished. 

Participants also shared that they would be more reflective in their planning and teaching. A 

participant wrote, “It's making me more thoughtful, I'm questioning practices, not that they are 

wrong, just reflecting, seeing things with new eyes.”  

We also saw some evidence that the combination of practices was particularly useful in 

“uncharted times”, as one participant reflected on how UDL and Design Thinking could be used 

in tandem to redesign lessons based on empathy interviews:  

While planning a lesson, simply asking students to reflect on their experience in the 

classroom (empathy interview) and then thinking outside the box on how to resolve some 

sticky points would help us design lessons to better meet students' needs, especially in this 

uncharted time where we don't really know what does/doesn’t work for students. 

Again, we saw that participants began to conceptualize the relationship between Design 

Thinking and UDL as sharing a focus on empathy for the users. 

Discussion  

 Differentiation can offer meaningful inquiry-based mathematics instruction for students at 

the margins. In order to implement natural differentiation within mathematics education, teachers 

need the knowledge of and a process for designing accessible and engaging mathematical 

curriculum, routines, tools and spaces. Our theory of action was that by bringing together the 

principles of Universal Design for Learning in mathematics and the process of Design Thinking, 

participants would gain the conceptual understanding and experience with UDL and Design 

Thinking that would in turn allow them to design high-quality mathematics instruction for 

students with disabilities.    
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 Across our data, we saw evidence that participants deepened their understanding of both 

UDL and Design Thinking and began to see how they might interact to enact change. While 

these findings mattered particularly in the immediate context of a global pandemic, we argue our 

findings have power post-pandemic as well. The exclusion of students with disabilities within 

mathematics education existed prior to the pandemic, and any return to “normal” will likely only 

exacerbate this problem. Students with disabilities and those with special rights in mathematics 

have long been shortchanged in their access to challenging mathematics (Gervasoni & 

Lindenskov, 2011; Lambert, 2018; Jackson & Neel, 2006). In order to shift traditional practices, 

we need to empower educators to challenge unjust systems and to redesign them to better serve 

students at the margins. That Design Thinking gives UDL a process not only for redesigning 

curriculum and spaces but also for systems is perhaps its greatest potential.  

 In this paper, we detailed growth in participant knowledge of both UDL and Design 

Thinking. Perhaps more importantly, we noted a shift in how participants understood the 

relationship between them. As noted earlier, participants’ perceptions of UDL shifted from a 

passive (something received) to an active (a way to make change or solve problems) process. 

Perceptions of Design Thinking became more collaborative, with a more developed 

understanding of the process of Design Thinking. Recall also that one of our course goals was to 

enable mathematics educators to see themselves as designers, as has been documented in other 

research on Design Thinking (Henricksen et al., 2018). We posit that these shifts in discourse do 

suggest a shift towards seeing oneself as a designer, as suggested by the 24 participants who 

noted “Definite Growth” in the related course outcome (We see ourselves as designers).  

 Developing understanding of empathy as central to Design Thinking in education has been 

successful in previous research on Design Thinking (Henricksen et al., 2018). In our study, 

participants not only came to understand empathy as an important part of the design process, but 

as integral to UDL as well. While empathy has previously not been a core feature of UDL, we 

emphasized it, drawing from UDL’s origins in Universal Design, which -- like Design Thinking -

- is grounded in an empathetic stance. Our study suggests, however, that empathy is a natural and 

powerful aspect of the intersection between UDL and Design Thinking. We theorize that these 

strong feelings about empathy come from participants’ empathy interviews with users. As we 

saw in the case study of Design Team 1, it is easy to shift back to one’s own perspective. Being 

accountable to the actual expressed needs of the users is a powerful way to make mathematics 
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educators accountable to the children they serve. Designing mathematics classrooms with and for 

students at the margins could be a transformative way to exact meaningful change. We hope to 

continue to study how the idea of an empathetic stance might transform mathematics teaching 

and learning. 

 We also saw evidence that a significant number of participants constructed an understanding 

of Design Thinking as the how for UDL. There has been critique of how UDL is presented to 

teachers as passive alignment with a set of guidelines (Moore, 2017) -- a passive way of 

engaging the teacher. Others have argued for the centering of a design process in UDL (e.g. 

Smith et al., 2019); however, such processes thus far have been focused on instructional design. 

Our vision was slightly different: that is, in order to design from the margins, we need to design 

more than curriculum. Further, all design needs to begin in users’ experiences, not in standards. 

The course we designed, and the corresponding design experiment, was a manifestation of this 

vision — a chance to test these ideas with educators to advance this emerging theory.  

  In the case study of Design Team 1, we see the importance of both empathy and the design 

process. The deficit framings of special education teachers as needing to be fixed were shifted 

within the design team process. We saw that when a facilitator held participants accountable to 

explain the connections between their empathy interviews and their design question, the 

participants revised their design question to respond to users’ actual words and experiences.  

 Overall, the results of our study suggest that this professional development can provide 

teachers with a process to: enact UDL in the classroom, design from the margins, and see 

themselves as designers. These ideas felt particularly timely and useful during the uncertain 

times of the COVID-19 pandemic.  

Limitations 

 We acknowledge two notable limitations of the current study. First, while we demonstrated 

shifts in teacher knowledge related to UDL, Design Thinking, and the relationship between them, 

we were not able to study how these shifts impacted practice as K-12 classroom teachers and 

district leaders. Understanding the way participants made use of these new understandings is of 

critical interest, but remained outside the possibilities for this current study. Second, for the 

intersection of Design Thinking and UDL to have real power, we would need to demonstrate the 

effects of the prototypes designed in our course. Our intense six-session summer course did not 

allow participants enough time to test and refine their prototypes for their users. Understanding 
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the effects of these designs on users is vital, but was not part of the current iteration of our 

research. These prototypes have the potential to create greater access for students with 

disabilities, their teachers, and their families, and we look forward to studying the impact of such 

prototypes in future studies. 

Implications 

 We end with a series of questions to guide future work. If educators took up the notion of 

teacher as designer, and saw themselves as designers of things beyond curriculum, how might 

they rethink and re-imagine new spaces, experiences, structures, relationships, and systems for 

students with disabilities? If teachers began to see the power of empathy, not simply as caring for 

students but also as deeply understanding their experiences, how might they dismantle pervasive 

deficit models in lasting ways? Finally, if educators were reminded of the joyful and creative 

power they have, as many in our course expressed, how might they unleash this power to 

differentiate for a wider range of students? 
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Appendix A 

 

Survey Questions 

1. What is Universal Design in Learning?* 
2. What is Design Thinking? What is its purpose?* 
3. What do you design in your current work?* 
4. What do students with disabilities need in math?* 
5. Rate your familiarity with the following topics. - Design Thinking* 
6. Rate your familiarity with the following topics. - Universal Design for Learning* 
7. Rate your familiarity with the following topics. - Research base of UDL* 
8. Rate your familiarity with the following topics. - UDL Principle of Engagement* 
9. Rate your familiarity with the following topics. - UDL Principle of Representation* 
10. Rate your familiarity with the following topics. - UDL Principle of Action and 

Expression* 
11. Rate your familiarity with the following topics. - Using UDL in Math Classrooms* 
12. Rate your familiarity with the following topics. - Learner variability* 
13. Rate your familiarity with the following topics. - Designing from the edges* 
14. Rate your familiarity with the following topics. - Neurodiversity* 
15. Rate your familiarity with the following topics. - Social Model of Disability* 
16. Rate your familiarity with the following topics. - Connections between UDL and 

Culturally Responsive Pedagogy* 
17. What did you learn about disability in this course? Does that matter in your work? 
18. How might this course impact your work as an educator? 
19. If this course was 10 sessions rather than 6 sessions, what content areas would you like 

expanded? Why? 
20. What connections do you see between UDL and Design Thinking? 
21. What did you learn about UDL in this course? Was the content or presentation different 

than in previous learning about UDL?  How would you improve the work on UDL in 
the course? 

22. What did you learn about Design Thinking for Educators in this course? Was the 
content or presentation different than in previous learning?  How would you improve 
the work on Design Thinking in the course? 

23. This version of the course included district and county administrators, curriculum 
specialists, coaches, and teachers. If the course was focused on teachers, what (if 
anything) do you think we would need to change? 

24. Anything else you would like us to know? 
 

Note. *Question appeared on both the pre- and the post-survey. The remaining questions were 

only on the post-survey. 

 


