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Abstract

:

This paper describes two myths that circulate widely about the potential of students with Learning Disabilities to learn mathematics: (1) that students with Learning Disabilities cannot benefit from inquiry-based instruction in mathematics, and only from explicit instruction; and (2) that students with Learning Disabilities cannot construct their own mathematical strategies and do not benefit from engaging with multiple strategies. In this paper, I will describe how these myths have developed, and identify research that counters these myths. I argue that these myths are the unintended consequences of deficit constructions of students with Learning Disabilities in educational research. Using neurodiversity to frame disability as diversity rather than deficit, I assert that students with Learning Disabilities can learn mathematics to the highest levels, and that these limiting mythologies hold them back.
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1. Introduction


The majority of students with disabilities [1] in the United States are being included in general education mathematics classrooms. This requires special educators and mathematics educators to collaborate in the design and implementation of mathematics curriculum that meets the Common Core State Standards for Mathematics [2]. These standards ask that students develop both conceptual and procedural knowledge, as well as engage in mathematical practices such as argumentation and problem-solving. Collaboration between special educators and math educators is complicated by different pedagogical recommendations from special education, which tends to recommend explicit instruction for students with disabilities, while mathematics education tends to recommend an inquiry approach to mathematical learning [3,4]. This creates uncertainty for collaborating professionals, who are forced to navigate seemingly contradictory recommendations about best practices [3].



The situation is further complicated by widely circulating deficit-based myths which limit the mathematical potential of students with disabilities. As a researcher on mathematics and disability, I frequently hear that students with Learning Disabilities (LD) cannot construct their own strategies when solving math problems, and that multiple strategies confuse them. I hear that direct instruction is the only effective pedagogy for students with LD, and that students with LD cannot benefit from inquiry-based mathematics instruction. I even hear that students with LD cannot learn concepts in mathematics. These myths circulate in staff rooms, professional development, and even in academic research. These myths are not relics of the past. In February of 2018, I read this tweet from a thoughtful math intervention teacher, seeking evidence to refute these myths: “Many times, I hear Ss with learning disabilities cannot think conceptually. Should just be given procedures. Is there research out there to refute this?” (Tweet quoted with permission). What exactly does it mean to say that a person, any person, “cannot think conceptually”? Where would such a statement come from? Consider the following quote published in a prominent special education journal in 1998:


“The premise that secondary students with LD will construct their own knowledge about important mathematical concepts, skills, and relationships, or that in the absence of specific instruction or prompting they will learn how or when to apply what they have learned, is indefensible, illogical, and unsupported by empirical investigations.”.



([5], p. 161)




Here, it is asserted that students with LD cannot construct their own knowledge in mathematics. Such a statement is itself indefensible, illogical and unsupported. To argue that any human is utterly incapable of thinking, of “constructing their own knowledge” is a shocking statement, rooted in a view of learners with LD that defines them by perceived deficits alone. Such ableism, or discrimination against those with disabilities, should not be tolerated in any field, but particularly in educational research.



When educators assume that students with LD are not capable of developing strategies, or of learning from inquiry-based methods, these students will be denied access to a well-rounded, rigorous mathematical curriculum such as outlined in the CCSS. Students with LD, as well as those who are labeled as low achieving in mathematics, are offered a more procedural mathematics when compared to their peers [6,7]. The documented positive outcomes of an inquiry approach to mathematics, not only in mathematical knowledge [8,9,10,11], but in developing student identities as agentic problem-solvers and a positive relationship towards mathematics [12,13], mean that we can no longer allow such beliefs to curtail the mathematical potential of students with LD.



When I consider the risks inherent in these myths, I think of the many students with LD that I have taught mathematics, such as Luis. Luis (A pseudonym) is Latino, with LD. When he was in middle school, he was a participant in a study of mine following students with LD through their sixth- and seventh-grade mathematics classrooms [14]. Luis adored conceptual work in mathematics, calling it “problems that give me problems,” with a smile. He contrasted conceptual work with “worksheets, which are nothing”. If his teacher gave a particularly interesting math problem and then moved on, more than once I saw him hide the problem under his textbook and work on it in secret. Indeed, Luis, and many other students like himself, relished and excelled at conceptual mathematics; it was procedural mathematics that challenged Luis.



In this paper, I will describe for how these myths have developed, as well as present empirical evidence that debunks them. I argue that these myths are the unintended consequences of pervasive deficit constructions of students with LD, and educators must move beyond these deficit conceptions to truly discover the mathematical potential of students with LD. I assert that students with LD can learn mathematics to the highest levels, and that these limiting mythologies hold them back.




2. Rethinking Disability


In this paper, I focus on Learning Disabilities (LD), the largest disability category in United States schools; 42% of all students in special education are categorized as LD [15]. I assert that ALL students with disabilities can make meaning in mathematics, with unlimited and often unrecognized potential as mathematicians. I focus on LD because it is the largest category, as well as because the majority of published research in mathematics focuses on LD. Specific Learning Disabilities is the umbrella term used in US law for students with dyslexia (LD in reading), dyscalculia or a Mathematical Learning Disability (LD in math or MLD), and dysgraphia (LD in writing), among other subgroups [15]. LD and MLD classification have long been contested fields [16,17], not only in the definitions of these disabilities, but in differentiating between those with LD, and those who are having difficulty in school, but do not qualify for an LD label.



Multiple theoretical models can be used to frame disability. Disability in educational research is typically framed using a medical model, focusing on finding and remediating cognitive deficits [18]. Disability studies scholars and activists frame disability using the social model, which recognizes actual biological, neurological, or physical differences, but reserves the term disability for the disabling aspects of both society and an inaccessible built environment [18,19,20]. Those who use the social model do not argue that actual biological, neurological, and/or physical differences do not exist. On the contrary, those differences are significant parts of each individual’s experience [19]. A shift to the social model of disability means a shift towards accessibility, rather than remediation alone.



Another model for disability is neurodiversity, a social justice movement that developed from the activism of people with autism, and includes dyslexia and other cognitive differences [21]. Neurodiverse individuals are demanding to be seen not as deficient, but as different: part of the natural and beneficial cognitive diversity of society. Several lines of inquiry in neuroscience have explored the varied cognitive strengths of dyslexic individuals [22]. Some of these strengths relate to mathematics, suggesting new visions of the potential of students with LD in mathematics. For example, one strength associated with dyslexia in several research studies is 3-D spatial thinking, connected to strengths in mechanics and complex visualization [23]. This skill has been associated with particular strength in mathematical tasks that involve manipulating 3-D space [24]. Another strength of some individuals with dyslexia is interconnected and narrative reasoning; individuals with dyslexia tend to make unique associations between concepts, and excel in discerning patterns [25].



Considering the cognitive strengths of those with LD [24], it seems illogical to frame these learners as incapable of conceptual thinking. For some, their strength is in the conceptual side of mathematics, suggesting that students with LD can achieve in mathematics to the highest levels. Consider this statement from a research mathematician who is dyslexic, “As a dyslexic, I’ve never been good at calculations or recalling rote facts like times tables. Here’s the thing: beyond a certain point in mathematics, it’s not really about calculations” [26]. He notes that geometry was when he found that a visual, spatial mathematics was a joyful endeavor: “Geometry class was when math became interesting, and easier for me. Suddenly I was in a world, not of strands of symbols to be processed, but of shape, space, lines, angles, concepts, and narrative-like proofs. Suddenly everything made sense” [26]. Dyslexic learners, then, can demonstrate particular gifts around spatial thinking and complex reasoning, yet consistently underperform in mathematics as it is currently taught in US schools [27]. One explanation is that mathematics education in the US has long been dominated by memorization, which disadvantages dyslexic learners, who have persistent difficulties memorizing disconnected information [28]. Such outcomes are possible not only for those with dyslexia, but dyscalculia as well; in this special issue, Lewis and Lane [29] describe how Lane, who has a mathematical learning disability, developed a unique set of strategies to succeed as a statistics major as an undergraduate.




3. Debunking the Myths


3.1. Myth One: Students with LD Cannot Benefit from Inquiry Instruction in Mathematics


Most often, I hear some variation on this myth, formulated multiple ways: students with LD cannot benefit from inquiry-based mathematics, or that students with LD must be taught using only explicit, direct instruction. This myth widely circulates, both in academic literature and in schools. I hear this myth from both special educators and mathematics educators.



This myth about students with disabilities has developed around the already existing parameters of larger debates about pedagogy in mathematics. When we compare research in mathematics education to research in special education that includes mathematics, we find two different research traditions who use different theoretical approaches to learning, as well as quite different methods [30]. Mathematics educational research has long been dominated by constructivist and sociocultural theories of learning, which tend to advocate for an inquiry-based pedagogy at both individual and collective levels [31]. Rather than breaking down topics into sub skills and teaching those directly, inquiry-based pedagogy first engages learners in problem-solving and discussion of complex problems, asking students to develop strategies without being explicitly taught them. Mathematics educational research has documented the effectiveness of inquiry approaches to learning mathematics [8,9,10,11], including for low achieving students [32,33]. Mathematics education has typically not included students with disabilities in research [4,30].



Advocates for direct instruction have long been particularly influential in special education research, which developed from behaviorism and experimental psychology [34,35]. Recommended pedagogy within the academic fields of special education tends to be “explicit, systemic instruction,” which “typically encompasses a step-by-step teacher demonstration for a specific type of problem along with teacher-guided and independent practice using the step-by-step procedure.” ([36], p. 41). Special education mathematics has also been influenced by strategic instruction and, more recently, aspects of constructivism [4]. Yet historically, special education has long been suspicious of constructivist theories of learning [34]. Within the field, inquiry instruction was often framed as “discovery learning,” and presented as if there is no teacher guidance, an inaccurate oversimplification of the approach. When Jones and colleagues [5] noted that allowing students with LD to construct their own ideas in mathematics is “illogical, indefensible, and unsupported by empirical investigation,” they are making a pointed critique of constructivist mathematics, which they described as an “ideology”.



There is a significant research base of quantitative studies that demonstrate the efficacy of explicit, direct instruction in teaching mathematics skills and procedures for students with Learning Disabilities [37]. The myth emerges from the assumption that there is sufficient evidence that inquiry mathematics is not effective for students with LD, or that explicit instruction is the only method that is evidence-based. As the National Mathematics Advisory Panel states, “it is important to note that there is no evidence supporting explicit instruction as the only mode of instruction for students [with LD]” ([38] p. 1229).



Another source for this myth is research in special education that has argued theoretically that students with LD cannot benefit from inquiry instruction because of their deficits. From one academic piece within special education: “To expect students who have a history of problems with automaticity, metacognitive strategies, memory, attention, generalization, proactive learning, and motivation to engage in efficient self-discovery learning…is not plausible.” ([39], p. 296). Some use the argument that the cognitive load of inquiry instruction will be problematic for students with LD because of working memory issues [40]. Others assume that students with MLD will be “confused” by inquiry-based mathematics because such instruction “places substantial demands on metacognitive skills, which may not be adequately developed in children with MLD” ([41], p. 52). This returns to the quote that opens the paper [5], in which the authors stated that it is illogical to assume that students with LD can construct their own knowledge in mathematics. These arguments frame LD with a medical model, which stresses the deficits associated with the disability. It is important to note that these quotes are taken from papers written between 1994 and 2004. I argue not that these exact statements would be made today, but that a legacy of these arguments is the pervasive myth that inquiry instruction cannot possibly work for students with LD.



However, there is evidence that students with LD can benefit from inquiry instruction in mathematics. In a series of rigorous mixed methods studies spanning over a decade, Bottge and colleagues have developed and assessed a curriculum specifically designed for students with LD to participate in inquiry mathematics, called Enhanced Anchored Instruction [42,43,44,45]. Drawing from both sociocultural theory, problem-solving in mathematics, and special education, this approach uses highly motivating, authentic contexts to scaffold the engagement of students with LD in inquiry-based mathematics. Through the use of video, researchers deeply immersed students with LD in contexts such as building skateboard ramps or hovercrafts to learn rational number concepts. By removing textual barriers, their work allows students to deeply engage in rich mathematical contexts. Their work has demonstrated the efficacy of inquiry-based mathematics instruction for students with LD in both resource rooms and inclusive general education classrooms. They found that some students with LD benefited from scaffolds such as computer representations of objects that could be rotated, additional instruction in underlying concepts such as fractions, and hands-on projects related to the context, such as building a ramp.



Qualitative research that explores student thinking provides additional empirical evidence that students with LD can learn in inquiry classrooms. Moscardini found that students with learning disabilities were able to engage in open-ended problem solving, constructing their own strategies for story problems without prior instruction in procedures [46]. Chick and colleagues report on the learning of students with LD within a unit on fractions, using a reform-based curriculum [47]. Behrend has written about how a group of students with LD learned through engaging in open-ended problem-solving, again without prior instruction in procedures [48]. Foote and Lambert described a classroom in which third graders with IEPs were able to develop understandings of relational thinking and equivalency through engagement in a weekly open-ended problem-solving routine [49]. These studies provide evidence that students with LD can indeed learn challenging mathematics through inquiry-based mathematics. Similar findings have emerged in science, where inquiry-based curriculums have been effective for students with LD [50,51,52].



Increasingly, researchers in special education mathematics have integrated aspects of constructivism into their research [4]. For example, Hord and Newton, moving beyond a binary between explicit and inquiry, analyzed mathematics textbooks for both pedagogical features [53]. While recognizing the value in each pedagogy, they question if explicit instruction introduced too early can actually negatively impact conceptual understanding:


“In the short term, explicit instruction is potentially effective to help students solve problems more quickly; however, this earlier introduction of explicit instruction may slow the progress of students with LD in becoming resilient, persistent problem solvers and developing deep conceptual understanding of topics.”.



([53], p. 198)







They suggest that we need to consider the long-term time scale: inquiry mathematics allows students to take on agentic roles in relationship to mathematics and offers potential for long-term engagement with the subject [12]. When instructional decisions are focused on narrow time scales, rather than the long-term goals of developing agency and empowerment, we lose the forest for the trees. At risk are our students’ identities as mathematical learners, which can suffer in a procedural curriculum [14].



My own research with Luis echoes these findings [14]. In the first half of his seventh-grade year, Luis’s wonderful teacher, Ms. Marquez, engaged her students in inquiry-based mathematics. One day, she had her students working on the classic problem of buying hot dogs in packs of eight, and hot dog buns in packs of six. The class was discussing how many of each would need to be bought so that there were exactly enough buns for hot dogs, leading into the concept of Least Common Multiple. The discussion seemed over, and Ms. Marquez was about to move on when Luis raised his hand. She called on him with a smile, and he brought up the concept of infinity, asking how they could predict how the numbers would behave into infinity. The discussion started right back up again. When I asked Ms. Marquez who her top students were, she listed Luis right away, noting that he excelled at “conceptual” thinking.



However, later in his seventh-grade year, when classroom instruction was focused on procedural learning, Luis lost focus and interest. Ms. Marquez, Luis’s seventh-grade-math teacher, faced considerable pressure to raise student test scores. In the second half of the school year, she focused heavily on direct instruction of procedures. While Ms. Marquez strongly disagreed with this shift away from inquiry-based instruction, she felt she must do so for the sake of the students, whose scores mattered in their high school applications. One day she taught the students a method for combining like coefficients, clearly outlining the steps. Luis raised his hand, curious about the 2x written on the board. “But when,” he asked, “WHEN will we multiply it?” His question suggested that he wondered how an expression, made of two parts that will somehow eventually multiply, would ever multiply. Faced with limited time before the test, his teacher moved on, providing more examples for the students to practice using the procedure. Luis put his head down on his desk, and did not engage in the rest of the lesson. In interviews, Ms. Marquez was deeply troubled by Luis’s shift in engagement, and suggested that the shift in pedagogy was the culprit.




3.2. Myth Two: Students with LD Cannot Create Their Own Strategies and Should Not Be Taught Using Multiple Strategies


I hear often that students with LD can’t invent mathematical strategies, or deal with multiple mathematical strategies. Not only is this myth common in the US, but Peltenburg, Heuvel-Panhuizen, and Robitzsch [54] describe this as a commonly held belief in the Netherlands. There are two closely connected questions here: (1) should students with LD be directly taught strategies, or should they develop their own? and (2) should students with LD be taught one strategy or multiple strategies? Implicit in the assumption that students with LD need direct instruction of strategies is an assumption that students with LD cannot construct their own strategies. This myth is closely related to Myth 1, and can be understood as a justification for that myth. In this argument, students with LD become overwhelmed with multiple strategies during inquiry instruction.



Recent studies have provided evidence dispelling this myth, demonstrating that students with disabilities and low achievers in mathematics can independently construct effective computational strategies. Peltenburg, Heuvel-Panhuizen, and Robitzsch [54] explored whether students in special education schools in the Netherlands would spontaneously use the adding-on strategy for subtraction, and if so, what elements of the task or problem mattered to elicit that strategy. They found that in general students in special education were able to invent the adding-on strategy successfully and use it effectively–more successfully, in fact, than removal. Students were more likely to do so if the problem had a context that suggested adding on, and if the numbers were close together and crossed a ten. Contrary to the commonly held myth, these special education students did not need to be directly taught a strategy in order to invent it. Students could move between strategies without difficulty, without prior direct instruction. Similarly, Peters, De Smedt, Torbeyns, Verschaffel, and Ghesquière [55] found that children with MLD were generally able to flexibly solve multi-digit subtraction problems, and like typically developing peers, these students switched between subtraction by removal and adding on. Other research has demonstrated that students with LD tend to develop the same strategies as typically developing peers, although the students with LD tended to use less sophisticated strategies longer than their peers [56].



In the area of fractions, Hunt and colleagues have demonstrated that students with LD can and do construct their own strategies to understand fractions [57,58,59]. These studies documented growth for students with LD when instruction was designed to closely understand student thinking in the area of fractions, and build tasks that develop those understandings. In short, we have strong evidence that students with LD can develop their own strategies for computation and problem solving, including sophisticated strategies.



Additional evidence debunking this myth comes from qualitative studies of students with LD in inquiry classrooms. Moscardini [46] notes that without prior instruction, the special education students in his study invented all the strategies outlined in previous general-education research studies [10]. Foote and Lambert [49] document that third-grade students in special education were able to independently construct strategies to solve relational thinking equations, when provided time and access to manipulatives. In the study by Chick and colleagues [47], two girls in special education constructed unique strategies for understanding fractions by using a clock as a model. Behrend [48] found that the two students in her study with LD were able to construct their own strategies when presented with open-ended mathematical tasks.



Another set of studies more specifically explored whether or not students with special education could benefit from instruction that included multiple strategies. Kroesbergen and van Luit [60] studied the effectiveness of Structured Instruction (SI) versus Guided Instruction (GI) in small-group interventions with both general education and special education, in multiplication. In the SI group, the teacher chose the strategy, modeled it, and students practiced. If students brought up a different strategy, the teacher led them back to the teacher's strategy. In the GI group, the teacher did not model any strategies after presenting the problems. Strategies emerged from the students, and the teacher led the discussion. Students then had a chance to practice the new strategies. Both small groups were given 4 months of instruction on solving multiplication problems. The study found that both groups were more effective than the control group (typical classroom instruction) in solving story problems in multiplication. Guided Instruction was slightly more effective for low-achieving students, but also proved effective for students in special education. This study suggests that assumptions that students with LD cannot learn from a multiple-strategies approach appear to be unfounded.



I know from years of experience teaching mathematics to students with learning disabilities that this myth is incorrect. My students with LD were able, just like other students, to develop their own strategies, given the opportunity. Each time he was given a problem, Luis sought to understand it, often drawing a picture or using a representation to find a way into the problem [14]. When learning how to add and subtract integers, for example, he modeled a number line and used the model to solve the problems. Ever the creative and critical thinker, he told me that he liked to think of the 0 in the number line as the border between Mexico and the US. Later in the school year, the teacher presented a rule for subtracting a negative number, by combining the signs into a positive sign. I watched for a few classes while Luis struggled to memorize this way of solving the problems. About a month later, Luis came up to me grinning, and told me in a whisper that the rule did not make sense to him, so now he just uses “the giant number line in my brain” to add and subtract integers. His own strategy stuck with him, when the strategies of others did not make sense to him.



As a reminder about the diversity within the category of LD, another student with LD in that same classroom, Desi, bemoaned being asked to create her own strategies, and wanted to be told what to do. She also told me that her previous teachers had always given her procedures. In contrast, Luis had been expected to develop strategies since kindergarten, as he went to an elementary school that used inquiry mathematics. I wonder then how much this difference between Desi and Luis, both students with LD, related to their prior experience learning mathematics? Moscardini [46] notes that while the younger students in his study were quick to use manipulatives to solve problems, older students were more hesitant to engage in independent problem-solving. He notes that these older students had spent significant time in classrooms in which they experienced only explicit instruction, and they were used to being told how to solve problems. This suggests another possible source for this myth: teachers who have experienced students who resist multiple strategies. When students who have only had experience with explicit, procedural mathematics are asked to develop their own strategies, they often initially hesitate. This is an issue for students with and without disabilities who have experienced primarily procedural mathematics. The issue here is not a deficit within the student, but learned habits that can be unlearned. As Hord and Newton [53] suggest, when students are provided with explicit instruction before they understand the concepts at play, these students may have difficulty engaging in those concepts through exploration.





4. Discussion


In this paper, I described a historical context for how these myths have developed. Broadly speaking, while many prominent researchers in mathematics education have advocated inquiry instruction, special education has continued to advocate for explicit instruction. Because much of special education has historically distrusted constructivist research, considering it to be discovery learning without any guidance [5,34], special educational researchers felt that inquiry instruction would not meet the needs of students with LD who tend to have more difficulty with working memory, metacognition, and executive functioning. While there is considerable evidence that students with LD can learn mathematics procedures through explicit instruction, that does not mean that they cannot learn through inquiry-based pedagogies. We have empirical evidence that students with LD can learn mathematics through inquiry curriculum, can invent their own strategies and learn through the strategies of others, and this may be particularly important for some of these learners, as indicated above. Returning to the language of the quote at the onset of this paper [5], these deficit myths about students with LD are unsupported by empirical investigations.



These myths are predicated on the medical model of disability. When students with LD are understood primarily through their deficits, the solution from a medical model perspective is to remediate those deficits through targeted intervention. Students undergo treatments designed to fix them, in this case explicit interventions that will remediate the deficits. These deficit-focused arguments can be puzzling. Take for example the argument about memory, which suggests that students with LD cannot profit from inquiry-based instruction because of difficulties with memory. I agree that memory has often been an issue for many of the students with LD I have worked with over the years--sometimes a very pronounced issue. Using the medical model, we might assume that Luis has deficits in his memory which might have affected his ability to memorize the rules for adding and subtracting integers. But if his weakness is memorizing rules, why would we teach him through memorizing rules? Luis teaches us that he can use his strengths in visual processing to imagine a number line and use it to compute. Why would we not build on this, his unique strength? Focusing on deficits, rather than strengths, can be a counter-productive strategy. From this point of view, these myths are illogical, focused on remediating what challenges the learner, rather than building on their strengths. This will require a shift from a medical model, to neurodiversity, framing cognitive difference as diversity rather than deficit.



Finally, I assert that these myths are indefensible. Students with learning disabilities can learn mathematics to the highest levels, and these limiting mythologies hold them back. It is ableist to assume that a student with LD cannot think conceptually, or cannot benefit from an engaging and rigorous inquiry curriculum. Much more is at stake than the multiplication tables; mathematics instruction that is authentic, relevant, and engaging allows students to construct identities as mathematical thinkers [12,13] These identities are particularly important for students from groups that have been underserved in mathematics, such as African-American, Latino and Indigenous students [61], as well as women [61,62] and students with disabilities [14].



These myths have significant impact on students’ lives, as the assumption that some students need a more explicit curriculum can result in tracking within schools and within classrooms. In Luis’s classroom, half way through the year, his special education teacher created an “all-IEP group” to prepare students with LD for the state exams in mathematics. While other groups were allowed to work collaboratively, at whatever pace made sense, the “all-IEP group” moved at the pace of the teacher, who controlled discussion. This slower pace may have been helpful for some students, but Luis struggled mightily in this small group. His special educator, a thoughtful and kind educator, told me later that Luis “needed” this kind of “support”. For Luis, being placed in a small group with other students with IEPs did not seem like the right kind of support. But such a move makes sense if one believes that he needs a more explicit curriculum since he has LD. This is echoed across classrooms, schools and countries; students with LD, as well as those who are labeled as low achieving in mathematics, are offered a more procedural mathematics when compared to their peers [6,7]. To disrupt these patterns of unequal access to meaningful mathematics, we need to disrupt these mythologies, and reimagine our understanding of the mathematical potential of students with LD.




5. Implications


I have three recommendations for practitioners and researchers. First, we need to understand disability as a part of equity, and support social justice for students with disabilities. For too long, disability has stood apart from other identity categories. Students with LD were seen not as a having a particular social identity, but a medical condition. This is shifting, with movements such as the Disability Rights Movement and neurodiversity, which reframe disability as difference, rather than deficit. Access to meaningful curriculum in mathematics is then an equity issue, not simply an issue of effectiveness, measured in the short-term. Researchers and teachers need to privilege the perspectives of those with disabilities. They are the real experts on disability and learning.



Second, engage all students in standards-based, inquiry-based instruction, but provide structures and supports so that all students will be successful. Much of the research on students with LD in inquiry mathematics describes scaffolds that supported student learning without diminishing the cognitive demand of the tasks [11]. For example, the students in Moscardini’s study [46] were supported in engaging in demanding problem solving when teachers reread the story problem to them, making sure that they understood the problem. Students with LD can be supported to engage in inquiry curriculum through multi-modal curriculum, teacher questioning, and supports for collaboration in small groups [63]. Research should support teachers in this work by learning more about effective scaffolds, which are likely to be helpful for all learners.



Finally, I recommend that we address these myths by supporting collaboration and knowledge sharing between special education and mathematics education. Moving beyond these myths will require sustained collaboration between special educators and mathematics education at multiple levels. The differences between special education research and mathematics educational research are much more complex and nuanced than my brief introduction allows (for a detailed analysis, see [4,30,34]). In schools, the issues become even more complex. In Luis’s sixth grade year, his mathematics teacher tended to teach procedurally, while the special education coteacher introduced inquiry methods into the classroom, and regularly ran discussions with the whole class focused on student thinking [14]. In Luis’s seventh grade year, his math teacher began the year with an inquiry-based curriculum, and then shifted to an explicit, procedural curriculum to prepare students for the test. The special educator entered the classroom during this time, and taught a small group of students with LD using a more explicit approach. Special educators, then, do not all advocate for explicit instruction, nor do all mathematics teachers enact an inquiry-based curriculum. All teachers are also impacted by institutional demands, such as mandated curriculum and standardized tests.



At the classroom level, I recommend coteaching as a practice in which mathematics educators and special educations plan, teach, and debrief together [64]. Effective coteaching will require sustained professional development in which both teachers develop understanding of mathematical development, curricular design and both the challenges and strengths of students with disabilities. It also requires that the teachers have adequate time to plan curriculum together. Teacher education programs also need to foster collaboration between special education and mathematics education. In turn, research on the mathematical learning of students with disabilities must integrate neurodiversity into research design and implementation. By designing instruction that builds on both student knowledge and teachers’ knowledge of their students, special educators and mathematics educators can together move beyond these myths to radically redesign mathematics classrooms for students like Luis.
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