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Abstract 

This curriculum project was designed to improve mathematical flexible thinking skills, with a 

focus on students with disabilities.  This is achieved through the integration of inquiry-based 

learning activities and mathematical discourse throughout each lesson.  This collection of 

lessons is not a unit, rather it is a collection of exemplar lessons which detail how to embed 

these strategies to develop students’ mathematical flexible thinking skills.  However, all lessons 

are from Alegbra I and Geometry.  Teachers can use this curriculum as it is, or as a model of 

how to support the development of flexible thinking skills for all students, including students with 

disabilities.  
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Introduction 

The Education for All Handicapped Children Act in 1975 (now known as the Individuals 

with Disabilities Education Act), transformed the way students with disabilities were taught 

across the country.  The law mandated that all students receive a Free Appropriate Public 

Education, including an education in the least restrictive environment.  As a result, students with 

disabilities slowly began transitioning into the general education classrooms.  Today, 63.4% of 

students with disabilities “spend 80 percent or more of their time in regular education classes.  

That number has more than doubled in recent decades,” (Riser-Kositsky, 2019, para. 

10).  However, in many states, approximately only 30% of students with disabilities perform at or 

above proficiency on statewide reading and mathematics assessments (Stevens et al., 

2015).  So, why does such a large achievement gap exist between students with disabilities and 

the general student population?  Students with disabilities tend to be more rigid thinkers, and 

often experience difficulty when mathematical problems do not follow the rules or sequence of 

procedures learned in class.  In essence, students with disabilities often struggle with flexible 

thinking in mathematics.   

Since the signing of the No Child Left Behind Act in 2001, there has been a significant 

shift in the way mathematics is taught in most classrooms.  With high stakes testing, and 

teacher evaluations linked to student performance, there has been an emphasis on teaching for 

procedural or instrumental learning; can students follow a procedure to generate a correct 

answer on the exam?  However, this style of teaching limits the development of mathematical 

reasoning skills and flexible thinking.  Thus, the focus of this project is to provide materials that 

can support teachers as they work to develop mathematical flexible thinking in students with 

disabilities. 
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Literature Review 

Evolution of General Education Classrooms 

 In the late 1990’s and early 2000’s, there was a significant push to hold schools and 

districts more accountable for the education of their students.  This motivated the signing of No 

Child Left Behind Act in 2001, which required states to test students yearly in grades 3-8 to 

determine their proficiency in reading and mathematics.  “This represented a fundamental 

change in educational accountability practices in the United States (US).  It involved the Federal 

Government more deeply in state educational practices and created more formal expectations 

for educational achievement,” (Stevens, et al., 2015, p. 46).  The major goal of No Child Left 

Behind was to close the achievement gaps that existed.  By using scores obtained from 

statewide testing, individual schools were evaluated based on their success in meeting this 

goal.  In response, there was a significant shift in the way mathematics was taught in most 

classrooms.  With high stakes testing, and teacher evaluations linked to student performance, 

there was an emphasis now placed on teaching for procedural or instrumental learning; could 

students follow a procedure to generate a correct answer on the exam?  However, this style of 

teaching limited the development of mathematical reasoning skills and flexible thinking. 

 In 2015, the Every Student Succeeds Act was signed and replaced the No Child Left 

Behind Act.  However, it did not eliminate the standardized testing for students in grades 3-

8.  Instead, it transferred more of the responsibility to the states rather than the federal 

government.  As a result, many of the changes in instructional practices remain in today’s 

classrooms.  "Teachers in mathematics classrooms at [the secondary] level are often faced with 

pressures to cover large amounts of material in a limited amount of time, grading systems that 

emphasize accuracy over efficiency, and a wide range of student abilities,” (Newton, et al., 

2010, p. 284).  This can be attributed to the perception that the “mastery of math is gauged, in 

schools, by the performance on a standardized assessment measure or in terms of speed,” 

(Greenstein & Baglieri, 2018, p. 137).   
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 However, this type of instruction does not align with the Common Core State Standards 

(CCSS) for Mathematics or the National Council of Teachers of Mathematics (NCTM) Standards 

that were foundational for the CCSS.  The CCSS Initiative (2012) “heavily emphasize 

conceptual understanding of ideas, mathematical modeling, pattern or structure recognition and 

use, sense making of problems, and reasoning,” (as cited in Xin, et al., 2016, p. 436).   Yet, as a 

result of high stakes testing,  “even if the Common Core increasingly emphasizes problem 

solving, special educators are still likely to aim to teach strategies that get the learner to the 

endgame of using a procedural, explicitly taught strategy to get there,” (Greenstein & Baglieri, 

2018, p. 137). 

 Students with Disabilities and Rigid Thinking 

 Students with disabilities tend to be more rigid thinkers, and experience difficulty 

deviating from learned procedures, or modifying and applying these learned procedures to new, 

novel problems.  As a result, cognitive flexibility, especially in students with ASD, “is significantly 

weaker than that of their typically developing peers,” (D’Cruz et al., 2013, as cited in Cox & 

Root, 2020, p. 140).  Schafer, Whitby and Mancil (2009) discuss research which shows that 

students with ASD who have average to above average intelligence, exhibit strengths in rote 

skills and procedures, in comparison to involved and abstract tasks (as cited in Cox & Root, 

2020, p. 139).  Deficits in working with abstract tasks and cognitive flexibility leads to difficulty in 

mathematical skills such as reasoning and problem solving.  This is supported by state testing 

results in which “currently many states report that over 70% of SWDs perform below proficiency 

on annual statewide reading and mathematics tests,” (Stevens et al., 2015, p. 46).   

 Definition of Conceptual and Procedural Understanding 

 Recently, there has been much debate regarding how to define conceptual and 

procedural understanding, and the benefits of classifying particular subsets of knowledge within 

these categories, as some argue there is overlap between the two.  Conceptual knowledge as 
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defined by Hiebert and Lefevre (1986) is “knowledge that is rich in relationships.  It can be 

thought of as a connected web of knowledge, a network in which the linking relationships are as 

prominent as the discrete pieces of information,” (p. 3).  In other words, Hiebert and Lefevre’s 

(1986) definition focuses on the connections made between concepts, and the quality of 

knowledge.  It goes beyond one’s individual knowledge of a concept, to include their 

understanding of how the concept(s) are related or connected to others.  However, Star claims 

that mathematics educators who employ this definition “implicitly refer only to a particular subset 

of conceptual knowledge: that which is richly connected or deep,” (Star, 2005, p. 407). 

 Procedural knowledge has been a much more controversial topic.  Some researchers 

believe that procedural knowledge is mainly the ability to apply a procedure correctly, while 

others argue that in order to achieve procedural fluency, one must have some level of 

conceptual understanding.  Hiebert and Lefevre (1986) defined procedural understanding as 

two types of procedural knowledge.  “One kind of procedural knowledge is familiarity with the 

individual symbols of the system and with the syntactic conventions for acceptable 

configurations of symbols.  The second kind of procedural knowledge consists of rules or 

procedures for solving mathematical problems,” (p. 7).   

 According to Star, Hiebert and Lefevre’s (1986) definition of procedural knowledge is 

based off the idea and use of algorithms.  Star summarizes Hiebert and Lefevre’s (1986) 

definition as “knowledge of procedures: knowledge of the syntax, steps, conventions, and rules 

for manipulating symbols,” (Star, 2005, p. 407).  From this it seems that procedural knowledge 

does not require a deep understanding of concepts, but superficial knowledge; an 

understanding of the order of procedures and steps.  Star (2005) presents procedural 

knowledge as knowing the order of steps to implement.  In fact, with solving algorithms, “if one 

executes the procedure’s steps in a predetermined order and without error, one is guaranteed to 

reach the problem’s solution,” (Star, 2005, p. 407).  Star acknowledges that “procedural 

knowledge is often conceived of and measured in ways that are consistent with rote 
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memorization…[yet] procedural knowledge can also be deep, as it must be in order to flexibly 

apply solution methods,” (Newton et al., 2010, p. 282).  However, Cox and Root’s (2020) 

summary of Rittle-Johnson and Schneider’s definition of procedural understanding, is possibly 

the most succinct and complete description.  They describe procedural understanding as “the 

ability to both know which procedure to follow and complete the appropriate steps to arrive at 

the correct answer,” (Cox & Root, 2020, p. 140).  While researchers continue to debate how to 

define conceptual and procedural understanding, it remains quite clear that "students who are 

successful in mathematics courses have procedural skills, a conceptual knowledge of 

mathematical concepts, and the ability to use procedural flexibility when solving mathematics 

problems." (Cox & Root, 2020, p. 140). 

 Flexible Thinking 

 Flexible thinking is an integral component of success in the mathematics 

classroom.  The National Advisory Panel states that “the ability to flexibly solve problems is 

considered an important outcome for school mathematics,” (Newton et al., 2010, p. 283).  And 

while the idea of flexible thinking is not new, there remains some discussion on where it fits 

within the conceptual and procedural understanding framework.  Newton and colleagues (2010) 

however, believe that flexibility is a result of the “merging of both procedural and conceptual 

knowledge,” (p. 283).  Rittle-Johnson (2017) supports this claim stating, ”both types of 

knowledge promote procedural flexibility, which is knowing more than one type of procedure for 

solving a particular type of problem, and applying them adaptively to a range of situations,” (p. 

184). 

 "Various studies have shown that creativity is a domain-specific ability, beginning with 

Hudon’s Contrary Imaginations (1966),” (Chen, et al., 2016, p. 247).  This means that creativity 

in one area does not necessarily translate to the field of mathematics.  Instead, students must 

develop their mathematical creativity and flexible thinking skills.  "Experts in mathematical 

creativity typically conceive mathematical creativity as the ability to conjure novel problem 



9 
 

solving methods for tackling mathematical problems,” (Chen et al., 2016, p. 248), including 

Balka (1974) who relates mathematical creativity to thinking outside the box, and using 

innovative or unconventional methods to solve unfamiliar problems (as cited in Chen et al., 

2016).  Flexible thinking is the ability to recognize and use non standard procedures or 

techniques to solve a problem more efficiently.  As Star states, “a more flexible solver - one with 

deep knowledge of procedures - can navigate his or her way through this procedural domain, 

using techniques other than ones that are over-practiced, to produce solutions that best match 

problem conditions or solving goals,” (Star, 2005, p. 409).  "Greater conceptual and procedural 

knowledge is also related to greater procedural flexibility, and evidence suggests that 

conceptual and procedural knowledge support the development of procedural flexibility," (Rittle-

Johnson, 2017, p. 186).  Procedural flexibility is the ability to recognize the many methods 

available for solving a solution, and the capacity to apply a procedure in multiple contexts, (Cox 

& Root, 2020).  As such, it is very important for students to be exposed to alternate ways of 

thinking, and multiple methods for solving problems if they are to develop mathematical 

flexibility.  The study conducted by Newton and colleagues (2010), supports this claim as their 

results indicated “being overly practiced with one particular method for a problem type actually 

inhibited flexibility with that type,” (Newton et al., 2010, p. 300).  In fact, 

low achieving students may be particularly appreciative and excited about a focus on 

multiple strategies.  Knowing more than one way to solve a problem may enable them to 

choose a method that maximizes the accuracy of their solution and/or that is most clear or 

understandable to them (Newton et al., 2010, p. 303). 

 How to Promote Flexible Thinking 

 Based on both Rittle-Johnson's (2017), and Newton and colleagues’ claim that 

mathematical flexibility is the result of strong conceptual and procedural understanding, then 

mathematics educators must find ways to integrate activities that promote both conceptual and 

procedural understanding.  Conceptual understanding is deeply tied to large ideas required in 
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mathematical problem solving and students must rely on their web of knowledge to make such 

connections.  Greenstein & Baglieri (2018) described the relationship between conceptual 

understanding and mathematical problem solving as:  

if you construct your own understanding and you build these related ideas, that 

prepares you for problem solving.  Problem solving is when you don’t know 

immediately how to get the answer, but you have the knowledge you need to 

construct a path to get to a solution.  You can search that network of ideas to 

draw on what you think is related to the problem.  You connect those ideas to 

solve the problem, and that connection is learning (p. 136). 

In addition, mathematical flexibility relies on students’ familiarity with multiple procedures and 

fluency to correctly apply and use them (Newton et al., 2010).  We know if students understand 

the concepts but are weak in procedural fluency then they will integrate errors in their problem 

solving (Wade, Sonnert, Sadler, Hazari, 2017).  Russell (1999) referred to such errors, if they 

are on the path to learning, as flawed reasoning, as they can guide the learning to the correct 

answer eventually (Russell, 1999).  Students are capable of learning multiple methods for 

solving problems at once, however, it takes more time for them to implement and use these 

methods regularly in place of their preferred method (Blöte et al., (2001); Star (2005); Rittle-

Johnson (2008);  Newton et al., 2010, p. 283).  As a result, students may need to be 

encouraged to continue using alternative methods in order to demonstrate their understanding 

and continue to develop their mathematical flexibility, (Newton et al., 2010).  This aligns with 

Star & Rittle-Johnson’s (2008) findings, in which “prompting students to solve problems in more 

than one way was most effective for increasing students’ use of multiple methods,” (as cited in 

Newton et al., 2010, p. 284).  It has been shown that by emphasizing flexibility from the 

beginning that students can develop procedural skills and “sustain a higher level of flexible 

problem solving,” (Klein, Beishuizen, & Treffers, 1998, p. 461) than their peers.  “Students who 

learned flexibility and skill simultaneously outperformed those who focused first on skill alone,” 
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(Newton et al., 2010, p. 284).  Thus, it is critical that mathematics educators introduce students 

to multiple methods of solving problems, emphasizing flexibility from the onset.  When teachers 

provide opportunities for students to select and apply appropriate strategies across multiple 

mathematical domains, and explain their rationale behind selections, then they also support 

students developing flexible thinking (Cox & Root, 2020, p. 140). 

 Inquiry Based Instruction 

 Inquiry based instruction has been shown to promote flexible thinking.  Xin et al., (2016) 

stated that “all students, including those with disabilities and those at risk, should receive a 

balance of teacher-directed, explicit instruction and student-centered, inquiry-based instruction." 

(p. 436).  Inquiry based instruction supports the development of conceptual understanding as “it 

includes the purposeful and strategic integration of specific mathematical skills and concepts 

into the process that students follow to reach their conclusions,” (Krawec & Steinberg, 2019, p. 

28).  The science fields have shown some success with the inquiry based approach for students 

with learning disabilities (Therrien et al., 2011).  However, research has shown that there is still 

a need for explicit and procedural instruction.  It has been shown that  students with disabilities 

benefit from five instructional attributes: emphasis on large ideas, hands-on activities or 

concrete experiences, formative feedback, behavioral supports to maintain engagement, and 

review of key ideas and vocabulary (Therrien et al., 2011).  Inquiry based instruction also 

supports mathematical discourse.  

Classroom Discourse 

 D’Ambrosio (1995) presented that “effective mathematics instruction should be geared 

toward students’ developing mathematical awareness, independence, and personally 

constructed ideas,” (as cited in Kilic et al., 2010, p. 351).  Effective instruction goes beyond just 

procedural instruction and rote memorization, rather it should push students to utilize critical 

thinking and reasoning skills, as well as effective communication skills.  This type of instruction 
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places significance on students’ “ability to communicate their mathematical ideas through 

multiple mediums with a specific focus on mathematical discourse,” (Kilic et al., 2010, p. 351). 

 The Professional Standards for Teaching Mathematics (NCTM 1991) describes 

discourse in the mathematics classroom as “characterized by ways of representing, thinking 

about, and talking about mathematical concepts and is considered essential to students’ 

mathematical learning,” (Kilic et al., 2010, p. 356).  Essentially, discourse is meaningful 

discussion in the mathematics classroom which strengthens student understanding through 

students’ own construction of meaning, while developing mathematical reasoning and 

communication skills.  To facilitate meaningful discourse in the classroom, teachers may require 

students to “to provide explanations and justify responses as they engage with meaningful 

mathematical tasks,” (Kilic et al., 2010, p. 351).  For this to happen, students must be supported 

as they learn to articulate clearly using the mathematical language.  This requires an intentional 

focus on mathematical terms, definitions, vocabulary, functions, reasoning, and conceptual 

understanding (Wade, Sonnert, Sadler & Hazari, 2017).  All of this merge towards what we refer 

to as mathematical literacy, which can be suppoted by mathematical discourse.  Additionally, 

hooking prior knowledge to current instruction can have a significant influence on the quality of 

the discourse.  As such, “it is important that students be given opportunities to make 

conjectures, share their own ideas, and hear those of others as a way to make sense of 

mathematics,” (Kilic et al., 2010, p. 351). 

 Pierson (2008) focused on the interactions between students and teachers during 

classroom discourse and the impact exchanges had on student learning outcomes (Xin et al., 

2016).  The results of Pierson’s study was that the teacher’s role in classroom discourse and the 

direct impact on student learning and achievement was confirmed (Xin et al., 2016).  “Teacher 

facilitation can derail or bring premature closure to students’ talk and thinking, or it can promote 

further discussion and extend reasoning by students,” (Kilic et al., 2010, p. 351).  Cultivating a 

classroom atmosphere that encourages mathematical discourse takes intentional work, but 
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ultimately the benefits indicated increased student understanding.  Developing this culture 

begins with allowing students to share their own ideas and drive the classroom discussion.  This 

not only opens the door for meaningful discourse, but it also gives students the opportunity to 

develop their mathematical communication skills.  When students share their own ideas, they 

are able to create meaning, and also have the chance to receive valuable feedback from both 

their teacher and peers.  Incorporating more opportunities for students to share their own ideas 

will require students to utilize their mathematical reasoning skills, and foster a culture of self 

discovery and collaboration.  Exposing students to alternative ways of thinking and problem 

solving further develops their web of knowledge and may increase the connections made 

between various mathematical concepts and topics.  This in turn, will assist students in solving 

future problems as they learn new ways to attack problems and alternative ways of thinking, 

which may be translated to future problems.  

 A final way to facilitate classroom discourse is through activities which utilize reasoning 

skills.  Activities such as these, help maintain student engagement in learning tasks as they are 

forced to think and apply their knowledge in various ways, rather than just solving problems 

from rote memorization.  Developing and applying reasoning skills to problems leads to 

meaningful discourse as students are tasked with solving difficult problems.  In their search for 

the solution, they have the opportunity to discuss their ideas, theories, and knowledge with one 

another to focus their thinking, and find the most efficient way to solve the problem.  This allows 

for continued development of communication skills as students must explain and justify their 

solution and procedure.  

Curriculum Design 

 These lessons were designed to support the development mathematical flexible thinking 

in students, specifcally in students with disabilities.  These lessons are not part of a full unit, 

rather they are a compilation of lessons from the Algebra I and Geometry classrooms which 

utilize inquiry based learning activities and classroom discourse to facilitate the development of 
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conceptual understanding which leads to mathematical flexible thinking skills.  These lessons 

are exemplars modeling how to develop lessons in a way which promote mathematical 

discourse and student construction of knowledge. 

The theoretical perspectives of Constructivist Theory and “Sociomathematical Norms, 

Argumentation, and Autonomy in Mathematics,” guided the generation of the materials (Yackel 

& Cobb, 1996).  The Constructivist Theory encourages students to explore and discover 

concepts on their own.  Through self-discovery, students can use their prior knowledge to 

connect with new material and construct their own meaning and understanding.  The lessons 

were designed for students to have time to problem solve together, in groups or whole class 

instruction, with teacher guided questioning to support students making connections to prior 

knowledge.  It is during questioning that teachers can fill in gaps of knowledge as needed.  As 

Yackel and Cobb (1996) stated, “one of the teacher’s roles in an inquiry based classroom is to 

facilitate mathematical discussions,” (p. 466).  Such mathematical discussions provide teachers 

with valuable insight regarding student understanding.  They also provide students multiple 

opportunities to share their ideas and work together to further develop their understanding.  

Keys to all instructural materials are included in the appendix. 
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Lesson #1 - Introduction to Systems of Linear Equations (Algebra I) 

The purpose of this lesson is to introduce students to Systems of Linear Equations in a 

way that promotes mathematical flexible thinking and encourages students to make connections 

to prior knowledge.  Through the use of inquiry based learning and classroom discourse, 

students have the opportunity to explore and make sense of the concept on their own before 

working together as a class to formalize the definition and procedure of the new concept.   

Beginning the lesson with the short pre-assessment allows students to activate their 

prior knowledge and identifies any gaps in knowledge that may potentially need to be addressed 

throughout the lesson and unit.  Once students have completed the pre-assessment, the 

teacher should briefly introduce the new unit before playing the video for students.  The video 

features Jon Scheyer (current Duke Men’s Basketball Associate Head Coach and 2010 National 

Champion) during a high school basketball game.  During this game, Scheyer rose to fame, 

scoring 21 points in 75 seconds in an effort to keep his team from losing in the tournament 

championship.  This “dramatic” video excites the students, and allows them to discuss how we 

might write two equations to solve for the number of 2 and 3 point field goals (FGs) (baskets) 

made.  As students collaborate to problem solve, they can develop procedures to work towards 

a solution.  In so doing, they are engaging in critical thinking, adapting and applying previous 

knowledge in new and novel ways, and generating their own connections and understanding. 

This activity culminates with a class discussion where students share their ideas and 

reasoning.  Students should drive the discussion with the teacher acting as a facilitator.  In this 

way, the teacher may ask students to expand on their thinking when necessary, and ask 

probing questions to guide student thinking and learning.  At the end of the lesson, the teacher 

should synthesize and summarize the information to fill in gaps as needed.   

This lesson ends with an Exit Ticket activity where students are asked to apply their 

learning by solving a System of Linear Equations utilizing their graphing calculator.   
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Rationale: Describe the central focus and purpose of the content you will teach. 

Central 
Focus for 
Lesson:      

 
I can solve a system of linear equations. 

Standards 
for this 
lesson: 

A-CED.A.2: Create equations in two or more variables to represent 
relationships between quantities; graph equations on coordinate axes with 
labels and scales. 
 
A-REI.6 6. Solve systems of linear equations exactly and approximately (e.g., 
with graphs), focusing on pairs of linear equations in two variables.  

Learning 
Objectives: 

The Student will be able to….. 
I can solve a system of linear equations graphically by determining the 
intersection point. 

Instructional Resources and Materials:                                                   

Provide a 
copy of 
materials for 
teachers, 
including a 
key.  
 
Provide a 
copy of 
materials for 
students.    

Materials for Teacher: 
Pre-assessment, Jon Scheyer video 
(https://www.youtube.com/watch?v=SEjogKE7voY), notes sheet, graph paper, 
ruler, graphing calculator, pens, elmo, computer 

Materials for Student: 
Pre-assessment, graph 
paper, notes sheet, ruler, 
graphing calculator, 
pencil 

Modifications: 
All materials accessible on computer, uploaded copy 
of final notes available, graphing calculators available 
and use of Desmos permitted 

Technology Needs: 
Computer, elmo, 
graphing calculator 

Modifications: 
None 
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Lesson Part Activity description/Teacher does  

 

Students do 

   

Pre- 
Assessment 

Formal Assessment: 
The teacher will have students complete a short pre-
assessment which will include questions that are aligned with 
the central focus of the unit, and learning objectives.  The pre-
assessment will measure students’ prior knowledge of 
mathematical concepts, operations, and vocabulary terms.  
This pre-assessment will help the teacher identify gaps in 
knowledge, and any common misunderstandings.  The 
quantitative and qualitative data will allow the teacher to adjust 
instruction during the unit to meet the needs of the students. 
 
The pre-assessment will also include the opportunity to 
measure student voice, as students will be asked to explain 
what they feel their strengths and areas of improvement are.   

Students will complete a 
short pre-assessment 
which will measure their 
prior knowledge of 
mathematical concepts, 
operations, and vocabulary 
terms in relation to the 
central focus and learning 
objectives of the unit. 
 
Students will complete a 
section which requires 
them to assess and explain 
their strengths and areas 
of improvement. 

Introduction 
and Class 
Objective 

The teacher will begin the lesson by discussing the pre-
assessment and how the concepts and terms directly relate to 
the day’s lesson and the unit’s central focus. 
 
The teacher will ask students to share what types of 
mathematical problems they were asked to solve on the pre-
assessment, and what steps or procedures they needed to 
remember and use to find the answer. 
 
The teacher will then give a brief overview of the unit, discuss 
the class objective for the day, and explain how this relates to 
our previous knowledge.  The teacher will then review the 
schedule for the class period. 

Students volunteer and 
share their answers and 
prior knowledge. 

Class Activity The teacher will play the Jon Scheyer video. 
https://www.youtube.com/watch?v=SEjogKE7voY 

 
When the video is complete, the teacher will hand out the 
Notes Sheet.  Students will be given 7-10 minutes to work 
together to determine a way to solve the problem.   
 
The teacher will bring the class back together and ask students 
to share what they have come up with.  As students share, the 
teacher will ask leading questions and work through the 
problem with the class.  The teacher will model how to define 
the variables, write the system of equations, graph the lines, 
and determine the solution. 

Students will watch the 
video. 
 
Students will work together 
to discuss the problem and 
determine steps to find a 
solution. 
 
Students will volunteer to 
share their ideas and what 
they discussed with their 
groups or partner. 
 

Direct 
Instruction 

The teacher will lead the class through how to solve the 
problem utilizing their graphing calculators.  The teacher will 
use the Elmo to show students how to input the equations and 
use the trace feature to identify the solution. 

Students will use their 
graphing calculator to 
follow along step by step. 
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Informal 
Assessment 

Exit Ticket: 
Students will be asked to complete an Exit Ticket which they 
will submit to the teacher on the way out the door. 

Students will set up the 
system of linear equations 
and solve using their 
graphing calculator.  
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Pre-Assessment 

 

1. Rewrite the following equations in y = mx+b form: 
 

a. 5x = y + 2                              b.   2y + 3x = -8                              c.    
1
6

x = 
3

+ 2 
 
 
 
 
 
 
 
 
2. Identify the slope and the y-intercept of the following equations: 

 
a. y = 3x + 4 Slope: ________ y-intercept: ________ 

 

b. y = 
2
5

x - 7 Slope: ________ y-intercept: ________ 
 

c. y = -6x + 
1
2

 Slope: ________ y-intercept: ________ 
 
 

3. Graph the equation 2y + 3x = -8.   
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4. Are the following points a solution for the equation y = 
1
2

x + 4, and why: 
 

a. (6,7) 
 
 
 
 
 
 
 
 
 
 

b. (1,3) 
 
 
 
 
 
 
 
 
 
 

5. Use the graph to the right to answer the following questions: 
 

a. Which line(s) have a negative slope? 
 
 
 
 
 

b. Which line(s) have a positive y-
intercept? 
 
 
 
 
 

c. Which line has the largest positive slope? 
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Systems of Linear Equations – Solving Graphically  Name:______________ 
 
PARTNER PROBLEM – How many 2 point FG’s (baskets) and 3 point FG’s (baskets) 
did Scheyer score in the last 75 seconds of the game? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
NOTES 
 

What information do we have? Can we rewrite into an equation? 
 
 
 
 

 

 
 
 
 
 
 

Convert to y = mx + b form 
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SOLVE GRAPHICALLY: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
THE SOLUTION IS WHERE BOTH LINEAR EQUATIONS INTERSECT!! 
 
Point of intersection: (     ,     ) 
 
Check: 
 
 
 
 
 
 
 
 
 
PROCEDURE FOR SOLVING SYSTEMS OF EQUATIONS GRAPHICALLY: 
 
1.  ___________________________________________________________ 
 
2.  ___________________________________________________________ 
 
3.  ___________________________________________________________ 
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EXIT TICKET     Name________________________ 
 
In his Duke career, Scheyer made 586 FG’s (baskets) and scored 1469 points from 

FG’s (baskets).  How many career 2 point FG’s (baskets) and 3 point FG’s 
(baskets) did he make? 

 
Write your equations and check your answer (use your graphing calculator to 

determine the solution) 
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Lesson #2 - Introduction to Exponetial Functions (Algebra I) 

The purpose of this lesson is to introduce exponential functions and allow students the 

opportunity to explore the similarities and differences between a linear function and exponential 

function.  During this lesson, students will engage with a Desmos actvity designed to activate 

student prior knowledge regarding linear functions and make predictions about exponential 

functions.  The Desmos activity asks students to work through a real world scenario involving 

the investment of money.  Students will engage with multiple representations to make 

predictions and compare and contrast the two options.  This activity allows students to develop 

a deeper understanding of exponential functions through the use of inquiry based learning and 

connecting to real world experiences.  In addition, this activity develops mathematical flexible 

thinking through the use of multiple representations and student construction of knowledge.   

This activity culminates with a class discussion where students share their findings and 

identify the similarities and differences they discovered.  During this time, the students guide the 

discussion as the teacher summarizes and synthesizes their findings on the notes sheet.  At the 

end of the lesson, the students will have the opportunity to demonstrate their understanding of 

the lesson obejective by completing a Check for Understanding. 

 

 

 

 

 

 

 

 

 



25 
 

Rationale: Describe the central focus and purpose of the content you will teach. 

Central 
Focus for 
Lesson:      

 
I can create equations, tables, and graphs to model exponential growth or 
decay. 
 

Standards 
for this 
lesson: 

F-LE.1. Distinguish between situations that can be modeled with linear functions 
and with exponential functions. 
     a. Prove that linear functions grow by equal differences over equal intervals, 

and that exponential functions grow by equal factors over equal intervals. 

Learning 
Objectives: 

The Student will be able to….. 
I can identify exponential growth from a table or graph. 
 

Instructional Resources and Materials:                                                   

Provide a 
copy of 
materials for 
teachers, 
including a 
key.  
 
Provide a 
copy of 
materials for 
students.    

Materials for Teacher: 
Notes sheet, Desmos activity 
(https://teacher.desmos.com/activitybuilder/custom/6092ad2c57c8a60457bbf23
3), graphing calculator, pens, elmo, computer 

Materials for Student: 
Notes sheet, computer, 
graphing calculator, 
pencil 

Modifications: 
Post completed lesson notes after class, guided note 
taking format, notes can be taken on device 

Technology Needs: 
Computer, elmo, 
graphing calculator 

Modifications: 
None 
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Lesson Part Activity description/Teacher does  

 

Students do 

   

Introduction 
and Class 
Objective 

The teacher will then give a brief overview of the unit, discuss 
the class objective for the day, and explain how this relates to 
our previous knowledge.  The teacher will then review the 
schedule for the class period. 

 

Class Activity The teacher will ask students to take out their computers and 
login to the Desmos activity. 
https://teacher.desmos.com/activitybuilder/custom/6092ad2c57
c8a60457bbf233 
 

As students are working through the activity, the teacher will 
walk around the room, asking students questions, and checking 
their progress. 
 
The teacher will bring the class back together and ask students 
to share what they have discovered, and the relationships and 
connections they have identified  As students share, the 
teacher will ask probing questions to ensure that students have 
a strong understanding of the material, and have made 
connections to prior knowledge. 

Students will take out their 
computers, login to 
Desmos and complete the 
activity independently. 
 

Direct 
Instruction 

The teacher will complete the remainder of the Notes Sheet 
synthesizing student findings and formally defining exponential 
functions and the components of the equation and what they 
represent. 
 
The teacher will model how to complete three example 
problems.  As each example is completed, students will be 
asked to find the similarities and differences between the 
examples and identify the reasons for these similarities and 
differences. 

Students will follow along 
and fill out Notes Sheet, 
completing example 
problems independently as 
prompted. 
 
Students will share 
similarities and differences 
between the example 
problems as prompted. 

Informal 
Assessment 

Students will be asked to complete the Check for 
Understanding at the end of their Notes Sheet. 

Students will complete the 
Check for Understanding. 
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Algebra I       Name:___________________ 
Exponential Functions – Graphing Exponential Functions  
 
ACTIVATE PRIOR KNOWLEDGE: 
 
How do we identify a linear function? 
 
 
 
What are the components of a linear equation? 
 
 
 
 
PROBLEM 1 
 

Months Option B 
1 $1 
2 $2 
3 $4 
4 $8 
5 $16 
6 $32 

 
 
Graph the information from the table: 
 
 
 
 
 

Does the data from the table  
follow a linear pattern? 
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An exponential function is expressed in the form f(x) = a · bx , where a represents the  
y – intercept, and b represents the growth/decay factor 
 
 
PROBLEM 2 – Graph the following functions and identify any similarities or differences 
 
1. f(x) = 2x 
 

 
 
 
 
 
 
 
 

 
 
 
 
 

2. f(x) = (
1
2
)x 

 

 

 
 
 
 
 
 
 
 

 
 
 
 

x f(x) 
-2  
-1  
0  
1  
2  
3  
4  

x f(x) 
-4  
-3  
-2  
-1  
0  
1  
2  
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3. f(x) = 4(2)x 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
CHECK FOR UNDERSTANDING 
 
1. Write the equation of the exponential function from the chart below. 
 
 

 
 
 
 
 

 
 
2. Write the equation of the exponential function from the chart below. 
 

 
 

 

 

 

x f(x) 
-2  
-1  
0  
1  
2  
3  
4  

x f(x) 
0 1 
1 5 
2 25 
3 125 

x f(x) 
-1 4/3 
0 4 
1 12 
2 36 
3 108 
4 324 
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Lesson #3 - Introduction to Trig Ratios (Geometry) 

The purpose of this lesson is to introduce trigonometric (trig) ratios and allow students 

the opportunity to derive the three trig functions (sine, cosine, and tangent) through an inquiry 

based learning activity.  The Desmos activity allows students to develop a deeper 

understanding of trig ratios and their origins, and identify connections between the angle 

measure and the ratios, and their previous unit of Similarity. 

The Desmos activity develops mathematical flexible thinking skills as students work 

through identifying the relationships between the reference angle and three sides of the triangle, 

as well as the relationship between the cofunctions.  This type of inquiry based learning 

encourages students to create their own connections to prior knowledge and strengthens their 

conceptual understanding as they derive the ratios and learn where they originate from. 

This activity culminates with a class discussion where students share the relationships 

and connections they have identified while completing the Desmos activity.  During this time, the 

students guide the discussion as the teacher summarizes and synthesizes their findings on the 

notes sheet.  At the end of the lesson, the students have two additional opportunities to 

demonstrate their understanding and mastery of the concepts in the Check for Understanding 

and the final Desmos slide where students are asked to summarize their learning and share 

how they will remember the trig functions. 
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Rationale: Describe the central focus and purpose of the content you will teach. 

Central 
Focus for 
Lesson:      

 
I can use trig ratios to solve for missing side lengths and angle measures. 
 

Standards 
for this 
lesson: 

G-SRT.6. Understand that by similarity, side ratios in right triangles are 
properties of the angles in the triangle, leading to definitions of trigonometric 
ratios for acute angles. 

Learning 
Objectives: 

The Student will be able to….. 
When given a right triangle, I can determine the trig ratios of the acute angles. 
 

Instructional Resources and Materials:                                                   

Provide a 
copy of 
materials for 
teachers, 
including a 
key.  
 
Provide a 
copy of 
materials for 
students.    

Materials for Teacher: 
Notes sheet, Desmos activity 
(https://teacher.desmos.com/activitybuilder/custom/604d6f535d0ee30baaea441
5?collections=604d6caeee00300c78e361b0), graphing calculator, pens, elmo, 
computer 

Materials for Student: 
Notes sheet, computer, 
graphing calculator, 
pencil 

Modifications: 
Post completed lesson notes after class, guided note 
taking format, notes can be taken on device 

Technology Needs: 
Computer, elmo, 
graphing calculator 

Modifications: 
None 
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Lesson Part Activity description/Teacher does  

 

Students do 

   

Introduction 
and Class 
Objective 

The teacher will then give a brief overview of the unit, discuss 
the class objective for the day, and explain how this relates to 
our previous knowledge.  The teacher will then review the 
schedule for the class period. 

 

Vocabulary 
Instruction 

The teacher will introduce new topic and complete first page of 
notes with students, defining key vocabulary for the unit.  
 
The teacher will model how use the reference angle to identify 
the sides as opposite, adjacent, and hypotenuse on 1-2 of the 
triangles.  The teacher will aske students to complete the last 
2-3 on their own, while the teacher walks through the 
classroom assessing student understanding.  Students will 
need to be able to correctly label the three sides of a triangle 
when completing the Desmos activity. 

Students will complete 
Notes Sheet along with 
teacher. 
 
Students will label the 
sides of the remaining 
triangles In Problem 1 of 
the Notes Sheet. 

Class Activity The teacher will ask students to take out their computers and 
login to the Desmos activity. 
https://teacher.desmos.com/activitybuilder/custom/604d6f535d
0ee30baaea4415?collections=604d6caeee00300c78e361b0 
 
As students are working through the activity, the teacher will 
walk around the room, asking students questions, and checking 
their progress. 
 
The teacher will bring the class back together and ask students 
to share what they have discovered, and the relationships and 
connections they have identified  As students share, the 
teacher will ask probing questions to ensure that students have 
a strong understanding of the material, and have made 
connections to prior knowledge. 

Students will take out their 
computers, login to 
Desmos and complete the 
activity independently. 
 

Direct 
Instruction 

The teacher will complete the remainder of the Notes Sheet 
synthesizing student findings and bridging any existing gaps in 
knowledge.   
 
The teacher will model how to complete each problem by 
solving 1-2 examples before having students complete the 
remaining independently.  While students complete, the 
teacher will walk through the room checking answers. 

Students will follow along 
and fill out Notes Sheet, 
completing example 
problems independently as 
prompted. 

Informal 
Assessment 

Students will be asked to complete the Check for 
Understanding at the end of their Notes Sheet and to 
summarize the concepts from the day’s lesson and how they 
will remember the trig functions on the last slide of the Desmos 
activity. 

Students will complete the 
Check for Understanding 
and the final slide of the 
Desmos activity. 
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Trigonometry –Intro to Trig Ratios    Name:__________________ 
 
Vocabulary: 
 Reference angle:______________________________________________________ 
 

Theta (θ):___________________________________________________________ 
 
 Hypotenuse (H):_______________________________________________________ 

 
Opposite side (O):_____________________________________________________ 

 
 Adjacent side (A):_____________________________________________________ 
 
 
 
PROBLEM 1: 
In the following diagrams, label the sides O, A, and H, to show which sides are 

opposite θ, adjacent to θ, and the hypotenuse. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

θ 

θ 

θ 
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TRIGONOMETRY RATIOS:  
 

The Sine Ratio (sin) The Cosine Ratio (cos) The Tangent Ratio (tan) 

sin Opposite
Hypotenuse

 =  cos Adjacent
Hypotenuse

 =  tan Opposite
Adjacent

 =  

 
Ways to remember… 
 
 
 
 
 
 
PROBLEM 2: Finding Trigonometric Ratios 
 
Write each trig ratio as a fraction and as a decimal rounded to the nearest 

hundredth 
 
Before you start, label each side of the triangle using the reference angle 
 
 
 
1. tan R    4. cos S 
 
 
 
 
 
2. sin R    5. tan S 
 
 
 
 
 
3. cos R    6. sin S 
 
 
Are any of the ratios above equal to each other?  Why is that happening? 

12 
S 

T 

R 

5 

13 
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x

21 cm

28°

x

11 cm 41°

x

8 cm
50°

x

6 cm

33°

PROBLEM 3: 
 

Based on the information given AND which side is labeled x decide which 
trigonometric ratio would be used.   

 
1.        2.   
 
 
 
 
 
 
 
 
 
3.       4.  
 
 
 
 
 
 
 
 
 
 
PROBLEM 4: 
 
Use your calculator to find each trigo ratio.  Round to the nearest hundredth. 
BE SURE THE CALCULATOR IS IN DEGREE MODE FIRST!! 
 
1. sin 28o   2. tan 41o   3. cos 33o 
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B
C

A

4

3
5

CHECK FOR UNDERSTANDING: 
 
Find the value of each trig ratio as a fraction 
 
sin B =   tan A = 
 
 
tan B =   sin A = 
 
 
cos B =   cos A = 
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Lesson #4 – Midsegment Theorem (Geometry) 

The purpose of this lesson is for students to formulate the equations for the midsegment 

of a triangle and trapezoid by identifying the patterns and relationships that exist between the 

midegment legths and the bases.  This lesson relies significantly on learning through inquiry 

based activities and classroom discourse. The Geogebra activity allows students to explore 

independently as they enage with multiple examples of triangles and trapezoids.  During this 

activity, students will measure the lengths of various segments and complete a chart which will 

allow them to see emerging patterns and relationships that exist between various segments. 

The Geogebra activity develops mathematical flexible thinking skills as well as 

mathematical reasoning skills as students work through identifying the relationships between 

the various segment lengths.  In addition, this activity helps students draw connections 

beweteen their prior knowledge of midpoints and the midpoint formula.  The “Pair and Share” 

activity develops students’ mathematical discourse skills, and allows them to collaborate with 

one another in order to generate the Midsegment Theorem equation.  When students share 

their own ideas, they are able to create meaning, and also have the chance to receive valuable 

feedback from both their teacher and peers.  Through mathematical discourse, students are 

able to further develop their conceptual understanding and have the opportunity to assess 

whether their thinking aligns with their classmates before sharing with the entire class.  This 

practice aligns directly with Social Emotional Learning. 

This activity culminates with a class discussion where students share the relationships 

and connections they have identified through the Geogebra activity and “Pair and Share.”  

During this time, the students guide the discussion as the teacher summarizes and synthesizes 

their findings on the notes sheet.  At the end of the lesson, the students have two additional 

opportunities to demonstrate their understanding in the Check for Understanding and the 

Discussion Board, where students will post how they will remember the Midsgement formulas. 
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Rationale: Describe the central focus and purpose of the content you will teach. 

Central 
Focus for 
Lesson:      

 
I can describe the relationship between the midsegment and the bases of a 
triangle and trapezoid. 
 

Standards 
for this 
lesson: 

G-CO.9 Prove theorems about triangles.  Theorems include: the segment 
joining midpoints of two sides of a triangle is parallel to the third side and half 
the length. 

 Learning 
Objectives: 

The Student will be able to….. 
I can use the midsegment theorem to solve for unknown segments in triangles 
and trapezoids. 

Instructional Resources and Materials:                                                   

Provide a 
copy of 
materials for 
teachers, 
including a 
key.  
 
Provide a 
copy of 
materials for 
students.    

Materials for Teacher: 
Note sheet, computer, Geogebra Midsegment Activity 
(https://www.geogebra.org/m/jhu6vsb7), elmo, pen 
 

Materials for Student: 
Notes sheet, computer, 
graphing calculator, 
pencil 

Modifications: 
Post completed lesson notes after class, guided note 
taking format, notes can be taken on device 

Technology Needs: 
Computer, elmo, 
graphing calculator 

Modifications: 
None 
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Lesson Part Activity description/Teacher does  

 

Students do 

   

Introduction 
and Class 
Objective 

The teacher will begin the class by having students complete a 
short warmup activity.  The warmup activity is a “Pair and 
Share,” where students will find someone next to them and 
answer the following prompt: “What is a midpoint, and what are 
the various ways we can find one?” 
 
When students have completed discussing the prompt, the 
teacher will call on a couple of students to share their ideas. 
 
The teacher will then give a brief overview of the day’s lesson 
objective and review the schedule for the class period. 

Students will discuss the 
warmup activity prompt 
with a partner. 
 
Students will volunteer to 
share what they discussed 
in their groups. 

Activate Prior 
Knowledge 

The teacher will ask students to individually complete the 
Activate Prior Knowledge section at the top of their Notes 
sheet.   

Students will complete the 
Activate Prior Knowledge 
section of the Notes Sheet. 

Class Activity The teacher will ask students to take out their computers and 
login to the Geogebra activity. 
https://www.geogebra.org/m/jhu6vsb7 
 
As students are working through the activity, the teacher will 
walk around the room, asking students questions, and checking 
their progress. 
 
When students have completed the activity, the teacher will ask 
them to engage in another “Pair and Share.”  During this time, 
students will be asked to discuss any patterns or relationships 
they discovered when completing the activity, and to work 
together to generate the general equation for finding the 
midesgment length of both a traingle and trapezoid. 
 
The teacher will then bring the class back together and ask 
students to share what they have discovered, and the 
relationships and connections they have identified  As students 
share, the teacher will ask probing questions to ensure that 
students have a strong understanding of the material, and have 
made connections to prior knowledge. 

Students will take out their 
computers, login to 
Geogebra and complete 
the activity independently. 
 
Students will participate in 
the “Pair and Share,” 
working to identify patterns 
and relationships that exist 
to help generate the 
Midsegment Theorem 
equation. 
 
Students will volunteer to 
share what they discussed 
in their “”Pair and Share” 
and any connections or 
relationships they 
discovered. 

Direct 
Instruction 

The teacher will complete the remainder of the Notes Sheet 
synthesizing student findings and bridging any existing gaps in 
knowledge.   
 
The teacher will model how to complete each problem by 
solving 1-2 examples before having students complete the 
remaining independently.  While students complete, the 
teacher will walk through the room checking answers. 

Students will share their 
findings to help facilitate 
the completion of the 
Notes Sheet.  
 
Students will complete 
example problems 
independently as 
prompted. 
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Informal 
Assessment 

Students will be asked to complete the Check for 
Understanding at the end of their Notes Sheet and post to the 
discussion board how they will remember the formulas they 
discovered in today’s lesson. 

Students will complete the 
Check for Understanding 
and post on the Discussion 
Board. 
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Geometry       Name:___________________ 
Similarity – Midsegment Theorem  
 
ACTIVATE PRIOR KNOWLEDGE: 
 

1. What other topics, theorems, or equations have you learned that relate to the 
“middle?” 

 
 
 
 

2. What do you think midsegment might mean? 

 
 
 
 
 
NOTES  
 
Midsegment of a triangle:___________________________ 
 
_______________________________________________ 
 
 
 
The Midsegment will always be____________________________________________ 
 
and________________________________________________________________ 
 
 
Therefore creating____________________________________________________ 
 
with a scale factor of ______________ 
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PROBLEM 1: 
 
In the following diagram, D is the midpoint of 𝐴𝐵 and E is the midpoint of 𝐵𝐶 
 
1. If DE is 8, find AC 
 
 
 
 
 
2. If AC = 17, find DE 
 
 
 
 
 
 
 
 
 
 
NOTES  
 
Midsegment of a trapezoid:___________________________ 
 
_______________________________________________ 
 
 
 
The Midsegment will always be____________________________________________ 
 
and________________________________________________________________ 
 
 
Equation for Midsegment of a Trapezoid: 
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PROBLEM 2: 
 
Midsegment (also called midline or median) of a trapezoid: 
 
 
Solve for x 
 
1.       2 
 
 
 
 
 
 
 
 
CHECK FOR UNDERSTANDING 
 
The following diagram is of a trapezoid and its midsegment. 
 
Find the length of the trapezoid’s bases 
 
 
 
 
 
 
 
 
 
Find the value of x:  
 
 
 
 
 
 

18 

10 
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My Turn 

 Throughout my time working in a high school special education program, I observed that 

the traditional style of teaching in the mathematics classroom (teaching for procedural fluency 

rather than a combination of conceptual understanding and procedural fluency), did not work for 

many students, especially special education students who tended to be rigid thinkers.  This type 

of teaching promoted students following a certain procedure, rather than encouraging students 

to understand why these procedures worked.  As a result, many students were unable to make 

connections to prior knowledge and identify patterns and relationships that existed among 

concepts.  This left students unable to adapt and apply these procedures to new and novel 

problems.  If the problem did not follow the same exact steps as the examples in class, students 

were unable to solve them. 

 In developing this curriculum, I wanted to design lessons that focused on students 

recognizing the patterns and relationships that exist among concepts before learning 

procedures.  In strengthening conceptual understanding first, students are able to learn multiple 

prcedures or problem solving methods at a time.  In return, students learn to utilize and apply 

the most efficient procedure, and modify and adapt procedures to apply to new scenarios.   

 In order to develop conceptual understanding, I integrated inquiry-based learning 

activites and mathematical discourse throughout each lesson.  This provided students 

opportunities to work through new concepts on their own, constructing their own knoweldge, 

before working in partners or small groups to further dicuss the patterns and relationships they 

identified. 

 Students were very excited to have the opportunity to explore new concepts and make 

connections to their previous knowledge and experiences.  In addition, they enjoyed working 

together to discuss their findings and having the opportunity to ensure their thinking aligned with 

their classmates’ before sharing with the entire group.  I had one student tell me that the time he 

spent collaborating with his classmates was extremely beneficial because hearing how his 
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peers approached problems helped to clarify any misunderstandings and deepen his conceptual 

understanding.  Overall, I saw significant gains on performance with regards to the learning 

objectives for the lessons that utilized this structure. 

Conclusion 

 In conclusion, integrating opportunities for students to construct their own knowledge 

and participate in mathematical discourse further develops conceptual understanding and 

mathematical flexible thinking skills.  Students were more engaged in the lessons, and more 

willing to participate and share their findings and thought processes with the rest of the class.   

Much of the time previously devoted to direct instruction and notes was replaced with student 

driven discussion, where students provided the information and the teacher synthesized and 

summarized their contributions.  I hope other teachers can use these materiasl in their own 

classrooms to support students’ development of flexible thinking in mathematics.  
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