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ABSTRACT

In today’s high school mathematics classrooms, instruction is traditionally teacher-
centered in nature where students are simply passive recipients of knowledge. Research suggests
that for students to learn, they need to be active participants in their own learning. The desire to
change the traditionally taught math class to a student-centered approach guides this educational
scholarship. It involves an integration of a revised classroom routine and opportunities to engage
students in active learning through inquiry-based opportunities. This approach involves using
teaching strategies that bring students into the learning, guiding them to be constructors of their
own knowledge. The materials and resources that were created provides a way for active learning
to be possible in a secondary math class.
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CHAPTER ONE

INTRODUCTION AND BACKGROUND

Context of the Study

Being required to read an unchosen and undesirable text can be difficult. It can be
agonizing for a person to engage with the text; to truly absorb the information or story when the
book does not pique their interest or capture their attention. It isn’t that one cannot read in this
situation; the book just doesn’t ignite the mind. It causes a lack of motivation and interest. Now
translate that to the typical math classroom. Lessons are predictable and teacher-centered. The
teacher gives the lesson through examples from a book. Students write what the teacher says and
complete guided practice problems together. Students then finish the rest of the problems
independently to conclude the class. Day in and day out, this is the math classroom that follows a
school-mandated curriculum and pacing guide. The nature of the curriculum requires students to
complete the lessons and pass the tests. Math becomes mind-numbing. This traditional, lecture-
based routine is not compelling and students are disinterested and unmotivated.

A recent study by Schwartz, Bozick, Diliberti, and Ohls (2025) on middle and high
school math students, found that about 50% of these students reported losing interest during their
math lessons about half or more of the time they were in class (Schwartz et al., 2025). The study
also found that students who are bored in math class prefer face to face activities that apply to
real-world scenarios. Another finding of their study revealed that students have not fully
recovered from the learning loss of the COVID-19 pandemic. Students are performing worse

than they were pre-pandemic on national assessments. Student attendance has also suffered since
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then, with students now absent from school at significantly higher rates (Schwartz et al., 2025).
So, not only are teachers tasked with making up this learning loss, and promoting positive
attendance shifts to families and students, they are also facing an increase in boredom,
mattentiveness, and limited focus.

As students report a loss of interest in the math classroom, more and more school districts
have adopted curricula that teachers are required to teach which can create disconnectedness
between students and math. Traditional curricula have been picked apart for their
overemphasizing of computational procedures, content that does not connect to knowledge and
skills, and how it rarely encourages evidence-based practices (The IRIS Center, 2026). More
districts have moved to curricula that is aligned with the Common Core State Standards (CCSS)
to ensure that students are college and career ready (The IRIS Center, 2026). CCSS-aligned
curricula are more diverse in terms of being informed by instructional practices and are
evidence-based. It is a rigorous approach and requires students to apply knowledge through
higher-order thinking skills (The IRIS Center, 2026). In mathematics, curriculum is widely
accepted and encouraged because it is a subject that 1s heavily linked to the textbook (Remillard,
2005). Having high-quality curriculum in schools can be good for students (Steiner, 2024).
However, there are not a lot of built-in authentic inquiry opportunities, lending to a heavy use of
curriculum materials, such as the textbook, and digital resources which are not always accessible
to all districts. Furthermore, teachers who feel comfortable supplementing resources and active
learning opportunities into other subjects tend to rely mostly on the provided curriculum for math
(Remillard, 2005). Janine Remillard states in her examination of teachers’ use of mathematics

curricula that the reasons teachers choose to use the math curricula more frequently are the views
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around the nature of math, how it is learned, and how comfortable teachers are with the subject
in general (Remillard, 2005).

With the curriculum also comes pacing guides. It is the school districts’ way of keeping
teachers on pace with the standards that are to be covered within the grade level to prepare
students for mandated state testing. Pacing guides are usually written by district instructional
coaches with guidance provided by curriculum representatives (Hemmler et al., 2023). Pacing
guides determine the scope and sequence that should be taught to prepare students to meet
standards and testing expectations (Hemmler et al., 2023). The pacing guide dictates what
lessons are taught, when, and for how long. Although they are helpful to guide teachers to reach
district expectations, they usually do not leave room for teacher autonomy. Pacing guides
typically move through a lot of material in shorter amounts of time which lead to frustration in
teachers and students (Hemmler et al., 2023). Hemmler and her associates found that teachers
feel “...pacing guides perpetuate myopic views on acceptable ways of teaching and timing of
topic coverage that leads to ‘curricular privileging’” (Hemmler et al., 2023). In other words,
pacing guides are a one-size-fits-all approach that can hinder an equal and fair education for all.
The question then is this: does a strict adherence to curriculum and pacing guides serve all
students?

To complete the picture of today’s math classroom, one must look also to the learner.
Through this research, the question of why students are so unmotivated to learn now, more than
ever, kept resurfacing. People are motivated to learn when three of their psychological needs are
met. Those needs are autonomy, competence, and relatedness (Ryan & Deci, 2000). Historically,

students went to school to learn. Teachers taught the lesson and the students worked through the
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lesson. There was no thought towards student-centered classrooms. According Deci and Ryan
motivation is valued because of its consequences; motivation produces (Ryan & Deci, 2000).
Generally, students are extrinsically motivated to do math by the school, their parents, their
teachers, and their grades. Students who are authentically motivated through opportunities for
self-direction are more interested, excited, and confident which improves performance,
persistence, and creativity (Ryan & Deci, 2000). Teachers who support student autonomy
through student-led learning opportunities instead of creating a teacher-centered learning
environment facilitate their students’ intrinsic motivation, curiosity, and eagerness for challenge
(Ryan & Deci, 2000).

Focusing mostly on inquiry-based learning to facilitate active learning makes a lot of
sense in a high school math class. Students need to be excited about learning math for
themselves to truly be motivated and engaged. Teacher-centered lessons have been shown to not
create excitement and interest in students during math class (Schwartz et al., 2025). To carry this
out, understanding that curriculum and pacing guides are mandated in most districts, a system of
integration was designed to provide an active learning approach. Inquiry-based learning is
defined as a student-centered instructional practice that prioritizes questioning, active
exploration, and problem-solving. Active learning boosts engagement by engaging students in
discussions, collaborative group work, problem-solving and reflection. It requires students to do
and think about the problems rather than just passively receiving knowledge from the textbook or
the teacher. The goal of this research was to prove that active learning is possible and can work

with curriculum instead of against it, or be made to feel like a time-consuming side quest.
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Purpose of Study

The purpose of this Educational Scholarship Capstone is to encourage an active learning
environment in a secondary mathematics classroom by including opportunities for inquiry and
exploration. The active learning approach utilizes teaching strategies such as project-based
learning and inquiry-based learning, both of which provide opportunities for student agency and
encourages students to become active participants in the classroom. This approach also connects
to understanding how students learn and creating learning opportunities to support diverse
learning styles.

When teachers have to adhere to district mandated curriculum and pacing guides, there is
limited room or opportunity for exploration, projects, and practice in mathematics classrooms.
This leads to boredom and lack of interest from the students (Hopkins, 2024). A shift is needed to
ensure learning and authentic, student engagement in math. One way to achieve this is to
implement inquiry-based learning, an approach that is often used as a strategy for teaching
science. Tying scientific inquiry to mathematical reasoning across various lessons helps bridge
the gap between these two content areas. Through this interdisciplinary application, students are
able to think about math in new ways which fosters engagement and real-world approaches to

mathematics while also creating an active learning environment for students.

Focus Statement

The focus of this project is to present a revised classroom routine with inquiry- and
exploration-based learning opportunities aligned with existing standards to promote active

learning in a secondary mathematics classroom.
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CHAPTER TWO

CONCEPTUAL FRAMEWORK

Introduction

The United States, according to the 2022 PISA (Program for International Student
Assessment) worldwide study, scored lower than the other OECD (Organization for Economic
Co-operation and Development) countries of which there are 38 on student performance in math
(Education GPS, 2026). Couple this with a passive learning environment and it creates the
‘perfect storm’ for our nation’s low performance in mathematics. With students’ inconsistent
performance in mathematics due to math anxiety, diffidence, and skill gaps, teaching
mathematics can be a difficult challenge to navigate (Wen & Dubg, 2022). A critical factor is
Math Avoidance Behavior (MAB) which causes students to disengage, have a lack of motivation,
and hinders the learning process (Wen & Dubé¢, 2022). It is imperative to find a way to get
students excited about math and provide engaging opportunities for them to learn. To get to the
bottom of student challenges in mathematics, one must take a closer look at students’ motivation,
cognitive development, and learning through inquiry and projects where instruction shifts to

become student-focused.

Challenges in Secondary Math Classrooms

There are multiple factors that are affecting students’ academic potential in today’s
classrooms. These factors have led to a significant decline in motivation, academic performance,
and poor attitudes in regards to learning math in secondary institutions (Wen & Dubé, 2022).

One leading factor is the aforementioned Math Avoidance Behavior (MAB). MAB is when an
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individual engages in avoidance behaviors by taking less math-related classes and pursuing
fewer STEM-related occupations due to experiencing math anxiety or negative feelings in
regards to math (Choe et al., 2019). A study of math avoidance behavior by Choe et al. (2019) set
out to prove that it isn’t just an individual’s math performance that contributes to avoidance but
that anxiety about math also contributes to this behavior. Their study confirmed that anxiety and
performance play a huge part in why individuals avoid math in general. In the classroom, this
can look like absenteeism (skipping class), shutting down (sleeping or heads down), or refusal to
complete work. This lends to the theory that students have poor attitudes towards math due to
both anxiety and performance. The study also confirms that student inability is not the only issue
affecting student outcomes and suggests that a shift to student-focused instruction is a viable
solution (Choe et al., 2019). While MAB is a behavioral factor, the cognitive development of the
students also plays a critical role.

Along with MAB, students are reported to lose interest in mathematics at higher rates as
opposed to other subjects (Schwartz et al., 2025). In the Schwartz, Bozick, Diliberti, and Ohls
(2025) study, students are disinterested in math, students’ learning loss is significant and has not
fully recovered post COVID-19, and high absenteeism is still on an upward trend (Schwartz et
al., 2025). When students are not interested in a subject, when they have no buy-in, or it is
difficult, boredom is prevalent and motivation suffers. Students who are not interested, bored,
and missing important class time usually do not perform well academically, and math

performance takes a hit.



8

Traditional Instruction vs Active Engagement

To fully understand the subject of this educational scholarship, one must understand the
pedagogical differences between traditional norms and active learning experiences. Teaching
approaches to mathematics can significantly impact student understanding and academic
achievement (Islam et al., 2024). Traditional teaching practices involve teacher-centered, direct
instruction with little room for student-driven questioning or investigation. This creates a passive
learning experience where students are simply recipients of knowledge rather than an active
contributor to their own learning. Students in this setting learn through lectures and heavily rely
on textbooks for knowledge. Peer discussions are almost nonexistent due to the time constraints
of following a curriculum. This creates a lack of space for “math talk or dialogues involving
peer questioning and answers which in turn provoke deeper thought and construction of
knowledge.

Teachers ordinarily follow a teacher-centered approach in mathematics because it can be
easier, and they perhaps feel safer following a set curriculum scope and sequence with provided
student practice problems. This teacher-centered approach is the norm in secondary mathematics
classrooms. In a study conducted by Elizabeth Lake with the UCL Institute of Education in the
United Kingdom, she found that mathematics teachers are wary of taking risks when giving
instruction in math (Lake, 2019). Using curriculum takes the cognitive load off of the teacher and
reduces the event that a student may ask a question for which the teacher does not have an
answer (Lake, 2019). Using high-quality curriculum mitigates this concern, but lacks in teacher

autonomy and limits opportunities for active learning.
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Transitioning from a wholly passive learning environment to a more active learning
environment is complicated. It requires a shift from comfortable teaching and learning practices
to a more immersive, thought-provoking learning experience. Through this transition, the role of
the teacher changes from directing all of the decisions in the learning process to being a
facilitator of learning, guiding students as they make decisions and explore possible solutions.

Active learning is an approach to teaching that encompasses multiple teaching strategies
in which learners are engaged, purposefully participating throughout the instruction (University
of Minnesota, 2025). Active learning classrooms are student-led in nature. According to
Nurbavliyev, Kaymak, and Sydykov (2022), active learning consists of but is not limited to
project-based learning, peer reviews, hands-on activities, inquiry-based learning, and the
integration of immersive technology. In this structure, the students move from the role of a
passive learner into the role of an active learner.

Yet, challenges persist. Students are pushed out of their comfort zones where think-aloud,
discussions, and discovery are obstacles that are tough to overcome. When students are not used
to pushing themselves through this productive struggle, encouraging them through the hard stuff
can seem a lost cause at times. It is an opposition to change. Students and teachers alike are
challenged to be thinkers and constructors of their own knowledge versus having knowledge
handed to them and hoping for the best. However, this adjustment of teaching and learning
should happen for long-term retention and positioning students to become critical thinkers in a
world where drill and kill is not working (Brown et al., 2014).

According to Dr. Karyne Ang, who has conducted research in teaching and learning

delivery, studies regarding transitioning from passive to active learning environments are scarce.
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The impacts of different delivery techniques to improve student learning are yet to be explored in
depth (Ang et al., 2021). Through her research, Dr. Ang designed a workshop format to help
facilitators and participants transition from a passive to an active learning model. This format
includes four propositions for assisting the transition. First, Dr. Ang suggests teachers should
help students prepare to shift their thinking towards self-management and responsibility. This
requires a move away from being dependent to independent thinkers, much like a child growing
more independent from their parents as they develop and grow. Her second proposition conveys
that student engagement should be flexible and multidimensional. Providing a variety of learning
activities such as discussions, simulations, mini-lessons, videos, projects, and quizzes allows
students to engage with various forms of content which appeals to their unique learning styles.
The third proposition Dr. Ang provides is teaching students to collaborate with peers. This helps
students be motivated to engage in social learning by fostering peer discussion, practice,
production, and inquiry. Her fourth and final proposition is to provide the scaffolding students
require to transition, which becomes a “learning to learn” opportunity. Students need scaffolding
to accept responsibility, to acquire knowledge, and to construct meaning and understanding.
(Ang et al., 2021). To achieve this transition, one must understand cognitive development,

diverse learning styles, and ways students’ progress through representations of their learning.

Cognitive Development and Representation in Mathematics

Cognitive theory suggests that the brain processes, stores, and retrieves information
which improves comprehension, retention, and problem-solving skills (Feder, 2024).
Psychologist Jean Piaget developed this theory, Stages of Cognitive Development, in his work

with young children and focused on how people gain knowledge (Feder, 2024). Piaget theorized
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that children develop cognitively based on assimilation and accommodation, a “learn and change
as you grow” approach (Madanagopal, 2020). Piaget believed that cognitive development
progressed through four distinct phases: sensorimotor (object permanence), preoperational
(symbolic thought), concrete operational (operational thought), and formal operational (abstract
concepts). These stages are age-specific and happen in the same order for every child. The last
stage, formal operational where children develop the ability to think abstractly, was believed to
happen at around age 11 and beyond (Madanagopal, 2020). This 1s where a breakdown in the
theory occurs as no child is identical to another and age does not determine ability. Students at
any age need intentionally designed learning experiences to progress from sensorimotor, object
permanence to the formal operational, or abstract concepts. These learning experiences should be
active i nature, helping students move from concrete materials to abstract thinking.

This cognitive mismatch in age and ability does not transfer to a secondary mathematics
class. Math is commonly abstract at the high school level. In other words, the math problems are
usually theoretical, intangible, and complex, without any physical characteristics. While being
taught higher order mathematics, students sit in lecture-based, teacher-centered classrooms with
paper and pencil as the only form of engagement. There are very little opportunities for students
to actively engage with different materials or media in many high school math classrooms. As a
rule, curriculum is followed to fidelity and a textbook is the students’ Bible. The textbook has
been said to be used more than in other content areas such as Science and English (Ferguson,
2010). The same I Do, We Do, You Do sequence is the norm in every lesson, every day. There
are generally no inquiry opportunities and pencil/paper tasks, which are abstract in nature, rule

the day. Students of any age who have not moved through certain stages of development will
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struggle with an abstract, or symbolic view (McLeod, 2024). When students reach high school,
and they have not been able to progress through these stages of development successfully,
abstract problems can be an insurmountable challenge.

To be able to understand the abstract nature of Algebra 1 for example, students must be
able to connect the different representations of algebraic expressions and equations. According to
Jerome Bruner’s theory, expanding on and slightly differing from Piaget, he theorized that
children construct knowledge and meaning through active experience (McLeod, 2024). Bruner
believed that there are three modes of representation: enactive (action-
based/manipulative/concrete), iconic (pictorial/representational), and symbolic (language-
based/abstract). When students of any age are given new lessons or units to learn, Bruner
believed that it 1s most effective for students to progress through each of these modes
sequentially before moving to the next mode of representation (McLeod, 2024). Students in
secondary math classes are represented at each of Bruner’s three modes of representation with
understanding and abilities scattered across a broad range of development and mathematical
understanding (Payne et al., 2026). Some students are still at the enactive and iconic stages while
others have had the opportunities to progress to the symbolic mode of representation. With this
diversity in learning and cognitive development, a shift in teaching practice 1s essential to benefit
all students.

Another reason students may struggle in math to be motivated and perform well
academically is that they are not engaged in multiple ways, the content is typically given in one
format, and students lack the opportunity to demonstrate in their unique ways what they have

learned. The Universal Design for Learning (UDL) framework addresses this issue. The UDL
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framework was designed to improve teaching and learning by implementing three main
principles into instruction (CAST, 2024). These principles are: 1) multiple means of engagement,
2) multiple means of representation, and 3) multiple means of action and expression (CAST,
2024). In the math classroom, students should have all three of these principles included in
instruction. This can provide students with distinct and individualized approaches which help
them to be motivated to learn and perform better academically. Together, Piaget’s Cognitive
Development Theory, Bruner’s Theory of Cognitive Development, and the use of UDL suggest
that learning is constructed through multiple modes of representation and individual experience.
This work supports a shift from a passive, one-size-fits-all approach to an individualized,

multimodal, active learning approach to instruction in mathematics.

Active Learning as a Theoretical Approach to Instruction

Active learning has been described as engaging, interactive, and productive (Nurbavliyev
et al., 2022). It is a method of mstruction that allows and encourages students to actively
participate in their learning. It encourages students to do more than just interact with a textbook
and memorize rules and steps for solutions. It is based on the Constructivist Learning Theory
which was developed through the works of John Dewey (1929), Jerome Bruner (1961), Lev
Vygotsky (1962), Jean Piaget (1980), Emst von Glasersfeld (1995), and others. Constructivism
suggests that learning is not to just be delivered by teachers, but that students need to actively
construct their own knowledge through their own experiences (Bada & Olusegun, 2015).
Nurbavliyev, Kaymak, and Sydykov’s study (2022) investigated the effect of the active learning
teaching method on students’ achievement, attitude, and motivation in mathematics with 10th

grade students from Nurorda School in Nur-Sultan, Kazakhstan. What they found was that
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students who were given the ability to actively construct their own knowledge through activity-
based learning noticeably increased their academic performance, with slight improvements in
attitude and motivation (Nurbavliyev et al., 2022).

A look at how active learning happens is described in the book Make it Stick by Brown,
Roediger, & McDaniel (2014). They describe a pilot sitting in class day in and day out listening
to lectures about the plane he is flying and common situations that may occur while flying. The
pilot tries very hard to pay attention but finds it hard to focus on the content being discussed,
even though it is completely relevant in his life. They go on to describe what happens when one
day, during a lecture, the instructor asks if anyone had ever had a specific fuel light come on
during a flight. Someone raised their hand and the instructor asked that pilot to tell the class what
happened. All of a sudden, the lecture became interesting as another pilot explained their
thoughts and reactions in a high-risk situation. This peer interpretation of a real-life situation
helped other pilots to begin thinking “what if it was me”. From there the pilot instruction course
changed to a mix of classroom and simulations where pilots were able to apply their knowledge
and think through problems (Brown et al., 2014). This shows how students, when given the
opportunity, and asked the right questions begin to think for themselves and connect to the
content in a meaningful, real way. Had the pilots been given strictly lecture-based instruction,
they may not have been able to think critically when a high-risk situation presented itself.
Incorporating active learning addressed the pilots’ specific needs, their different learning styles,
and presented the lessons in different ways to stimulate their minds and fully engage them
through lived experiences. As in the pilot’s situation where they had to learn by doing, asking

questions, and thinking through solutions, so do mathematics students. Math isn’t just a set of
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rules to memorize. Math is a system of logic that must be explored, questioned, and thought
about to make it stick.

Sadly, mathematics classrooms keep teacher-centered, lecture-based practices as the
norm, with the rare investigation or project as the exception. Engaging in active learning both as
the teacher and for the students can be a positive and much needed change to a low-risk,
monotonous teacher-centered approach. Active learning inspires students to think and explore
beyond a set of problems on a worksheet. Therefore, using inquiry-based strategies rather than
memorization of facts and textbooks could provide a meaningful, active learning approach to

mathematics.

Engagement and Inquiry in Secondary Mathematics

Active learning requires engagement. Engagement declines when students’ attitudes
towards math 1s negative. Some of these attitudes stem from lack of confidence in math,
students’ self-perceptions, enjoyment, and math anxiety (Wen & Dubé, 2022). Student
confidence and self-perceptions relate to how students believe they can manage the difficult
nature of mathematics and how they perceive themselves in the math classroom (Wen & Dubé,
2022). If a student feels as if they cannot handle the math or they view themselves as “not good
at math”, engagement with math will be low. If they are confident and see themselves as
mathematicians, engagement is higher. Enjoyment and math anxiety are also factors that affect
engagement. Studies have explored the correlation between enjoyment and math achievement.
Through these studies it was found that enjoyment in mathematics has a positive interrelation to
math achievement. On the flip side, anxiety towards mathematics can negatively affect student

performance and achievement (Wen & Dubé, 2022). Because attitude affects engagement
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directly, it 1s important to help students address their confidence, self-perceptions, enjoyment,
and anxiety. This can be done by applying active learning as an approach to mathematics through
inquiry and project-based learning.

Inquiry-based learning (IBL) is active learning that 1s multi-faceted (Ernst et al., 2017).
IBL helps students develop critical thinking and problem-solving skills. It also helps students
learn how to collaborate with others through group work, building social-emotional development
and the ability of students to adapt. This development in thinking, problem-solving,
collaborating, social-emotional learning, and construction of knowledge is what can build
student engagement in the classroom. IBL supports a meaningful link between content and the
real-world helping students to understand that they will, in fact, use math in real life. IBL invites
students to actively investigate driving questions rather than passively receiving facts from the
teacher. In IBL, the teacher is a facilitator of learning and the students are the drivers.

Ordinarily, math curriculum has pacing guides with strict adherence to covering a set
amount of material within a set amount of time. Jean-Luc Dorier and Francisco Javier Garcia
conducted a study analyzing the constraints which could favor or hinder the implementation of
inquiry-based mathematics across 12 European countries (Dorier & Garcia, 2013). They
determined that society, school, pedagogy, and discipline (science and mathematics) played
major roles in the success or failure of IBL as an approach to teaching and learning. They note
that using IBL requires time as it is student-driven and should allow for students to ask questions,
test results, make mistakes, analyze errors, build their own understanding of the material being
presented, and conduct self-evaluations, or peer reviews, on their inquiry projects (Dorier &

Garcia, 2013).
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Although IBL can be challenging to implement it has been shown to increase the
understanding of mathematics in students in upper-division, proof-based mathematics, calculus,
and elementary mathematics (Ernst et al., 2017). As students work together in groups, learning to
make sense of mathematics through IBL, their understanding and ability to problem-solve
expands and engagement within the discipline increases (Dorier & Garcia, 2013). From here,
students can really delve deeply into the math through projects which are focused on student
interests and relevance using the mquiry skills they acquired through student-driven
investigations.

Through projects, students are provided the opportunity to solve problems in real-world
contexts. This approach provides relevance whether culturally or personally and helps students
build confidence and have positive self-perceptions. Projects, or project-based learning (PBL),
has been around since Confucius and Aristotle who were advocates of learning by doing (Boss,
2011). In the 1800’s, philosopher John Dewey continued this thought when he disagreed with the
view that students were only passively learning. He believed that “education is not preparation
for life; education is life itself” (Boss, 2011). Dewey’s idea was later expanded on by the
physician Maria Montessori and the developmental psychologist Jean Piaget, who both believed
that experiences, not just listening to words, is what helps us to learn (Boss, 2011).

The project-based learning approach works in all disciplines and highlights active,
student-directed learning. Projects are based on a driving question that requires investigation,
exploration, authenticity, and testing of solutions (Laverdiere, 2025). PBL is student-centered
because the focus is on what the students are doing and can last for as long as the students show

interest in the subject. An example of PBL should be a project that is meaningful and pull from
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students’ personal lives connecting content and context. For instance, Native American students
and/or those learning about tribes can study the mathematics of blood quantum, fractional and
exponential mathematics that the United States government and tribes use to calculate the
perceived amount of “Indian blood” a person may have based on ancestry (Carson et al., 2024).
This inquiry into blood quantum can help students understand the connection between math and
a current social issue directly related to them as tribal members/descendants and schools
implementing Indian Education for All (IEFA).

When learning is centered around inquiry and projects that grab student interest, students
gain a deeper understanding of the concepts being taught. Using these approaches, students
construct their own knowledge through active investigations. Inquiry and projects insist that
students do and think for themselves, creating the necessary shift from passive to active learning.
Learning then becomes effective because students must construct the knowledge for themselves,

becoming creators of meaning through their own experiences and reflection.
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CHAPTER THREE

INSTRUCTIONAL DESIGN FOR ACTIVE LEARNING IN

SECONDARY MATHEMATICS

Overview of Instructional Approach

Integrating the active learning strategies into a math classroom can be demanding. This
shift requires teachers and students alike to change their perceptions of teaching and learning
mathematics from a teacher-centered, passive-learning approach, to an instructional design that
takes time and practice (Ang et al., 2021). However, once implemented, this instructional design
has the potential to positively change learning and engagement.

The modified instructional design presented in this chapter includes not only applying
inquiry, projects, and active learning opportunities, but also provides a way for teachers to
implement this design within their existing curricula. Instructional design strategies that are
seamlessly integrated are necessary to help teachers meet strict district pacing guides (Remillard,
2005) (Hemmler et al., 2024). To make the transition a little bit smoother, it may be necessary for
a teacher to adjust their classroom routine/schedule. A redesigned classroom routine for a 45-
minute class period can allow teachers to implement this approach in a curriculum-guided
structure. Daily lessons revolve around this schedule, using lessons from the curriculum and
including inquiry investigations to engage the student in constructing their own knowledge of the
concept. The classroom routine follows the SE lesson plan, without having to create SE lesson
plans for every lesson using an active learning design. Support for Concrete, Representational,

and Abstract (CRA) as an instructional application is provided through a physical CRA mat with
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instructions for its use and implementation. Inquiry investigation cards and extension cards are
available to work with the lesson presented in the curriculum. Investigation cards are used for
individual and group explorations to improve student engagement and understanding. As a
culminating study of the concept being taught, a project is provided for students to ask questions
about and explore with a real-world application. With this instructional approach, active learning

1s feasible in the secondary mathematics classroom.

Instructional Sequence and Structure

Daily Lesson Structure

A typical math classroom schedule consists of a bell ringer, the lesson, guided practice,

independent practice, and an exit ticket. This traditional routine i1s shown in Table 1.

Table 1. Traditional Mathematics Classroom Routine

Daily Schedule (45-minute class period)

Bell Ringer (Practice of previously learned skill) 5 minutes
Lesson (Introduction of concept being taught-I DO) 20 minutes
Guided Practice (Checks for understanding-WE DO) 5 minutes
Independent Practice (Students practice new concept-YOU DO) 10 minutes
Exit Ticket (Formative Assessment) 5 minutes

As shown, this traditional routine is not a student-centered approach given the amounts of
time students are bearing the cognitive weight of their own learning. According to this design
students are actively engaged for about 20 minutes of a 45-minute class period. One could argue

that this doesn’t represent active learning when students are only engaged with the textbook
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during the guided and independent practice parts of the routine. Most of the doing is done by the
teacher and this design lacks student agency. This schedule 1s typical in elementary, middle, and
high school mathematics classrooms. Most curricula closely follow this design.
This redesigned active learning routine provides time for carrying out projects, inquiry,
and group work (Table 2). The routine also provides a way for mathematics teachers to include

active learning opportunities while still following their district-mandated curricula.

Table 2. Redesigned Active Learning 45-Minute Classroom Routine
Daily Schedule (45-minute class period)

Bell Ringer (Practice of previously learned skill) 3 minutes
Hook: Engage (Introduce the question/phenomenon) 2 minutes
Inquiry/Project: Explore (Students actively investigate the topic) 10 minutes
Mini-Lesson: Explain (Introduce the concept/skill) 8 minutes

Group Work/Project: Extend (Students work together applying new skill) 10 minutes

Independent Study: Extend (Practice applying knowledge to problems in

10 minutes
workbook)

Wrap-Up: Evaluate (Formative Assessment/Quick Checks) 2 minutes

This schedule is structured using the SE lesson plan model. This lesson plan model was
created by Rodger Bybee et al., for the Biological Science Curriculum Study (BSCS) in 1987.
The phases are set up in a way as to support and have the ability to apply this model to units
within curricula (Bybee et al., 2006). The 5E lesson plan model consists of five components that

encourage an active-based learning structure. The SE’s that are covered in this model are engage,
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explore, explain, extend and evaluate (Bybee et al., 2006). The SE framework is used in this
teacher-created active learning classroom routine (Table 2) and each of the 5E’s are represented
as phases.

In the Engage phase teachers can compose a hook to grab students’ attention which is
designed to engage and spark interest in the lesson. Hooks are usually brief and meant to engage
the learners immediately. Teachers present the hook which could be anything from “T have a
mystery envelope here for any student who can...” (insert something that relates to what they are
learning about) to a demonstration of a marble rolling down a wooden plane. The Explore phase
of the routine allows for students to explore the phenomenon, a problem, or a scenario. At this
time, students can ask questions, notice patterns, and test solutions. This prompts students to
think about the concept that will be introduced. Teachers provide support and guiding questions.
During the Explain phase, the teacher provides a brief mini-lesson, to shed light on concepts that
became apparent during the exploration and to introduce the new concept. Instructional
resources, such as the textbook, can be used to support this process. In the Extend phase, students
apply their understanding through structured group work, using teacher-designed extensions that
reinforce and deepen the targeted concept. Teachers provide support during this phase by helping
students construct their own knowledge through higher-order questioning. Students are given
time for independent study; a time where they engage with their textbooks or practice the new
skill in other ways. This time can also be used to differentiate and scaffold for students who need
extra support. Finally, in the Evaluate phase, students are presented with an exit ticket or quick
check to determine mastery of the skill they learned about. With this structure, it is feasible to

include active learning teaching strategies that can fit within the structured curriculum of a high
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school mathematics classroom. This set routine allows the teacher to continue with the
curriculum without having too many independent modules. If needed, this routine can cover a

90-minute block as provided in Table 3.

Table 3. Redesigned Active Learning 90-Minute Classroom Routine
Daily Schedule (90-minute class period)

Bell Ringer (Practice of previously learned skill) 5 minutes
Hook: Engage (Introduce the question/phenomenon) 5 minutes
Inquiry/Project: Explore (Students actively investigate the topic) 20 minutes
Mini-Lesson: Explain (Introduce the concept/skill) 15 minutes

Group Work/Project: Extend (Students work together applying new skill) | 20 minutes

Independent Study: Extend (Practice applying knowledge to problems in
20 minutes
workbook)

Wrap-Up: Evaluate (Formative Assessment/Quick Checks) 5 minutes

Within some curricula, specific lessons require two days depending on the complexity of
the concept students are learning. A two-day routine is provided for this scenario. This routine
may also come in handy if the teacher feels the need, due to student understanding or mastery, to
take two days to cover a more complex lesson and can do so while following their district

curriculum and pacing guides.
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Table 4. Redesigned Active Learning Two-Day Classroom Routine
Day 1: Engage & Explore (45-minute class period)

Bell Ringer (Practice of previously learned skill) 3 minutes
Hook: Engage (Introduce the question/phenomenon) 7 minutes
Inquiry/Project: Explore (Students actively investigate the topic) 30 minutes
Initial Wrap-up: Evaluate (Quick Check of Exploration) 5 minutes

Day 2: Explain & Extend/Apply (45-minute class period)

Review: (Revisit findings from previous day’s inquiry) 5 minutes

Mini-Lesson: Explain (Introduce the concept/skill) 15 minutes

Group Work/Project: Extend (Students work together applying new skill)

-AND/OR-
20 minutes
Independent Study: Extend (Practice applying knowledge to problems in
workbook)
Wrap-Up: Evaluate (Formative Assessment/Quick Checks) 5 minutes

Integration of Instructional Components

Utilizing this daily lesson structure facilitates needed time to create an active learning
environment using CRA (Concrete, Representational, Abstract) materials and strategies, inquiry,
and collaboration. These components all fit within the restructured daily lesson routine and can
be used in conjunction with curriculum and textbooks. All of the strategies provided in this

framework allow students to engage with UDL (Universal Design for Learning) strategies which
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include multiple means of engagement and representation to portray their understanding through
inquiry as individuals and as a group.

Using CRA enables students to interact with manipulatives allowing them to thoroughly
explore the concept by progressing through concrete, pictorial (representational), and abstract
structures. This ties directly to the constructivist theory that suggests students’ individual
development is tied to active exploration (McLeod, 2024). Inquiry-based learning opportunities
are implemented through mini-investigation scenarios where students can explore problems in-
depth and try to solve it on their own before the teacher explains the concept. Along with the
mini-investigations, group investigations during the extension phase empowers students to work
together to extend on the knowledge they have constructed. Interchanging inquiry and projects in
the explore and extend phases allows the teacher to implement a project-based learning
opportunity at the end of a unit of study as a culminating application of acquired skills and
knowledge. As reflected in the active learning classroom routines, creating time each day for
students to explore and practice the concepts they are learning allows teachers to continue to use

the curriculum and engage students in active, meaningful ways.

Core Instructional Resources

Concrete. Representational. and Abstract Strategies

Using the CRA strategy in mathematics provides much needed scaffolds for building
problem-solving skills which students can use to solve real-world problems. This strategy can be
used during the Explore or Extend phase of the SE model active learning classroom routine
depending on student needs. The CRA strategy begins with introducing a concept by

representing it in a concrete form through the use of manipulatives and movement. Students use
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concrete objects to “do” or model math problems. These objects can be blocks, colored chips,
pattern blocks, fraction bars, and algebra tiles. The second stage of CRA is representational. This
1s the “seeing” form of CRA where students transform the concrete model into a semi-concrete
model. This is usually represented by pictures or drawings of the concept being learned. The
final stage of CRA 1s the abstract stage. This is the symbolic representation of the concept being
taught. In math, students move from the pictorial to the abstract by modeling problems using
symbols. An example of this would be the operational symbols (+, -, X, +) common in math
(Methods, 2024).

To implement this strategy, teachers may use such manipulatives such as algebra tiles and
geoboards. The use of algebra tiles should be explicitly modeled to students. Algebra tiles are
used to construct the concrete representation of an algebraic equation (Figure 1). Students use the

tiles as a way to physically manipulate the equation to help with understanding (Figure 2).

Figure 1. An image of colored algebra tiles for building equations
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Figure 2. A photo of algebra tiles being used to create and solve equations



27

Algebra tiles are made up of three shapes: a small square, a rectangle, and a large square.
Each shape has a green/blue side which are positive and a red/yellow side which are negative.
The small square represents the number one. The rectangle represents the variable. The large
square represents the variable squared. Students match the tiles to the expression or equation
they are working with as shown in Figure 2. A key concept in using algebra tiles is the zero pairs
concept. Zero pairs occurs wWhen a positive tile is paired with a negative tile of the same shape
and size. These tiles cancel each other out and are removed from the workspace. Students
manipulate the tiles according to the order of operations until they have only one variable tile on
one side of the equal sign and whatever is left from solving on the other side of the equal sign.

Once students have mastered the equations at this level, they move into the next stage
which is pictorial representation. For this stage, students draw pictures that may be similar to the
tiles they used during the concrete period to continue to construct their knowledge of the
concept. Students may also draw tape diagrams, dots, squares, and/or balance squares which are
a t-shape that visually represents the equal sign in algebra. As students’ progress through this
stage, they are able to visualize the manipulatives become more abstract in nature through
drawings and figures which represent the expression or equation.

The abstract stage is where the student has the ability to see or read the problem and
solve it by using mathematical symbols and systems of equations. Figure 3 shows a teacher-
created CRA mat which is similar to a place-value mat used in elementary classrooms (Appendix
A). This mat helps transfer the concrete and pictorial representations to an abstract equation by
structuring all three stages in the same way, in the same place so students can make the

connections they need to build their understanding. The CRA Mat can be used to support
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students understanding of Algebra 1 concepts such as solving equations of linear and non-linear
functions. They also assist in building understanding at each stage of Bruner’s theory of

cognitive development.

CRAMAY Write your equation in each of the boxes:
o O o O o 0
Build the problem Draw a visual Solve the problem
using model of the using numbers and
manipulatives problem mathematical
symbols
C R A

Figure 3. A CRA Mat students use to construct the concrete, representation, and abstract Algebra
equation.

Some students need the extra support that CRA provides to help them construct the
knowledge they need to progress to the abstract skills typically found in Algebra 1. Being able to
solve abstract problems helps students develop strong problem-solving skills needed for projects

and inquiry.

Inquiry-Based I.earning Tasks

Inquiry-based learning, or IBL, is a key component for obtaining an active learning
approach. IBL encourages active investigation rather than simply receiving facts about the topic.
Students are able to work independently or in groups to explore a phenomenon or a problem.
During this inquiry routine, students ask questions, test results, make mistakes, analyze errors,

and build their conceptual understanding.
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To incorporate IBL into curriculum, teachers can input these tasks into the Explore and
Extend phases within the daily lesson routine (Table 2). This facilitates supplementing lessons
with inquiry opportunities. Because most teachers have curriculum that is district/school
mandated, they need to be able to still teach from the curriculum and use materials such as
student workbooks. Some curricula provide inquiry opportunities, but typically it 1s digital and
students are only able to explore with digital graphs. To provide students with more opportunities
to actively analyze and evaluate information by using more than just their iPad, teachers can use
inquiry/scenario cards for variety and a more active learning experience.

Inquiry cards, or what the teacher termed Investigation/Extension Cards for use in
Algebra 1, are tools that can prompt thought, ignite curiosity, and guide problem-solving. Canva
was used to create the cards shown in Figure 4 starting with a blank canvas. To generate the
examples below (Figure 4 and Figure 5), ChatGPT was used by the teacher to guide the structure
of the cards since there is little reference for inquiry to follow within curriculum. Through
discourse with ChatGPT-generated text, one can learn a lot about how to structure a solid Inquiry
card. Inquiry (Investigation/Extension) cards should encourage students to think on their own
and should contain a scenario, data or a visual, and thinking prompts (OpenAl, 2026; see
Appendix E for the full transcript). The teacher aligned the investigation and extension cards

with three lessons in a unit within Algebra 1 district curriculum.
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Investigation Card 3

Lesson 4.1 Intercepts
T — Materials you will need
vou have a $50 gift card for Quaranbean, the to complete the tasks:
local coffee shop. Each drink costs §5.
Balance
Prinka Purchased | Romaining * Paper/Whiteboard to record your
] ? aANsSwWers
5 " » Graph board or graph paper
= = » markers/highlighters
- * pencil

? 0

Questions:
1if you haven't bought any drinks yet, how
mueh money is on the card? What point
would this be on the y-axis?
2 How many drinks can you buy before the
card is completely empty? Where would
this point be on the x-axis?

Figure 4. Investigation Card 3 (front and back) used for inquiry-based learning in Algebra 1

The investigation and extension scenario cards in this project cover graphing linear
functions, rate of change and slope, and slope-intercept form as taught in Algebra 1. Two
investigation opportunities per lesson are provided, as most lessons introduce two concepts or
strategies. There are eight investigation cards (Appendix B) in total covering linear and non-
linear functions through three different lessons. Using the investigation cards, students read the
prompt and answer the questions. They can ask their own questions, formulate responses, and
represent them in multiple ways. These ways consist of using paper/pencil, whiteboard/marker,
or record their investigation by video. Teachers support this Explore phase by circulating around
the students, encouraging thought, and supporting outcomes.

Each ivestigation card is paired with an extension card (Figure 6). The extension cards
(Appendix C) are used for group work during the Extend phase. Extension cards broaden or
advance the concept that students investigated during the Explore phase. Extension cards can be
omitted if there 1s not enough class time. They could be used as a unique way to assess

understanding as a formative assessment.
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Extension Card 3
Lesson 4.1 Intercepts
Materials you will need

Investigation: Quaranbean to complete the tasks:

+ Graph board or graph paper

+ dry-erase markers or highlighters
+ pencil

» desmos calculator

Group Tasks:
1Plat the two specilic points from questions 1 and
. ation Card % Draw a lire connecting
his accurately show your spending?
the balanca. can you writ
8 how the S50 drops suary

o graph by using Desmas
4.Chalenge anather group's equation. De ready to
defend your anawer!

Figure 5. Extension Card 3 (front and back of card) used for inquiry-based learning in Algebra 1

Pairing the extension cards with an investigation card increases time for exploration of
the specific skill they are covering. These extension cards firm up what students learn through
their own investigations and through the lesson the teacher presents during the Explain phase.
They are meant to extend the concept in a way that encourages students to work together and
apply what they have learned. A list of materials that the students will need to complete the
extension 1s listed on the back of each card. While students work together in groups to extend
their understanding and apply new concepts, teachers act as facilitators. Teachers move between
groups challenging student thinking and ensuring students are applying their newly gained

knowledge in different contexts.

Collaborative Learning Structures

Students working together in groups fosters teamwork by encouraging learning through
active exploration. In this setting, students have discussions, share knowledge, and engage in
peer learning and teaching. The students learn to apply their knowledge to real-world problems,

build deeper understanding through collaborative conversations, and share accountability.
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This collaboration is structured in small groups of 2-4. Small groups help students stay
focused on the task and limit distractions. Each person in the group is assigned a role: recorder,
questioner, presenter, etc. The recorder ensures that the discussion and work are recorded in
some way whether in writing, typing, or video recording. The recorder, or thinker, communicates
their ideas to the doers, or builders of the solution. The questioner is in charge of asking
questions such as, “Why does that work?”, “Can you explain that step to all of us again?” or,
“What does that number/letter represent?”. This helps the group to verbalize their mathematical
reasoning and all students become stakeholders in the process. The presenter is the one who
builds the solution from input from all members of the group as they discuss, guide, and
verbalize their mathematical process. The presenter then presents the group’s investigation to
another group, the teacher, or to the rest of the class. A rotation of roles can ensure that all
students learn the math and be able to think mathematically. This teaches them to be supportive
and understand that everyone is responsible and accountable for the work of the group as any one
of them could be called on to explain their work.

When introducing group work, the teacher sets clear expectations for behavior,
responsibility of workloads, the desired outcomes (work samples, etc.), and group accountability.
These expectations may need to be repeated often in the beginning, until students are able to self-
direct the work of the group, meeting the expected standard. A rubric (Appendix F) is available
to assist groups in meeting the expectations. The rubric guides students by helping them to stay
on task and reach the desired outcomes.

The collaborative learning structure, or group work, supports learning by providing a

space and time for students to discuss their investigations, suggest possible solutions, build
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speaking and listening skills, develop critical thinking, and the ability to justify the group’s
answers. By mastering these collaborative learning routines, students develop academic stamina,
interpersonal skills, and shared responsibility that are required to navigate the student-directed

inquiry of project-based learning.

Extended Learning: Project-Based Applications

Project-based applications can be implemented during the Explore and Extend phases of
the daily lesson structure, but may require more than the time allotted for these two phases.
Because project-based learning (PBL) can take more time than a single class period, it is
recommended that the project replaces the daily routine as PBL encompasses all phases of the SE
model. This ensures the framework is still being met, but allows more time in the schedule to
complete the project. It is advised to use up to two to three days for a well-rounded PBL in which
students can actively engage, learn, and apply the concepts they have mastered. For a unit on
linear and nonlinear functions, multiple project-based learning opportunities are available for
teachers to introduce and have students investigate.

A project (PBL) investigating slope with a local watershed is provided in this
instructional design (Appendix D). The project is written using a SE lesson model. The project is
designed to be the closing of a unit focused on Linear and Nonlinear Functions, specifically, the
topics of rate of change and slope. The core idea covered in this lesson is measuring how one
quantity changes relative to another. Before beginning the project (possibly the day before), the
teacher should provide a background lesson about watersheds (Calvo, 2014). This is important as
students may not know what a watershed is and what it impacts. This 1s also where a cross-

curricular approach connects science to math.
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At the beginning of the project, students are provided with a phenomenon and a driving
question. As students explore, the teacher facilitates the learning by providing materials and
opportunities for students to discuss and record their observations, helping students to stay
focused and engaged. Students interact with the phenomenon of water staying in place or
running off an object. The teacher provides topographical maps of a local watershed and students
select three different areas of the creek to calculate the slope for each area (Creek Connections,
n.d.).

The teacher then facilitates the Explain phase where a whole group discussion helps to
clear up any misconceptions about the observed phenomenon and topographical maps. The
teacher introduces any new concepts or ideas that have an impact on the project. The teacher also
provides guiding questions and suggestions to help students think about whether the watershed is
linear or nonlinear, connecting the project to the overall unit (Bassage, 2019).

The 5E lesson model had the Extend phase after the Evaluate phase. This was adjusted by
moving the Extend phase to come before the Evaluate phase. The justification for this is due to
students needing to produce a product of their learning so the teacher can use the project as a
summative assessment for the overall unit. The Extend phase directs students to create a 3D
model of the local watershed they studied during the Explore and Explain phases of the project.

Students form into the same groups they were in during the Explore phase. The teacher
provides a rubric (Appendix G), materials, parameters, and definitions of representations in the
model. Students use the rubric to guide their construction of the 3D model. Students trace and cut
cardboard to recreate the watershed from the map as a 3D representation. Students use layers to

show rate of change and slope within the watershed. Students label their 3D representation with
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elevation markers, calculated slopes, and ridgelines to designate the watershed boundary. The
teacher checks throughout to ensure students are following measurements and calculations as
they build. The teacher rotates through the groups asking guiding questions and challenging
designs (Creek Connections, n.d.) (Bassage, 2019).

When students have completed their 3D models, teachers use the PBL rubric (Appendix
G) to evaluate students’ group project. The evaluation assesses group problem-solving, math
(equations and graphs), speaking and listening, and the final product (3D model). This acts as a

summative assessment of the content covered in the linear and nonlinear functions unit.

Instructional Design Rationale

The rationale for this instructional design comes from the understanding that there are
many approaches and strategies available to create an active learning environment in a high
school math classroom. One of the strategies featured in Jerome Bruner’s theory is the use of
concrete, representational, and abstract (CRA) models used in teaching and learning in
kindergarten through 12th grade math classrooms (Methods, 2024). According to the
Pennsylvania Training and Technical Assistance Network (Methods, 2024), Jerome Bruner’s
theory of learning and cognitive development states that learners construct their own knowledge
through active experiences (McLeod, 2024). He believed that every learner progresses through
three stages of learning, concrete, representational (pictorial), and abstract (CRA). The CRA mat
and manipulatives address this progression with an individual approach, scaffolding students to
reach the abstract goals of Algebra 1 content.

Other approaches used in this instructional design is inquiry-based learning (IBL) and

project-based learning (PBL). Students who are given time to work through inquiry and projects
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associated with the real world increase their understanding of mathematics (Ernst et al, 2017).
The opportunities for IBL and PBL provided in this design are integrated within the existing
secondary mathematics classroom system which uses curriculum and follows a pacing guide.
Through practice, the restructured daily routine is designed to work with multiple
approaches (CRA, IBL, PBL) and curriculum in tandem to maximize active learning. Utilizing
this framework can serve as a starting point for student engagement, motivation, and improved

academic performance.

Using These Resources in Practice

To manage the schedule so that the teacher does not fall behind in curriculum or pacing,
it is important for teachers and students to start slow by learning one routine at a time. Teachers
must set the expectation of each phase of the daily routine and follow it with opportunities to
practice. With practice, each routine has the potential to become easier and flow smoothly. A
suggestion would be to use timers until the flow of the schedule becomes natural. It is an
adjustment and may take time to implement. It may be helpful to use the first two weeks of
school, when schedules are more flexible to practice this routine. During this practice phase,
inquiry opportunities can be found through a quick AI query using Google Gemini or ChatGPT.
It is always important to check Al for errors in content, but this is a quick and simple way to
implement tasks for practice purposes.

After practicing the schedule routine, teachers should give deep thought to group
structure. Suggestions for this include thinking about the students and their mixed abilities.
Groups can be structured based on heterogeneous (mixed abilities) to support learning styles and

math ability. There are many reasons for specific grouping but, teachers should ensure that every
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student in the group is contributing and learning. This creates a space where every student is
recognized, supported, and given every opportunity to learn. The structure of groups is vital,
should be monitored throughout, and changes made when needed.

To incorporate an active learning classroom environment, teachers should secure the
materials needed beforehand. The teacher should plan for the unit ahead of time and determine
what manipulatives, digital tools, and/or task cards will be utilized. A set of resources for a unit
on linear and non-linear functions is provided in this instructional design. However, it only
covers one unit and is meant to provide an example of the project and some resources for
teachers to try. Beginning and continuing an active learning-based classroom, requires more
resources. The template for the Investigation/Extension cards are provided (Appendices B & C)
and are able to be edited for other lessons. A SE PBL example is also provided in Appendix D
and can be used as a guide for different PBL lessons.

No matter how much prep and planning goes into lessons, students invariably ask
unexpected questions. Being flexible 1s essential in this design. It is okay to take time and
acknowledge these questions as students bring a different set of logic to the discussions.

Knowing when to “circle back™ or return to the topic at hand is key to staying on track.

Appendices Overview

The appendices provide the framework of the active learning, inquiry-based design
discussed in this paper. Appendix A contains the teacher-created CRA mat for implementing
concrete, representational, and abstract scaffolding to support students. Appendix B includes the
Investigation cards and a link for editing/copying purposes used during the Explore phase of the

daily structure for an active learning classroom. These are used for individual or small group



38
inquiry opportunities. Appendix C provides the Extension cards and a link for editing/copying
purposes. These cards are used during the Extend phase of the active learning environment daily
structure. The cards guide group work and extend the concept students learned during the
Explore phase. Appendix D provides the project-based learning SE lesson plan on Slopes and
Watersheds. This lesson is to be utilized as a stand-in for a few days in the daily structure as it
covers each specific area of the structure. Appendix E includes a link to the ChatGPT transcript
that was used to facilitate the design and creation of the Investigation and Extension cards.
Appendix F contains the Group Work Rubric used during the Extend phase of the daily structure
to guide students in productive groupwork. Appendix G provides the PBL Rubric for the SE
lesson plan on Slopes and Watersheds and is used to guide the teacher’s assessment of the project

from beginning to end.
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CHAPTER FOUR

VALUE: REASONING AND REFLECTION

Instructional Significance

The SE/CRA instructional design produced in this educational scholarship is an active
learning model. Rather than introducing an additional curriculum, this instructional framework
partners with a district mandated instructional unit within Algebra 1. It adjusts the passive
standard and has the potential to make math approachable, fostering student connection to the
content. Teachers can encourage students who exhibit Math Avoidance Behavior (MAB) such as
negative self-talk, to explore math within their differing learning abilities and representations.
The use of CRA strategies like engaging with manipulatives and drawings mitigates cognitive
barriers by providing students with scaffolds to help them move to an abstract concept. Inquiry-
driven investigations shift student learning by engaging with a concept prior to instruction. This
provides a point of reference for them, or background knowledge, for the concept, activating the
following instruction with concrete investigations. This design facilitates confidence and
accountability for learning. Student agency is fostered as students take responsibility for their
progress, expound on mathematical ideas, acquire cognitive processes, and build collaborative
relationships. This instructional design has the capacity to increase engagement as it allows
students to: discuss with their peers in a collaborative way, physically manipulate data mputs and
outputs on a graph, and think about questions and answers as a means of learning. MAB can be

reduced and a growth mindset can be strengthened through active learning.
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Conceptual Implications

This instructional design explicitly implements constructivism, a theory that suggests
learning happens when humans construct their own knowledge through experiences (Bada &
Olusegun, 2015). Modeled after this theory, the mstructional design presented in this project
brings theory into practice by providing authentic, inquiry-based learning opportunities that
actively engages students. When students are able to manipulate and discuss versus sitting and
listening, they understand the concept in a deeper way. Active learning can be interpreted as
math talk happening in various places in the classroom with questions, debate, and possible
answers. It can take the form of multimodal representations such as students building, drawing,
and manipulating graphs to arrive at a conclusion. Textbooks become a resource instead of the
primary objective of their learning experience. Realigning the daily classroom routine allows for
active learning while keeping pace with district curriculum requirements. This realignment is
necessary to include room for students to ask questions, make connections, investigate, and
arrive at solutions. With representation in the concrete, representational, abstract (CRA) strategy
and the 5E lesson plan model, to inquiry and connection to real-world investigations, this design
opens the door for the teacher to be a facilitator of learning in their classrooms versus being the
primary leader. It also provides a space for students to build their own knowledge instead of just
being the receiver of knowledge.

The framework of the design is demonstrated through mvestigation cards like the coffee
shop gift card task (Figure 4), which requires students to explore the decreasing value of a gift
card as it was used to purchase coffee at a local coffee shop. Rather than passively learning a

formula for slope, students evaluate the information and respond to guided prompts that
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promotes cognitive expansion beyond the given data. Students learn to use critical thinking skills
by extending the investigations usings extension cards (Figure 5). By manipulating a Desmos
graph of x- and y-coordinates, students ascertain algebraic equations by pattern recognition and
problem solving. Students connect what they are learning about abstract linear intercepts to a
real-world mathematical phenomenon. The progression between the investigations and
extensions help mitigate the cognitive mismatch between the concrete and abstract modes of

representation.

Implications for Classroom Practice

To create an active learning environment, the teacher should prioritize time to explicitly
teach the routine and the expectations of each phase of the SE model. Teachers should also
explicitly model expectations for collaborative work such as positive, meaningful contributions
to discussions, and group responsibilities. While the provided materials cover a single three-
lesson unit, the framework serves as a blueprint for teachers to model their own inquiry
investigations and projects after the design across other curricular units. Parts of the design can
be applied without any new resources, such as the 10-minute mini-lesson and the use of the CRA
Mats. The materials are designed to align with Algebra 1 curriculum and pacing guides.

Active learning frameworks utilize manipulatives or visual tools, problem-solving
activities, and group collaboration for investigative tasks (Nurbavliyev, et.al. 2022). Using any of
the suggested strategies (CRA, IBL, PBL) and collaborative work can be incorporated
independently of each other. This allows teacher and students to adapt slowly to new routines.
The instructional principles practiced in the framework include: 1) reviews via formative bell

ringers and extension tasks), 2) presenting material in targeted mini-lessons, 3) scaffolded
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application using investigation cards, 4) continuous formative assessment during collaboration
using rubrics and 5) summative evaluation through project-based learning. Active learning
encourages students to become problem solvers and critical thinkers in and outside of the math
classroom by teaching them to persevere through challenges, engage in challenging dialogue,
and learn through experiences.

A key assumption in the design of this mstructional resource is that inquiry works best
when students are provided time to explore a concept individually or in small groups. In practice,
students examine problems, ask questions, build models, and construct responses which allows
for student agency and independence. Asking questions guides students as they think through a
particular math problem. Building models with manipulatives helps students to physically
construct cognitive processes. This sensory (enactive) interaction bridges the gap from concrete
manipulation to pictorial (iconic) representation. Once students have solidified their
understanding with visuals like coordinate planes and data tables represented within the inquiry
cards, they have the scaffolding required to move into abstract (symbolic) representation and
manipulation. This entire process can be accomplished by simply providing students with time to
engage with and understand the problem. The CRA, IBL, and PBL strategies are independent
variables and therefore can be implemented independent of one another. This design provides a
way for teachers to slowly move away from the passive standard of learning without inciting
major disruptions to current classroom routines. Once new routines are solidly implemented,
teachers may choose to include other strategies to encourage and promote a more holistic active

learning environment.
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Implications for Student I.earning

When students construct their own knowledge through active manipulation of materials
like algebra tiles and explore through inquiry-based investigations/extensions, they have the
ability to transform from a fixed mindset to a growth mindset. This type of transformation has
the potential to move them away from “I’m bad at math” to “T can investigate math and learn”.
This metamorphosis aims to facilitate reducing Math Avoidance Behavior (MAB), a behavior
that resembles disengagement, cognitive withdrawal, and chronic absenteeism (Bada &
Olusegun, 2015).

Students conceptual understanding has the potential to deepen as they learn the why and
how of math. For example, the inquiry component of the framework features a physical
investigation where students explore slope by measuring the rise and run of the staircases in a
gym. This serves as a primer for students to understand the two variables that determine the slope
of a line and how these variables change for different staircases before confronting slopes of
lines on a coordinate grid. Through this mvestigation, students have the opportunity to notice that
the steepness of the staircase changes depending on how high and how far the stairs extend.
Through inquiry and multiple representations this active learning strategy offers a way to meet
students’ individual learning needs. Along with measuring gym stairs (concrete), students are
given the opportunity to draw the stairs with the determined rise and run on a graph
(representational). Students can represent the rise and run as slope through an equation (abstract)
by computing the two variables. This student-centered approach assists in guiding students
through the math which replaces the passive, traditional, direct instruction typical in math

classrooms.
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Students also actively explore new concepts through collaborative efforts. Students assist
each other in measuring, talk through how to draw the graph according to their measurements,
and ask questions as they create their final equations. Thoughts and ideas find support, or are
challenged in a group setting. This collaborative effort elaborates on the content being studied as
students share their own knowledge of measurement, the importance of accuracy, and the
mathematical operations needed to find the answer. Through this type of collaboration, students
can learn to apply their knowledge in different contexts, building pathways to deeper

understanding.

Professional Reflection

The creation of this framework developed from an observed identification of MAB and
exposed a one-way information framework. A shift needed to take place in mstruction to improve
teaching practices of secondary mathematics so that students had a chance to learn in a way that
was meaningful and appropriate to their individual needs. This highlighted the necessity of
aligning what was determined by constructivism as ways students learn to an instructional design
that works with what teachers are already doing. This alignment of routines, Bruner’s Enactive-
Iconic-Symbolic framework (McLeod, 2024), and inquiry-based investigations ensured that the
lesson becomes a bridge supported on all sides by student exploration.

The discrepancy between the curriculum and students’ cognitive readiness, and other
factors, like MAB, did not support engagement, interest, and motivation. Math required learning
and doing, and that was missing in the traditional routine. Students needed something else,
something that worked with them and supported their individual needs. That is when an active

learning approach became the mission.
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This instructional design prompted a fundamental shift from a teacher-centered, passive
learning environment to a student-centered, active learning environment. This transition shifted
the role of the teacher from a single presenter of information to a facilitator of inquiry. Through
this facilitation, opportunities were provided for students to explore the math, make mistakes,
talk about them, discuss ideas and solutions with peers, and use various tools to support
cognitive connections. Rather than passive compliance, the classroom became dynamic with
students as the primary knowledge constructors. The design challenged pedagogical thought in
regards to the traditionally taught math class with rote memorization and disconnected practice.
The philosophy of the teacher changed through this process understanding that rote
memorization and practicing concepts that were not understood did very little for student
success.

From this endeavor, new possibilities surfaced. Ideas for inquiry and implementation into
the current curriculum beyond one unit became an obtainable goal. Including more kinesthetic
movement into an abstract world brought about solid ideas such as the staircase investigation
thwarting the passive nature of abstract algebraic models. Time adjustments to the 45-minute
routine were adjusted to fit the needs of diverse classroom settings. Future versions of this
framework must be adaptable ensuring that active learning becomes the standard instead of just

an intervention.

Future Directions

While this framework focused exclusively on linear functions, future development entails
expanding on this design across 10-12-unit Algebra 1 curriculum. New investigation and

extension cards will be created to support all units in Algebra 1 as well as more unit ending
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project-based learning opportunities. To connect abstract problems and real-world phenomenon
further, the framework will include place-based activities (field opportunities) to explore
mathematics in the outside world. A specific midterm opportunity involves an investigation of
Indigenous tipi (lodge) ring sites within prairie regions. Students will gather data by mapping tipi
rings to determine the number of camps, study the geometry and symmetry of the camp design,
analyze rocks from a single tipi ring to determine the size of the lodge and graph to compare
number and varying sizes of lodges within the camp.

Going forward refining the inquiry and extension cards are the crucial next step to ensure
that the mathematics follows the rigor of the standard each investigation explores. The cards
should be refined as student and teacher exploration determines inconsistencies, or redesign them
for optimizing performance of the tasks to streamline the inquiry process and maximize the time

allowed.

Conclusion

Although traditional models of direct instruction have been the way to teach secondary
mathematics in the past, newer research suggests that passively gaining knowledge is not
sustainable for student motivation or deep conceptual understanding (Wen & Dubé, 2022).
Cognitive theory and constructivists have researched how people construct knowledge through
active exploration (McLeod, 2024). Strategies, designs, and approaches to active learning have
existed for some time, and still there are far too many teacher-centered, passive learning
classrooms lacking opportunities for exploration and allowing students to be constructors of their
own knowledge. This comes from the push to get through the content, master the practice, and

pass the test. This design shows that there can be both exploration and curriculum. Educators can
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allow students to build their own understanding and still teach the content they need to teach. It
1s possible and all students deserve the right to deeply engage with math. Math avoidance
behaviors (MAB) can be superseded when educators provide scaffolded instructional designs,
recognize diverse cognitive abilities, and allow students to explore and connect with

mathematics in ways that promote interest and student-driven learning.
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APPENDIX A: CRA MAT
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CRA MAT

Write your equation in each of the boxes:

Build the problem
using
manipulatives

Draw a visual
model of the
problem

Solve the problem
using numbers and
mathematical
symbols

A
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APPENDIX B: INVESTIGATION CARDS
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Investigation Card 1
Lesson &1 Tables.
Tithe: Grades
Your grade in math begins at 0 at the

baginring of the semester
Ewery day you turn in ane daily bel
fger,

g [P ——

=

Questns

L What pattern o yea rasical

7 What e the startng ek repreee”
5 Dwae & grapin sed plot the poss.

[ 1-1C1 Front
Investigation Card 4
Lassan 4.2 Rate o/ Change
Tithar Mywtary Rase

Think wheut the Mook intrer Person Walling
Think of & ststion whare as ane thing
maves formard Eund, anather thing changes
haight [Hisal

Rdepindort | V-Drporiest

Thinke
Wt e
you
iyt

1.Cans you crwate a table from your
a

2005 your tabie show & steady change]
3 Can you graph e

Materials you will need
to complete the tasks:

« Paper/Whiteboard ta recoed your
ANSWErs

= Gragh board or graph paper

= markers/hightighters

= pencil

3 2-IC1 Back

Materials you will need
to complete the tasks:

* Paper/Whiteboard to record your
answers
* Pencil/Dry Erase Marker

Selectall

Investigation Card 2
Lassen 4.1 Points on o Line
w— Materials you will need
Heave 3 et gigh of the lrscar arscte reiated to complete the tasks:
o its solutions?
.ﬁ = Paper/Whitebaard to record your
ANSWers
= Pencil/Dry Erase Marker
ST W T « iPad for Desmas Calculator
1

Questionas

1 What S8 you notice Bbout the poimst

2What information do the ports i you?

5 What st L squation for this graph

inchada?
& Expiore the graph in Desmaos.
01 3-1C2 Front 1 4-1C2 Back
Ivestigation Card §
Lessan 4.2 Staps

s Materials you will need

bt Urrer: Stap wireres yini wish lsnst
¥ty i th roomi. Mamere yaur detance in
foat Record Both your time and the ditance
at which you stopped

to complete the tasks:

* Measuring tape/rulerfyardstick
& = » Paper/Whiteboard 1o record your
l_..l.rl 8 a ANEWErS

. « Pencil/Dry Erase Marker

Gusstians
1.C 7 yous ereati o tacie f1om pour
Ffarmatisn? What s the independers

7 How does distance changs sach secord?
What s happering im the relsticnthy the
fawther you wakT

Investigation Card 3
Leusan 4.1 intereapts

Thtie Quarsnhasn
Vou have & $50 gt card for Quaranbean, the
ol cotfes shop. Each srink cests 533

Questions
¥ you have't Dought ary drinks yet, how.

[ 5-1C3 Front
Investigation Card &
Lasson 4.7 Beps- Interenpt
Tl S Baes

Materials you will need
to complete the tasks:

= Paper/Whiteboard to record your
answars
» Pencil/Dry Erase Marker

1 6 - 1C3 Back

Materials you will need

91 5 3 B2 Tar ey e thay o

v vt o
the car, Cromta a table fo 0 12 3 and & roies.

1 CTie ohg pa sars s i s i el 2

2 W B s

to complete the tasks:

* PaparfWhitaboard to record your
answers
» Pancil/ Dry Erase Marker

Link to File: Investigation Cards



https://canva.link/upork9vej3if1zw
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APPENDIX C: EXTENSTION CARDS



Extension Card 1
Lessan 41 Tables

Irestigation: Compars Tws Students
You sarn 5 buliringer points every day
starting at 0.

Yaur classmate starts with 10 points.
But sarns 2 ballrnger paints every
iy,

A.Piot the pords an a graoh b esch
stucient.

5 What ia similar and what i differert
bt gsch graph?

& 1-EC1Front

Extension Card 4
Lassan 4.2 Rate of Change

Breup Taska:
PR s o et b
rigasion Card 4
2740t i T e Lokl s et Do o

Woshd s e rrae S s o v
aritat

Materials you will need
to complete the tasks:

+ Papar to create tables

= Pencil

= Graph board or graph paper

« dry-erase markers or highlighters

® 2- EC1 Back

Materials you will need
to complete the tasks:

# Graph board or graph paper
+ dry-erase markers or highlighters
= pencil

Select all

Extension Card 2
Lesian 4,1 Poasts sm s Line
Inuustigation: Point Platting
Group Taske:
1 Dater mire the sther points that coukd fe

o s e
LWl thass poirts ala be solutions to
e wauastion Recaed your dacussian

1. Chack yout paints by Using Desmes.
6. Chalienge ancther grous's plotted
points. fla raacy to defand yr aniaer

© 3-EC2Front

e s atannce del you oo wech seoed!
AT 0 o Uk s of L gl

* Takn prar therge i hwanus ae gy g
e e

8. abrbrg o s bt s ot ikt
e

Materials you will need
to complete the tasks:

* Graph board or graph paper

= dry-erase markers or highlighters

= pancil

= paper ar ipad to record
discussion

* desmos calculator

© 4-EC2 Back

Materials you will need
to complete the tasks:

» Graph board or graph paper

* dry-erase markers o highlighters

= peenicil

= caloulator

= paper or iPad to record your
discovery

Extension Card 3
L 4 Inberympts

Gronsp Tanka:
P e b g et b st
3 o ievmiogaiem Cars 3 Do p o comsacing

© 5-EC3 Front

Extension Card &
Losaon 4.1 Saps-dnteranpt

Shoden Fide service charges o 95 Mlat fee just 10
I, s 82 for every il they e s you
iF1tha cat Crante o table far 0,1, 2, 3, ke 4 milen.

o Task:
TWrtn & sartmnce-ruds 1 descrios how
o find the coss  for sny rumber o
o )
2Writw o sentence s an sguation Talk
BN AT ot b

apan por thinking:
Whiat # the squuaticn changed tory = I < 10

Pradict whars & wouid start on the graph
and how wesp it weould be based oo pour
Praviont pentanes rube Tk 1 ot with ybr
e

Materials you will need
to complete the tasks:

* Graph board or graph paper

* dry-erase markers or highlighters
« pencil

+ desmos calculator

© 6-EC3 Back

Materials you will need
to complete the tasks:

» Graph board or graph paper

+ dry-erase markers or highlighters
= pencil

= calculatar

* paper

Link to File: Extension Cards



https://canva.link/0mvifgw8fdf34ds
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APPENDIX D: PROJECT: SLOPE AND WATERSHEDS 5E

LESSON PLAN
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SE AND INQUIRY LESSON PLAN
Unit Topic: Topographic Mapping of a Watershed

Lesson Math Content: Rate of Change; Slope and Slope-intercept

Length: Two-Three 45-minute class periods

Performance Expectation: Determine slope percentages of a local creek. Use a model to
illustrate slope (steep/flat) and map a watershed boundary.

Materials Needed:

Teacher: Slightly rounded plate, water, cup; Cardboard for troughs:;Topographic maps of local
watershed (USGS Watershed Maps How To) (National Map Viewer); Computer; Smart board
or Smart TV; Rubric

Student Materials: Paper/Whiteboard; Pencil/Dry-Erase Marker; Calculator, Ruler; Cardboard;
Markers/Paint; Highlighters

Background: Background Investigation of a Watershed (Texas State University, 2026). This
background lesson may be helpful for students who have not been exposed to mapping. Contour
lines on a map depict four basic slope types: uniform gentle, uniform steep, concave, and
convex. Topographic Influence (Slope) describes the flow of water from high to low elevations.
Boundaries and ridges are defined by high points (elevation). Elevation is the vertical distance
(height) of a specific point on the Earth's surface, such as a mountain, city, or hiking trail,
measured relative to a fixed reference point, most commonly meaning sea level. Scale relates to
how small watersheds can exist within larger watersheds. Understanding mapping basics helps
us identify boundaries and understand elevations. Steepness determines whether water will soak
into the ground or continue over a surface.

A watershed 1s an area of land where all the water—whether from rain, snowmelt, or springs—
drains into a common water body, such as a river, lake, or ocean. Watersheds vary in size, from
small drainage basins for local streams to massive systems like the Columbia River Basin,
which covers multiple states. The boundaries of a watershed are defined by natural land
formations, such as mountains and hills, which direct the flow of water (Department of
Ecology, 2026).


https://www.usgs.gov/faqs/where-can-i-get-watershed-maps
https://apps.nationalmap.gov/viewer/
/Users/rebeccak/Downloads/3InvestigatingWatersheds.pdf
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Engage

Opening: This lesson is designed to be the closing of a unit focused on Linear and
Nonlinear Functions. Specifically, the topics of rate of change and slope. The core idea covered
in this lesson i1s Measuring How One Quantity Changes Relative to Another. As students enter
class, the teacher will present two photos, one of a steep mountain and one of a flat plain to
students for the anchoring phenomenon of the unit. Students will not be told what the pictures
represent. Teacher Note: The two photos should be found prior to teaching the lesson and should
be of areas near to where the students reside. This connects the lesson to place. Teachers should
elicit student experiences with the following questions (5 minutes).

1. Ifyou had to climb 500 feet, would you rather do it over a distance of 1,000 feet or 5,000
feet? Why?

Driving Question: How does the rate of change in elevation determine where our local water
Sflows?

As you are having this conversation on the phenomenon, place your plate on a table and
use a cup to pour water on the plate. The water will pool at the bottom of the plate. Then, tip the
plate and use the cup to pour more water on the plate. The water runs off the plate. Turn the plate
over to where it i1s upside down. Use the cup to pour water onto the plate. The water will run
down the convex sides of the plate. Repeat the entire process a couple of times. Finally, pour
water onto the concave side of the plate and tip the plate at varying degrees. The water will pour
out of the plate at different rates of speed. Tell students to record observations about the
phenomena in their notebooks using all five senses (5 minutes).

Potential Observations: Plate on a table. Water is pouring into the plate. It sounds like a
waterfall. Water 1s gathering at the bottom of the plate. Plate is turned upside down. Water is
poured on the plate. Water runs off the plate. Plate is now turned right side up. Water is pouring
mto the plate. Plate is tipping slowly, and the water 1s falling off of the plate. It sounds like rain.
Plate is tipping more and the water is falling off faster. Plate is almost vertical and all the water
has poured off.

Explanation of Phenomenon: When water is poured into the plate, it gathers at the
bottom. The plate is in its concave form, allowing the water to pool at the bottom of the plate.
When the plate is turned over, it is in its convex state. When the water is poured onto the plate in
this state, the water does not gather and runs off the sides. When water is poured back into the
plate in its concave form, and then the plate 1s tipped slightly, the water runs off slowly. As the
plate tips more and more, more water pours off at a faster rate. When the plate is vertical, all the
water pours off the plate and water is no longer on the plate.

Explore

Debrief with students on the results of the Plate and Water Phenomenon. Consensus
observations should include: When the plate is flat and concave, the water stays on the plate.
When the plate is convex or tipped at different degrees, water runs off the plate (5 minutes).
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Revisit the question: How does the rate of change in elevation determine where our local
water flows? At this point, most students will respond with discussions about the plate tipping
and water running off of the plate. Students will draw on their past experiences with the flow of
water. They may bring up waterfalls, lakes, rivers, rain, etc. Before students investigate ask
them: At what angle or slope does the water stop pooling and start moving?

Let students mvestigate how water flows. Divide students into 5 lab groups. Each group
will need a plate, a cardboard trough, water, and a way to record their observations. Have groups
experiment with pouring water on the plate and then on the trough. Teacher Note: Have the
students perform the experiment over small plastic bins so that the workspace remains safe and
clear of water. Have students record their observations of the flow of water in their math
notebooks. Prompt them specifically to describe the relationship between the steepness of the
trough and the speed of the water. Students should see that the speed of the water depends on the
steepness of the plate or trough. Provide students with USGS topographic maps of a local creek.
Students select three distinct segments of the creek (15 minutes).

e Segment A: High elevation/mountains
e Segment B: Foothills
e Segment C: Flat plains

Explain

After students made observations and recorded questions about the Water Flow
Phenomenon in their Math Notebooks, and using their personal map investigations as a guide,
have students whiteboard why they think a higher rate of change (s > 1) result in faster water
velocity. Introduce the formula for finding rare of change. The changes in y (dependent variable)
are divided by the changes in x (independent variable).

Ya—MW
X2 — X

(Where y 1s the elevation, and x 1s the horizontal distance)
Formula: Elevation A — Elevation B/Distance A — Distance B

Students use the maps scale and contour intervals to calculate the slope () for each creek
segment that they chose previously.

Yoa—WM
m=
Xy — X

Tell students to represent the flow of water by drawing a watershed. Allow students to do a quick
gallery walk once their boards are done to see other groups’ work. Have students take a picture
of their group’s whiteboard and submit it to your Learning Management Site when done (10-15
minutes).

Closing: When done whiteboarding, discuss the flow of water in both the opening
phenomenon (the water and plate) and their experiment. Have a concluding discussion on how
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the creek follows what happened in the phenomenon, following the contours of the land and
changing velocity as the elevation decreased by varying slopes. Also discuss linear vs. nonlinear.
Ask students to look at the creek as a whole. Ask: Is the slope constant? Introduce the idea that
real-world landscapes are rarely perfectly linear, but we use "average rate of change" to model
them (5 min).

Extend

(This phase has been moved to before the Evaluate phase, as this part of the lesson should
be included before evaluating student understanding.)

In this lesson, students will build a 3D Rate of Change Model. Students will construct
their models using either cardboard or clay depending on what the teacher has available. This
construction will be done in layers. Each layer of cardboard represents a specific step in
elevation.

Teacher Role: Provide a standard cardboard thickness (e.g., 1/8 in.) and define what the
“rise” (v) will represent in real-world feet (e.g., one layer = 40ft elevation). Before students glue
pieces together, check their “run” (x). Ensure they are spacing the layers according to their map
measurements. Rotate through the groups and ask, if vour slope calculation was steeper here,
should these cardboard edges be closer together or further apart?

Student Role: Students trace the contour lines from their topographic map onto cardboard
sheets. Each contour line becomes a layer. Students stack the layers to represent the change in
elevation. Each layer added is a constant vertical “rise” (y) (conversations may erupt about linear
vs nonlinear). Students must ensure that the horizontal distance between the edges of the
cardboard layers matches the map’s scale. Students label each cardboard layer with its elevation
and the calculated slope of that specific layer. This ensures the math is visible on the final
product.

1. Steep Slope (m > 1): Cardboard edges are nearly on top of each other.
2. Gentle Slope (m ~ 0): Cardboard edges are spread far apart.

Students identify the highest points where the “rise” (y) stops going up and begins going down
(the peak or “zero slope” point), where the rate of change goes from positive to negative.
Students mark this ridgeline with a designated color to show the watershed boundary.

Evaluate

Before students begin the extension and commence building their 3D models of a
watershed, they will be given a copy of the rubric provided in Appendix G to help guide their
work. During this lesson, the teacher will visit groups around the room while students are
discussing. The teacher should be asking probing questions to keep students on task and
challenge them to apply concepts as well as math vocabulary learned in previous lessons. To
promote crosstalk, the teacher should redirect some questions directed to the instructor to another
member in the lab group so that they share knowledge with one another. Each 3D model and
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group dynamics will be graded using the rubric (Appendix G). This is the culminating
summative assessment for this unit on linear and nonlinear functions, with an emphasis on rate of
change and slope.
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APPENDIX E: CHATGPT TRANSCRIPT
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Link to File: ChatGPT Transcript for Inquiry Card Discussion



https://docs.google.com/document/d/1VW8aBvDCKUjjcCfpk7NB5Lv0LLmY4LiqqS3JLq05YPs/edit?usp=sharing
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APPENDIX F: GROUP WORK RUBRIC
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Rubric - Group Work

Criterion

Problem-Solving

Math: Equations, Graphs, etc.

Speaking and Listening

Emerging

- The group identifies the main gquestion
or problem to be sohved

- The group lists at least one possible
approach or solution

- The group includes at least one relevant
equation or calculation in their work

- The group presents a basic graph or
table related to the problem

- The group presents their solution to the
class or teacher

- At least one group member speaks
during the presentation

Progressing

- The group identifies the main question
or problem to be solved

- The group lists at least two possible
approaches or solutions

- The group explains the reasoning
behind their chosen approach

= The group documents steps taken to
investigate the problem

- The group includes multiple relevant
equations or calculations

- The group presents a graph or table
that accurately represents data or
relationships

- The group explains how the math
supports their solution

- The group presents their solution to the
class or teacher

- Multiple group members contribute to
the presentation

- The group responds to at least one
guestion or comment from peers or
teacher

Excelling

- The group identifies the main guestion
or problem to be solved

- The group lists multiple possibie
approaches or solutions

- The group explains the reasoning
behind their chosen approach

= The group documents steps taken to
investigate the problem

= The group evaluates the effectiveness
of their solution and considers
alternative strategies

- The group justifies their final answer
with evidence from their investigation

- The group includes multiple relevant
equations or calculations, showing all
steps

- The group presents a graph or table
that accurately represents data or
relationships, with dear labels and units

= The group explains how the math
supports their solution

- The group uses mathematical reasoning
to justify their answer and connects their
math work to real-world implications or
applications

- The group presents their solution to the
class or teacher, with all members
participating

= The group responds thoughtfully to
questions or comments from peers or
teacher, providing evidence or
clarification

- The group asks guestions or seeks
feedback from others to improve their
work

= The group demonstrates active
listening by referencing ideas or
suggestions from peers during their
presentation or discussion

Created with Khanmigo (Kahn Academy) Rubric Generator
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APPENDIX G: PBL RUBRIC
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Rubric - PBL Collaboration

Math: Equations, Grapks, etc.

Emenging

- 'Wark ientifies the main probiem or guestian
- Project includes at least one propesed salution ar
spproach

- Wark inchudes at least one relevant equation,
calculation, or graph related to the project
- Mathematical work [s conmected to the main problem

- Project includes at least one instance of group
members sharing idess

- Wark includes a completed 30 muadel that addresses
the main guestion of prablem
- Prochact includes a basic explanstion of the salution

Progressing

- Wark the main p ar i
Mhﬁmammwm«
approach

- Project describes ressoning behind the chosen solution
or approsch

- Wark includes evidence of considering alternative
solutians.

- Wark Includes at least one relevant equation,
calnudation, or graph related 1o the peoject

- Mathematical work = connected te the main problem
- Project includes explanations of how the math
supports the solution

- Wark Inciudes correct use of mathematical notation
and abeks

mmmmwmm
in jon jeg. e,

mmmammm

- Project includes at least one instance of group

members sharing idess

Exculing

- Wark iertifies the main probiem or guestion
- Pregect includes at beast cme proposed solation or
approach

- Praject describes ressaning behind the chosen solution
or approsch

- Wark inciud e af idierirg sty i
salutions

- Project includes a comgarison of multiple solutions,
with justification for the final chaice based on evidence
of ciaka

- Work Includes at leas! one relevant equation,
caloulation, o graph related to the peoject

- Mathematical work s connected o the main problem
- Project includes explanations of how the math
supports the solution

- Work Includes comect use of mathematical notation
and labeks

- Project includes multiple representations (e g.
equations, graphs, tables) and connects them to justity
the solution

- Work includes evid that group
rticipated in discussion fe.g. mesting rotes,
sudiosvideo cips, or writhen summaries]

- Pragect includes at beast ome instance of group
membiers sharing ideas

- Project includes documentation of group members. - Project includes d ton of group ‘
respanding to each other's ideas je.g g 10 each other's idens (g, Guestions,
clarifications, or feadback] clarifcations, or feedback)

- Wark inchudes evi af group fsteni - Wark includes evid af group listmning
and incorparating feedback. and incorporating feedback

Mmm-uumufhwm
contributed 1o the final solution or

- Prochuct includies a justification for the salution

product, with af dl sbacar ot
- Wark includes a d 30 model that addresses
the main question of problems

- Presuct inchades a busic exglanation of the sokation
umm&hm
Product inchd Seart for the soluti
mmnmunmm
jans, snd possit and
mmwmm«m
applcations

Created with Khanmigo (Kahn Academy) Rubric Generator
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