The REACT Framework
Learning mathematics can be a struggle.  Sometimes, a student will experience multiple failures before enjoying a success.  The idea of productive struggle is that the student persist throughout the process with creativity and determination until a solution presents itself.  When students face problems that they don’t know how to solve right away, math educators do not want them to stop trying, but to continue with effort and think creatively to achieve a solution.  If productive struggle is a central part of the learning environment, student success can be more evident and prevalent in math classrooms.
Conception of persistence, perseverance, and productive struggle

Persistence and perseverance are very closely related, but for mathematical applications, persistence may be defined as resolving to complete a mathematical task, while perseverance may be defined as resolving to find applications to complete a mathematical task.  Productive struggle, meaning both challenging and learning, results from persistence and perseverance in that when one persists to complete a task, it may become apparent that the chosen strategy is not effective, and perseverance then becomes evident as one searches for new strategies that lead to a resolution, struggling through mistakes, taking risks, and trying again.  Productive struggle does not always ensure successful resolution of tasks; productive struggle is about students engaging in mathematical thinking and practices as they link conceptual knowledge.  The emphasis is on the journey, not the destination.
Stiles (2017) describes productive struggle as perseverance in making sense of and developing new strategies for a math problem as essential for developing mathematical reasoning.  Factors that influence productive struggle include a classroom environment where students feel safe and supported, a space where high expectations are the norm, and the goals encourage task description, analysis, application, and subsequent evaluation.  Classroom access and equity help foster mathematical identities (NCTM, 2014); this factor of productive struggle is often developed through small groups.  Dance and Kaplan (2018) share that students who can “think meta-cognitively about their own process by comparing, critiquing and justifying them begin to trust themselves as learners” (p. 3), creating a part of a mathematical identity. 
  Student mindsets’ also affect productive struggle, in that many have a preconceived conception of themselves as “math” students, which includes always getting the correct response or being the first to complete a task, leading to a conclusion that some are more able to “do” math than others.  Research by Boaler (2016) finds that more successful people make more mistakes. This knowledge allows students to view mistakes as learning opportunities. Engaging students in discussions that reflect upon homes, hobbies, hopes and heritage are one way to build belonging in a math classroom (Pape, 2019); using examples where students previously learned a task, such as a video game or a hobby, allows them to connect learning math in the same way they engage in learning an activity they enjoy.  Additionally, videos or stories (age appropriate) can be used to portray struggle as a method of testing different strategies.  Students should be challenged to not just “get the correct answer” but to understand the problem (big idea) and strategize possible approaches for solving the task (meaningful application).  Anticipating student’s actions, monitoring their work, selecting strategies for class discussion, and sequencing and connecting ideas (NCTM, 2018) will help students develop a growth mindset and improve their math identity.  
Teacher actions should develop norms that encourage, support, and model productive struggle; these may include allowing adequate wait time, access to manipulatives, graph paper, drawing paper, leading questions from the teacher, creating an environment of collaboration between students and students/teacher, reminding students that “mistakes” are simply ways of learning what works and paths to the most effective strategy for solving an application, and engaging students with rich, meaningful tasks (NCTM, 2014).  Brooks (2014) research notes the correlation between anxiety and excitement, the first a debilitating effect and the latter creating an opportunity mindset; her research reveals that suggestions such as “get excited about math” improves math performance.  One goal in overcoming anxiety should be to teach students to become patient problem solvers.  
Meaningful tasks, described by the National Council for Teachers of Mathematics (NCTM) as low floor, high ceiling tasks, allow students to engage in deeper learning that helps students develop multiple ways to solve a problem and then look for relationships among the processes to discover and understand underlaying mathematical structure. This strategy enables students to build a mathematical identity as they are given tasks that can be solved in multiple ways, leading to deeper engagement and understanding of mathematical reasoning and relationships while building student confidence and increasing their mathematical experiences.  Allison (2019) relates that the one doing the work is the one doing the learning, and it is through this active learning that students may increase their mathematical self-efficacy.  STMath (2020) shares Boaler’s (2015) suggestion that the goal of math students is “to be able to ask good questions, map out pathways, reason about complex solutions, set up models and communicate in different forms” (p. 3).

Theoretical justification for environmental, curricular, and instructional recommendations 

Curricular modifications that promote productive struggle should help engage students in meaningful learning through individual and collaborative experiences that promote their ability to make sense of mathematical ideas and reason better mathematically. Educators need to use curriculum that develops important mathematics along coherent learning progressions and develops connections among areas of mathematical study and between mathematics and the real world. Educators are also encouraged to integrate the use of mathematical tools and technology as essential resources to help students learn and make sense of mathematical ideas, reason mathematically, and communicate their mathematical thinking. 
	Development and learning are shaped by interactions among environmental factors, relationships, and learning opportunities students experience. Physical, psychological, cognitive, social, and emotional processes influence one another as they enable learning. The brain and the development of intelligences and capacities are malleable, and the “development of the brain is an experience-dependent process” (Cobb & Jackson, 2011, p. 6), which activates neural pathways that permit new kinds of thinking and performance. As a function of experiences, the brain and human capacities grow over the course of the entire developmental continuum and across the developmental spectrum (physical, cognitive, affective) in interactive ways. What happens in one domain influences what happens in others. For example, emotions can trigger or block learning. Emotions and social contexts shape neural connections which contribute to attention, concentration, and memory, to knowledge transfer and application. Understanding how developmental processes unfold over time and interact in different contexts can contribute to more supportive designs for learning environments.
	Math educators need productive instructional strategies that support motivation, competence, and self-directed learning. Curriculum, teaching, and assessment strategies should feature well-scaffolded instruction and ongoing formative assessment that support conceptual understanding, take students’ prior knowledge and experiences into account, and provide the right amount of challenge and support on relevant and engaging learning tasks. In addition, learning strategies need to promote social and emotional learning that fosters skills, habits, and mindsets that enable academic progress, efficacy, and productive behavior. These include self-regulation, executive function, intrapersonal awareness and interpersonal skills, a growth mindset, and a sense of agency that supports resilience and productive action.
	The kind of learning supporting these higher order thinking and performance skills is best developed through inquiry and investigation, application of knowledge to new situations and problems, production of ideas and solutions, and collaborative problem-solving. These tasks, in turn, require strong self-regulation, executive functioning, and metacognitive skills; resourcefulness, perseverance, and resilience in the face of obstacles and uncertainty; the ability to learn independently; and curiosity, inventiveness, and creativity. 
As part of productive instructional strategies:
· Meaningful work that builds on students’ prior knowledge and experiences and actively engages them in rich, engaging tasks that help them achieve conceptual understanding and transferable knowledge and skills;
· Inquiry as a major learning strategy, thoughtfully interwoven with explicit instruction and well-scaffolded opportunities to practice and apply learning;
· Well-designed collaborative learning opportunities that encourage students to question, explain, and elaborate their thoughts and co-construct solutions;
· Ongoing diagnostic assessments and opportunities to receive timely and helpful feedback, develop and exhibit competence, and revise work to improve;
· Opportunities to develop metacognitive skills through planning and management of complex tasks, self- and peer- assessment, and reflection on learning.
		Research finds that the presence of these features produces stronger gains in outcomes for those students who typically experience the greatest environmental challenges. This is consistent with developmental science findings that students who experience adversity “may be more malleable—and stand to benefit most—in the context of supportive, enriched environmental supports and interventions” (Cobb & Jackson, 2011, p. 9).
Elaboration of the REACT framework
		The purpose of the REACT framework is to help educators develop curriculum that encourages students and teachers to explore mathematical problems in a way that not only reflects the perseverance and productive struggle of the learner, but also pays thematic homage to Piaget’s constructivist theory.  It is the hope of the CoRD that curriculum developed using the REACT framework will enable students to construct and take ownership of their own learning while allowing the teacher to assume the supportive role of guide and encourager. To provide a better understanding of the REACT framework, we now elaborate and expand discussion on each of the individual categories/components.  (Although the REACT framework can work with independent learners, it is most successful in a collaborative learning environment.)
Read:  The student must read the problem, comprehend its intent, and discern the result that is being sought.  The student must read the problem in a comprehensive way which will require more than one read-through.  To satisfy this component, the student must be able to determine what information they are given and what missing information they need to answer the question. The student must be able to answer the following questions:
“What are you being asked to find or determine?”
“What information are you given?”
“What information do you need?”
By asking these questions of the student, the teacher will not only help the student with this component, but also guide the transition into the next one.
Explore:  The student must disassemble the problem and investigate the different strategies which may be used to solve it.  When exploring the problem, the student must take apart the problem and map potential solutions.  This requires looking at the problem from different perspectives and harvesting all previous relatable knowledge that could be of use in the investigation.  Questions which could guide discovery in this state could be as follows:
“Is there more than one way to solve this problem?”
“If so, do you believe that one method is better than another?”
“If not, what happens if your method is unsuccessful?”
Attempt: The student must give active effort to solve the problem using any of the explored strategies.  This is the stage where perseverance and productive struggle come more into play for the student.  The student and teacher must work together (student as initiator; teacher as guide) to develop a productive solution to the problem at hand.  Sometimes the solution can be found easily, sometimes not.  The student must be prepared to explore several different options to successfully complete the work.  Guiding questions include:
“Did your strategy produce a solution?”
“Was there another strategy you tried?”
“If so, did your alternative strategy yield a similar result?  Why or why not?”
Critique:  The student must evaluate the strategy employed in solving the problem.  This critical evaluation of the problem-solving strategy is very important for the overall mathematical growth of the student.  Although finding the solution to a problem is important, many times it is not the most important part of the process.  The critical thinking skills that are required in a thorough self-analysis regarding problem solving are vital in providing a gateway into deeper mathematical understanding.  Guiding questions include:
“Are you satisfied with your solution and the method used to find it?”
“If there was another way to solve the problem, why did you choose your strategy?”
“Can this strategy be employed again in another similar situation?”
Teach: The student must explain the solution and the reasoning behind it.  It is important for the student to verbalize the thought process involved in the problem solving. Most mathematics educators realize that their own understanding of mathematics deepened significantly when they were required to teach a math concept to someone else.  Teaching requires much more than simply understanding how to solve a problem.  A student must generate an outline of thought, utilize multiple terminologies to relate concepts, explain different approaches to solving a problem, connect current knowledge to previous content, and present an understandable (and repeatable) strategy for problem solving.  The teacher can reinforce this final stage by reminding students to generate a presentation of the solution using the first four components and finalize it by doing two things—creating dialogue about the problem with other participants in the class via a healthy Q&A session and having the other students recreate similar problems that could be solved using the presented strategy. 
Analysis of the REACT Framework
Researchers developed instructional modules designed to lead student academic success through the concepts of productive struggle, persistence, and perseverance. In the Fall semester of 2022, the researchers evaluated the new learning module curriculum in a pilot study at a regional midwestern 4-year university with 18 students in 2 sections of an entry-level mathematics course.  There were 6 students in the control group and 12 students in the experimental group. The same instructor taught both sections of the course. Participants in the 4-week study, completed assessments at the beginning and end of the experimental timeframe and completed the REACT learning modules during the experimental timeframe. To measure the effectiveness of the REACT framework, assessments were scored and a paired sample t-test was conducted to determine if post-assessment scores were significantly better than pre-assessment scores.
Assessment score differences for both groups (pre and post) were recorded and analyzed using an independent samples t-test.  Analysis yielded that the increase in scores for the experimental group were significantly better than for those of the control group . Although this result is promising, the number of participants was small for this pilot study.  A more exhaustive study is required before any conclusions about the effectiveness of the REACT framework can be made.
Development of Ongoing CoRD Activity
Our CoRD has a goal of developing instructional modules that lead to student academic success through the concepts of productive struggle, persistence, and perseverance. First, the research team created the REACT framework, which consists of instructional strategies, inquiry-based and problem-based learning activities, student collaboration assignments, and assessment strategies that afford students the opportunity to practice persevering through productive struggle with the aim of improving academic success.  This REACT curriculum was then implemented in a pilot test which took place in the Fall 2022 semester. Analysis of the REACT framework and curriculum was reported earlier in this document.  Ongoing research plans for this team include a deeper analysis of the pilot study, expansion of the study through a larger sample size, and eventually engagement of local faculty in implementing this new REACT curriculum. The hope is to share our curriculum with a wide and diverse audience of our peers, with the hope that it too adds to the community of practice to changing, for the better, the experiences first-freshmen students have in mathematics courses. 
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