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GLOSSARY

Educator Preparation Program (EPP): A program of study designed to support pre-service

teachers in acquiring the skills and knowledge needed to demonstrate competency and acquire

licensure in K-12 education.

Formative Assessment: Informal assessment designed to gauge student progress toward desired

learning outcomes; takes many forms, including hands-on tasks, one-on-one or group

conversations, doodling, journaling, and written reflections, among others.

In-service Teacher: A practicing teacher in charge of his or her own classroom.

Mathematical Knowledge for Teaching (MKT): The knowledge needed to effectively teach
mathematics, including an understanding of the underlying meaning behind mathematical
procedures as well as familiarity with the various ways in which students conceptualize and

approach mathematics.

Pre-service Teacher (PST): A teacher in training enrolled in an educator preparation program.

Standards-Based Learning (SBL): Instruction and assessment characterized by ongoing

formative assessment in which teachers support students in understanding and improving their

level of performance with respect to pre-established learning outcomes.
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Standards-Based Instruction: Mathematics instruction in line with the principles of the

Association of Mathematics Teacher Educators Standards for Preparing Teachers of

Mathematics.

Student-Centered Instruction: Instruction characterized by open-ended problem solving in which

educators respond flexibly to student thinking, acting as guides for their students as they work to
make sense of the mathematics presented to them and to make connections across concepts;

foundational to Standards-based instruction.

Summative Assessment: Formal assessment designed to gauge student achievement with respect

to desired learning outcomes, typically in the form of quizzes, tests, and written papers.

Traditional Instruction and Assessment: Instruction and assessment characterized by teacher-

driven modeling in which teachers provide students with step-by-step instructions for learning

and evaluate student performance via summative assessments.
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ABSTRACT

The study examines the performance of pre-service K-8 mathematics teachers on lesson
planning assignments using the Association of Mathematics Teacher Educators (AMTE) 2017
Standards for Preparing Teachers of Mathematics as a reference for evaluation. In addition to
contributing to the literature on pre-service mathematics teachers’ pedagogical content
knowledge, the study aims to evaluate the impact of standards-based learning (SBL) on student
growth in a higher education setting, where SBL has not been widely implemented or studied. A
case study research design is utilized to identify strengths and weaknesses in planning for
mathematics instruction in a cohort of 21 PSTs enrolled in a math methods course at a small
public university, with comparisons made between first and final drafts of two lesson-planning
assignments on which PSTs received extensive instructor feedback. Interviews were also
conducted with four participants who student taught during the subsequent semester. Findings
indicated growth in performance between drafts of the lesson-planning assignments in terms of
designing student-centered math lessons but also revealed gaps in PSTs’ mathematical content
knowledge. Specifically, most PSTs lacked an ability to link procedures to their underlying
concepts, resulting in less than proficient performance on mathematics lesson planning.
Contributions of the study include the development of an AMTE-aligned tiered rubric for
evaluating both PST and mathematics teacher educator (MTE) performance in mathematics
instruction and for potential use in framing and evaluating Standards-based practicum
experiences in mathematics teacher preparation.
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CHAPTER ONE

INTRODUCTION

Background

The future mathematical success of our nation’s children is largely dependent on the
teachers of mathematics they encounter from prekindergarten to Grade 12 [...] Those
involved in preparing teachers of mathematics must ensure that all their candidates have
the knowledge, skills, and dispositions to provide all students access to meaningful
experiences with mathematics. (AMTE, 2017, xii).

Mathematical literacy is becoming increasingly vital for informed participation in
contemporary society. Algorithms and data streams pervade our lives, underpinning everything
from credit scores, to selection processes for coveted jobs and college admittances, to the posts
we see from our friends on social media (O’Neil, 2017). Despite decades of reform efforts to
improve mathematics achievement in the United States, the achievement gap between lower
performing and higher performing students remains among the highest in the world (National
Center for Educational Statistics, May 2021).

As articulated by the National Council of Teachers of Mathematics (NCTM) in its 2000
publication Principles and Standards for School Mathematics, which codified over a decade’s
worth of research aimed at improving mathematics instruction, raising achievement for all
groups of students

requires solid mathematics curricula, competent and knowledgeable teachers who can

integrate instruction with assessment, education policies that enhance and support

learning, classrooms with ready access to technology, and a commitment to both equity

and excellence (p. 3).

NCTM’s vision involves positioning students as “autonomous learners” who “become confident

in their ability to tackle difficult problems” (p. 21). To support students in this endeavor, teachers
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“must know and understand deeply the mathematics they are teaching and be able to draw on

that knowledge with flexibility in their teaching tasks” (p. 17).

Problem Statement

Unfortunately, as expounded in Chapter 2, research on both in-service and pre-service
mathematics teachers has revealed significant gaps in the pedagogical content knowledge of
many elementary-school educators, making it difficult to realize NCTM’s vision. As a
mathematics teacher educator (MTE), I have a role to play in supporting NCTM’s ambitious
goals for mathematics instruction in the United States by helping to prepare teachers who
“understand the big ideas of mathematics” and can support students in tackling complex
problems from multiple angles (NCTM, 2000, p. 17). In 2017, the Association of Mathematics
Teachers Educators (AMTE)—with the help of MTEs and stakeholders from across the country,
including representatives of NCTM—published Standards for Preparing Teachers of
Mathematics (hereafter referred to as the Standards), which serves as a guide for MTEs and
educator preparation programs (EPPs) in designing and assessing curricula for pre-service
mathematics educators.

Interested in determining whether my pre-service teachers are meeting AMTE’s
Standards—which are intended to support NCTM’s vision—I designed the present study to
document the level of pedagogical content knowledge possessed by my pre-service teachers
(PSTs) and to describe the ways in which this knowledge grows via the intervention of
standards-based learning. I also sought to identify themes in my PSTs’ work that would lend

insight into the reasons why PSTs struggle to obtain full proficiency with respect to the



Standards. 1 employ Situated Learning theory to examine the interactions between PSTs, MTEs,
and performance that result from utilizing standards-based assessment within a master-apprentice
relationship. The findings from the study will inform continued improvements to my practice and
to the field of mathematics teacher education as MTEs seek to support our PSTs in becoming

effective mathematics educators capable of fostering a mathematically literate society.

Intervention

In Spring 2019, I implemented standards-based learning (SBL) for the first time in my K-
8 math methods course. My transition from traditional instruction and assessment to standards-
based learning was motivated by a desire to improve my PSTs’ performance on lesson planning
assignments, which I felt did not live up to my PSTs’ potential. Although I always offered my
PSTs the opportunity to revise and resubmit assignments, few ever did, citing busy schedules and
impending due dates in other courses. By building feedback and revision cycles directly into my
course structure, [ hoped to ensure my PSTs would have the opportunity to learn from my
feedback and revise their lesson plans accordingly before being assigned final grades in the
course. A secondary motivation for implementing standards-based learning was to model this
type of assessment for my PSTs, who as future K-8 teachers, will likely be charged with
implementing SBL in their future classrooms.

In standards-based learning, students are evaluated against specific learning criteria
(standards) rather than against arbitrary point totals. Assessments are used to gauge students’
proficiency with respect to the standards at various points during a course of study to inform next

steps in instruction as teachers and students work collaboratively to support student mastery of
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course concepts. Ongoing formative assessment, timely instructor feedback, and multiple
opportunities for students to demonstrate mastery are hallmarks of SBL, which is becoming
increasingly common in K-12 schools across the country (Heflebower et al., 2019).

Standards-based learning emphasizes assessment for learning, whereas traditional
assessment emphasizes assessment of learning (Boaler, 2016). In SBL, assessments and feedback
are utilized to advance students towards mastery of course objectives; students are expected to
learn and grow from the feedback they receive by acting on that feedback with the support of
their instructors (Heflebower et al., 2019). In contrast, traditional instruction and assessment is
characterized by the administration of summative assignments such as essays, quizzes and tests
in which students receive numerical scores based on a ratio of the number of points earned to the
total number of points possible. Traditional assessment is simple for instructors to administer and
track, making it nearly ubiquitous in post-secondary education. However, it harbors inherent
flaws that make it difficult to gauge students’ true level of learning with respect to course
outcomes. For instance, by conflating academic performance with non-academic factors such as
attendance, students can be assigned passing grades despite never mastering course content, or
they can earn low grades despite demonstrating mastery (Guskey, 2015; Marzano, 2000;
Townsley & Varga, 2018). Furthermore, grades based on a hundred-point scale are highly
unreliable, with scores varying widely from instructor to instructor (Guskey, 2015). Finally,
traditional assessment is normative in nature, giving more information about students’ relative
ranks in class than about the knowledge and skills they have acquired, contributing to

unnecessary competitiveness among peers (Guskey, 2015; Sadler, 1987).



Standards-based learning has its roots in mastery learning, developed over 50 years ago
by the educational researchers John Carroll and Benjamin Bloom. Carroll posited that rather than
being a function of a student’s absolute capacity to learn, aptitude is instead a function of what a
student can learn within a given amount of time (Block, 1971a; Carroll, 1971). Some students
require more time and practice than others to comprehend concepts and to master skills, so when
performance is evaluated based on a limited number of assessments that cannot be revisited and
revised, students’ absolute capacity to learn is not being measured—only their capacity to learn
within the time constraints of the course. In mastery learning—as in standards-based learning—
students are afforded additional time as necessary to achieve proficiency. Instructor feedback,
supplemental study sessions, tutoring sessions, readings, exercises, and/or audio or visual
supports are provided above and beyond the required course materials to help students who need
additional support to master key concepts (Block, 1971b).

Mastery learning has at its core the assumption that “under appropriate instructional
conditions virtually all students can learn well what they are taught” (Guskey, 1980, p. 105) and
that “the normal curve is not sacred,” meaning that the final distribution of grades in a course
should not form a bell curve but should instead be skewed to the left if instruction in the course
is to be deemed effective (Bloom, 1971, p. 49; Guskey, 2015). According to early research
summarized by Block (1971a), 75-90% of students in courses utilizing mastery learning
achieved the same level of performance as the top 25% of students in courses utilizing traditional
instruction, suggesting that mastery learning could be a promising approach to supporting

students in achieving proficiency in their coursework.
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In adopting standards-based learning in my K-8 math methods course, I moved up the
due dates for the main lesson planning assignments to allow time for revisions. I committed
myself to providing detailed feedback on each assignment utilizing a course rubric aligned with
national standards documents. The culminating project in the course became a final portfolio in
which my PSTs submitted revisions to their major assignments along with a written reflection on
key course concepts. Because both the homework and classwork during the last two weeks of the
semester were dedicated to preparing the portfolios, my PSTs had built-in time to work in their
revisions. My hope in making these changes was to support improved performance among my

PSTs on their mathematics lesson plans, the subject of the present study.

Positionality

In my role as a teacher educator specializing in K-12 mathematics instruction, I endeavor
to model for my PSTs best practices in instruction and assessment. My methods courses
emphasize collaborative, open-ended problem solving aimed at supporting students in making
important mathematical connections as advocated by AMTE (2017) and NCTM (2000; 2014),
and I encourage my pre-service teachers to design lesson and unit plans that incorporate these
features. To support them in doing so, I assign readings and videos that feature mathematics
instruction in line with AMTE’s Standards (hereafter referred to as Standards-based instruction);
I have them explore and solve problems with a variety of mathematical manipulatives; I provide
exemplars of well-designed lesson plans; and I arrange real-world teaching experiences followed

by opportunities for reflection and discussion.
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My commitment to Standards-based mathematics instruction stems from my early career
experiences teaching mathematics to urban youth pursuing entrance to the Community College
of Philadelphia and to Indigenous students at one of my current state’s tribal colleges. It was eye-
opening for me—a White, middle-class female who enjoyed the opportunity to attend high-
quality public schools—to learn that many students in our nation graduate from high school
without fundamental skills in mathematics. I quickly became passionate about finding ways to
support my students’ college dreams by helping them to experience success in the developmental
math courses I taught, which I discovered required deviating from the traditional step-by-step
instruction that had always worked well for me. I realized that they, and surely millions of other
students, needed a different approach to mathematics instruction that would enable them to make
sense of the mathematics for themselves and to connect it to their culture, which was different
from mine.

Knowing that early experiences with mathematics are essential for developing a robust
understanding of mathematics as an adolescent and adult (Aubrey et al., 2006; Jordan et al.,
2009), I became interested in teaching the teachers who would one day work with the children of
my students. As a fixed-term faculty member in one of the educator preparation programs in my
state, I again found myself surprised that even among my mostly White, middle- and working-
class female students, math skills were limited, prompting me to realize that our nation’s math
woes were far greater than I had fathomed. Many of the PSTs pursuing K-8 licensure in my
department enter my methods course having developed unproductive, if not harmful, beliefs
about mathematics and math instruction during their prior schooling due to the same step-by-

step, disconnected mathematics instruction that my urban and reservation students had



experienced. Many of my PSTs feel anxious about teaching mathematics and harbor fixed
mindsets about math achievement, assuming the widespread belief that only those born with a
natural gift for mathematics can perform well in the subject (Boaler, 2016).

Figure 1 shows a collage of the responses shared by PSTs in my K-8 math methods
course to a question I ask on the first and last days of class: “What word comes to mind when
you think about teaching math?” I administer the question through an interactive presentation
using Mentimeter, gathering students’ anonymously reported feelings about the subject. As the
first-day word clouds reveal, sentiments towards math are mostly negative and traditional.
Fortunately, by the last day of class, sentiments become primarily positive and reform oriented,
suggesting that my course design appears to contribute to improved attitudes towards
mathematics. However, I have not always felt as successful in improving my PSTs’ competency
to generate Standards-based math lessons. By the end of each semester, I have often found that
many of my students still struggle to translate their newfound enthusiasm for mathematics into
coherent, cognitively demanding math lessons for elementary and middle school students, and I
end up awarding A’s for work that I do not consider to adequately exemplify Standards-based

instruction.
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Figure 1. Pre-service elementary teachers’ attitudes towards math instruction on the first day of
their math methods class (left) and last day of their math methods class (right) in Spring 2018 (top)
and Spring 2019 (bottom).
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In an effort to establish and maintain a set of higher expectations for my pre-service
teachers—and to support them in achieving those expectations—I switched my assessment
approach from traditional to standards-based in Spring 2019. As noted above, the switch was
also motivated by my desire to model best practices for my students, many of whom will move
on to teach in school districts that utilize SBL, including the school district closest to my
university. As Carless (2002), articulates, “the teacher education context provides a particular
incentive to model assessment for learning, in view of the hope that in future, trainee teachers
can themselves implement good practices in assessment” (p. 353). Noting, anecdotally, an
improvement in the quality of students’ lessons and unit plans after switching my assessment
regime, | embarked on a mission to systematically study my PSTS’ learning outcomes with

respect to the Standards. 1 endeavored to determine whether, and in what ways, SBL might be
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leading to improvements in my PSTs’ ability to plan for effective mathematics instruction as

promoted by AMTE and NCTM.

Study Purpose and Research Questions

The study is motivated by the following research questions:
¢ In what ways does the opportunity to receive timely and specific feedback and to
revise lesson plans accordingly help PSTs to better develop and apply their
knowledge and skills with respect to AMTE’s 2017 Standards?

e In what ways are PSTs meeting and not meeting the Standards in their lesson

planning assignments?

e What themes emerge from PSTs’ work on lesson planning for K-8 mathematics?

The study addresses a gap in the literature on standards-based learning in mathematics
teacher education specifically and in higher education more broadly by focusing on the student
learning outcomes associated with the feedback and revision cycles characteristic of SBL.
Existing studies on standards-based learning have focused on other aspects of SBL, mostly in
contexts outside of mathematics teacher education. In some studies, only final learning outcomes
were analyzed, as measured by final exam scores or final course grades (Bloom, 1971; Guskey &
Monsaas, 1979; Mevarech & Werner, 1985; Stange, 2018). In other studies, student opinions of
SBL (Beatty, 2013; Buckmiller et al., 2017; Carless, 2002; Goos & Moni, 2001; Prasad, 2020;
Scarlett, 2018; Selbach-Allen et al., 2020) and instructor experiences with SBL (Beatty, 2013;
Carless, 2002; Goos & Moni, 2001; Prasad, 2020; Scarlett, 2018; Selbach-Allen et al., 2020;

Stange, 2018; Weir, 2020) were documented. In one study, alignment between student-generated
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self-assessment scores and teacher-generated scores was examined (Orsmond et al., 2002).
Studies have not yet examined differences in student performance on first and final drafts of
assignments on which students have had the opportunity to make revisions after receiving
instructor feedback.

The study specifically analyzes SBL from a perspective of Situated Learning theory and
“legitimate peripheral participation” (Lave and Wenger, 1991), in which apprentices work
closely with masters to gain the knowledge and skills necessary for autonomous work in a
profession. In their tome, Lave and Wenger expound upon four domains of full professional
participation: access, achievement, identity, and power. This study examines the first two, access
and achievement, in seeking to document the ways in which instructor feedback informs PST

performance.

Organization

Chapter 2 summarizes the literature on effective assessment and effective mathematics
instruction. It also summarizes literature describing PSTs’ tenuous relationship with
mathematics. Chapter 3 outlines the theoretical framework of Situated Learning in more detail
and links it to the analytical framework utilized for measuring PST performance. It also
describes the study setting, participants, and research methods. Chapter 4 shares the findings
from data analysis while Chapter 5 discusses the findings’ implications for the field of

mathematics teacher education.
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CHAPTER TWO

LITERATURE REVIEW

Overview

In this chapter, I describe research demonstrating the effectiveness of the type of
mathematics instruction advocated by NCTM and AMTE and built into the learning outcomes of
my course. | also share research that underscores PSTs’ fragile relationship with mathematics,
leaving many of them ill-equipped to implement this type of mathematics instruction in their
future careers. I conclude by sharing research that positions standards-based learning as a
potentially effective intervention for increasing student performance in post-secondary

education.

Standards-Based Mathematics Instruction

The AMTE Standards (2017) were designed in response to a legacy of research in
mathematics education that demonstrates the effectiveness of student-centered instruction in
improving student performance and reducing achievement gaps between different groups of
students. Student-centered instruction is characterized by open-ended problem solving in which
educators respond flexibly to student thinking, acting as guides for their students as they work to
make sense of the mathematics presented to them and to make connections across concepts (Day,
2021).

A review of NCTM’s Principles and Standards for School Mathematics (2000) and its

updated Principles to Actions (2014)—both of which informed the type of teaching advocated in
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AMTE’s Standards—as well as the Standards document itself indicates several influential
researchers and research groups in mathematics education whose work is summarized in this
section. The outcomes of their studies, described below, suggest that the ideas advocated by
NCTM and AMTE are not only feasible for young learners but also more promising than
traditional instruction, which is characterized by teacher-centered learning in which knowledge
and skills are passed on from informed teacher to uninformed student rather than developed
collaboratively through hands-on engagement with mathematical concepts and representations.

Fuson and Briars (1990) were among the earliest researchers to document the benefits of
hands-on tools in improving learning outcomes among children from a variety of socio-economic
backgrounds. In their study, they explored the use of base-ten blocks to teach multi-digit addition
and subtraction to first- and second-grade students in an urban school district. The researchers
found that second graders and high-ability first graders demonstrated skill levels higher than
typical third graders when engaged in instruction emphasizing the conceptual underpinnings of
standard algorithms rather than focusing on algorithms alone.

In a study of her own fourth-grade classroom, Lampert (1986) illustrated her students’
abilities to engage in sense making about multi-digit multiplication by exploring and justifying
number decomposition strategies devised by the students themselves with support from Lampert.
Citing Lampert’s research and the need for further investigation into the potential benefits of
instruction that is designed to support and extend students’ ways of thinking and understanding
mathematics, Carpenter et al. (1989) conducted a quasi-experimental study to explore the student
learning outcomes associated with instruction implemented by teachers who had received

explicit training in student thinking. Students of teachers in experimental groups outperformed
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students of teachers in control groups on two of four assessment measures and exhibited more
productive beliefs about mathematics. The project, deemed Cognitively Guided Instruction
(CGI), became highly influential in ensuing efforts to promote student-centered instruction. For
example, the 1997 volume Making Sense: Teaching and Learning Mathematics with
Understanding (Hiebert et al., 1997) included work on CGI and also cited Fuson and Briars
(1990) research on ten-structured thinking.

Further advancing the findings on student-centered instruction, Cobb et al. (1991)
compared the mathematical knowledge and attitudes of students in second-grade classrooms
implementing a problem-solving curriculum against those in control classrooms implementing a
traditional curriculum. The researchers found that students in the experimental classrooms
demonstrated stronger conceptual understanding and more productive dispositions toward
mathematics. Similar outcomes resulted from research conducted by Boaler (1998), Boaler and
Staples (2008), Boaler and Sengupta-Irving (2016), and Stein et al. (2009), in which students
working collaboratively to solve open-ended mathematical tasks featuring high levels of
cognitive demand outperformed students in control groups characterized by traditional
instruction. As Stein et al. (2009) summarized, “student learning gains were greatest in
classrooms in which instructional tasks consistently encouraged high-level student thinking and
reasoning and least in classrooms in which instructional tasks were consistently procedural in
nature” (p. xviii). Not only were learning gains greatest among students in the experimental
groups in many of these studies, but achievement gaps narrowed and/or disappeared (Boaler,

1998; Boaler, 2011; Boaler and Staples, 2008).
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Elementary Pre-service Teachers and Mathematics

Implementing the type of mathematics instruction described above “requires not just
pedagogical skills but also content-specific knowledge, skills, and dispositions” (AMTE, 2017,
p. 2). Unfortunately, many PSTs majoring in elementary education exhibit noticeable gaps in
mathematical content knowledge as well as unproductive beliefs about the subject and their
ability to teach it well, a dilemma not unique to the United States (Hart et al., 2016; Ingram et al.,
2018; Lutovac & Kaasila, 2014; Setra, 2017; Swars, 2005). Many PSTs enter their educator
preparation programs with negative “mathematics-related teacher identities” due to negative
experiences and/or to poor content knowledge in mathematics (Lutovac & Kaasila, 2018).

In a 2015 study, Shirvani found that among 87 PSTs administered a Texas assessment of
sixth-grade content knowledge in mathematics, the average percent of correct items was in the
low 80s for three of six domains; was only 77% for statistics and probability; and only 58% for
measurement. In a 2011 study comparing performance on fraction-related assessment items,
PSTs from the United States scored an average of 58.9% whereas their Taiwanese counterparts
scored an average of 84.3% (Luo et al., 2011). As Chinnappan and Forrester (2014) found, “pre-
service teachers come into teacher education programs with knowledge of fractions and fraction
operations that is mainly about procedures with limited appreciation of the conceptual basis of
these concepts and operations” (p. 894). In a study on PSTs’ rehearsed explanations of problem
solving, numerous weaknesses were likewise identified in PSTs’ conceptions of proportional
reasoning, including an inability to adequately explain procedures or to depict them visually
based on the underlying concepts (Inoue, 2009). Even on presumably simpler concepts taught in

lower primary grades, PSTs have struggled to demonstrate a deep knowledge of content: Zilkova
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et al. (2015) found that “pre-service teachers can identify planar shapes only in standard position
and they do not have an accurate understanding of the properties of the shapes or they are
uncertain in terminology” (p. 34).

Encouragingly, researchers have shown that positive experiences during pre-service
teacher training can improve PSTs’ relationships with mathematics and motivate them to adopt
more positive, optimistic mathematics-related teacher identities. Engaging in student-centered
mathematics coursework, including open-ended problem solving and the use of manipulatives, as
well as reflection on past experiences with mathematics seems to support PSTs in improving
their attitudes towards math and math teaching (Hart et al., 2016; Ingram et al., 2018; Leavy &
Hourigan, 2018; Lutovac & Kaasila, 2014; Setra, 2017).

Intertwined with the concept of mathematics-related teacher identity is a person’s sense
of self-efficacy. PSTs with negative mathematics-related teacher identities also tend to exhibit
low self-efficacy, expressing fear and anxiety when asked to engage with the subject or to
envision themselves as future teachers of mathematics (Lutovac & Kaasila, 2014; Swars, 2005).
PSTs with low self-efficacy express a lack of confidence in their abilities to teach math
effectively to their future students, whereas PSTs with high self-efficacy express a confidence in
their ability to overcome their gaps in knowledge and to continually grow as math educators.
Such PSTs often begin their programs with the same negative attitudes as their peers but are able
to overcome them through participation in their educator preparation programs (EPPs). As with
PSTs’ mathematics-related teacher identities, PSTs’ sense of self-efficacy can be improved
through positive experiences in educator preparation, including opportunities to increase their

content knowledge (Lutovac & Kaasila, 2014; Setra, 2017; Swars, 2005).
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In the next section, I provide an overview of the research base in standards-based
learning, a promising approach for improving student learning outcomes and attitudes in post-

secondary education.

Standards-Based Learning

As described in Chapter 1, a transformative proposition underlies the theory of mastery
learning originally advanced by Benjamin Bloom and integrated into contemporary approaches
to standards-based learning (SBL): student learning outcomes associated with schooling should
not follow the normal distribution or infamous “bell curve,” with a certain percentage of students
falling far below the mean, others clustering at various distances around the mean, and others
falling far above the mean. As Bloom articulated,

The normal curve is not sacred. It describes the outcome of a random process. Since

education is a purposeful activity in which we seek to have students learn what we teach,

the achievement distribution should be very different from the normal curve if our
instruction is effective. In fact, our educational efforts may be said to be unsuccessful to
the extent that student achievement is normally distributed.” [emphasis original] (Bloom,

1971, p. 49)

Bloom’s argument, which built on the work and theories of John Carroll, broke with
long-held traditional approaches to instruction and assessment, in which final grades reflected
the assumption that some students would excel, most would be middling, and some would
struggle or fail. Instead, mastery learning assumed that almost every student, if not all students,
in a classroom should be reaching the learning objectives of a course of study. It is the job of
educators, as advocated by NCTM and AMTE, to figure out ways to help all students achieve

course objectives if we wish to claim that our instruction is indeed “a purposeful activity in

which we seek to have our students learn what we teach” (Bloom, 1971, p. 49).
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Three key features of mastery learning include: the specification and sharing of standards
so that students know the objectives towards which they are striving; the provision of targeted
formative feedback so that students are aware of their performance with respect to the standards
at various time points during their course of study; and opportunities for students to enhance
their performance before final summative assessments are administered (Bloom, 1971). Each of
these features is shared with the contemporary standards-based learning movement and are

described in the sections below.

Specifying Standards

As Bloom wrote in 1971, “one necessary precondition [to mastery learning] is the
specification of the objectives and content of instruction” (p. 56). Sadler, writing in 1987, echoed
Bloom’s call for more transparency in establishing learning criteria:

One of the conditions necessary for the intelligent use of feedback is that learners know

not only their own levels of performance but also the level or standard aspired to or

expected. Without an appreciation of that, students' efforts in production are likely to

contain elements of random trial and error." (p. 196)

Establishing learning standards up front and sharing them with students diverges from
traditional approaches to instruction and assessment, in which “the standards are ... more or less
inaccessible to lay persons, forming as they do part of the knowledge structures of experts”
(Sadler, 1987, p. 199). Sadler (1987) defines the term standard as ““a definite level of excellence
or attainment, or a definite degree of any quality viewed as a prescribed object of endeavour or
as the recognized measure of what is adequate for some purpose, so established by authority,

custom, or consensus” (p. 194). Advocates of present-day SBL underscore the importance of

sharing standards with students and of utilizing sample student work, or exemplars, to illuminate
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the standards so that students can better understand and envision the quality of work expected of
them (Heflebower et al., 2019). For the purposes of this paper, the terms learning standards and
learning objectives are used interchangeably.

In addition to making the objectives of a course of study more transparent to students,
setting standards up front enables educators to evaluate student performance against a specific
set of desired outcomes as opposed to comparing students against one another. Under traditional,
normative grading, the most capable students often earn A’s regardless of whether they have
demonstrated true mastery of the course content, while other students earn grades relative to the
grades of the strongest students in the class. Such grading systems are demoralizing to students
who are not in the top tier of learners; whether they achieve the primary course objectives or not,
their grades will always be below those of other students (Block, 1971b). Such conditions
promote a fixed mindset towards mathematics achievement, with large percentages of students
assuming that they are simply not “math people” (Boaler, 2016).

Sadler (1987) elaborates on the complexities of establishing appropriate learning
standards for any given course of study. Not only must mastery criteria be established but also
descriptors to distinguish between students who achieve full mastery versus those who achieve
varying degrees of partial mastery. The issue of grain size further complicates matters: if
standards are too numerous and fine-grained, they become unwieldy to work with; if standards
are too few and too broad, then students’ final grades stand to suffer significantly if their
competency levels are misjudged on one or more of the standards. Additionally, verbal
descriptions of competency can be interpreted differently by different instructors and students.

To mitigate the complications involved with establishing and interpreting mastery learning
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standards, Sadler recommends the use of exemplars, or “key examples chosen so as to be typical
of designated levels of quality or competence,” to complement standards so that instructors and
students have a lens through which to properly interpret the standards (1987, p. 200).

Writing in 2006, Marzano likewise acknowledges the complexities involved in setting
specific—but not too specific—learning standards. The issue that contemporary educators face is
converting overbearing national and state standards documents that contain an “inordinate
amount of content” into more manageable sets of standards for teachers and students to utilize in
everyday instruction (p. 13). Marzano recommends identifying the “essential elements”
embedded in standards documents and organizing them into categories of related information
and skills (p. 19). For example, number sense might be one essential element in a mathematics
course, encompassing number systems (such as base-10), the relationships between number
operations (addition, subtraction, multiplication, and division), and the ability to estimate (p. 24).
Not only does this process narrow down the list of standards, it also highlights the
interconnectedness among the seemingly countless skills and concepts embedded in national and
state standards documents such as the Common Core State Standards and the AMTE Standards.

To distinguish between varying levels of mastery with respect to standards, Marzano
recommends utilizing four-point scales that include half-point increments for performance that
straddles two proficiency descriptors. In the context of standards-based learning, the established
standards, including the descriptors for varying levels of proficiency, are referred to as
“proficiency scales” (Heflebower et al., 2019, p. 8). The practice of evaluating students work
against a pre-established set of standards has been shown to produce more reliable evaluations of

student performance as compared to traditional, points-based grading (Marzano, 2006).
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Formative Assessment and Feedback

Formative assessment and feedback are the cornerstone of standards-based learning. As
Black and Wiliam (1998) report in their landmark literature review on formative assessment,

The research reported here shows conclusively that formative assessment does improve

learning. The gains in achievement appear to be quite considerable, and as noted earlier,

amongst the largest ever reported for educational interventions. As an illustration of just
how big these gains are, an effect size of 0.7, if it could be achieved on a nationwide
scale, would be equivalent to raising the mathematics attainment score of an 'average'
country like England, New Zealand or the United States into the 'top five' after the Pacific

rim countries of Singapore, Korea, Japan and Hong Kong. (p. 61)

Black and Wiliam (1998) define formative assessment as, "encompassing all those
activities undertaken by teachers, and/or by their students, which provide information to be used
as feedback to modify the teaching and learning activities in which they are engaged" (pp. 7-8).
The aim of formative assessment is to pinpoint areas of strength and weakness with respect to the
standards and to identify clear paths towards mastery. To be effective in this regard, formative
assessment and feedback must be frequent, timely, and connected to the standards established for
the course of study (Airasian, 1971; Alonzo et al., 2019; Carroll, 1971; Heflebower et al., 2019).
As Airasian (1971) points out, “If learners must wait one or two or more months to discover that
they have not mastered a concept introduced in the first week of instruction, being informed of
such errors benefits them little” (p. 79).

One of the most common mechanisms of formative assessment is teacher observation
since “almost all teachers gather what can be termed formative evidence during their instruction.

Teachers implicitly select and respond to cues from their pupils” (Airasian, 1971, p. 80).

Additional avenues for formative assessment include conversations with students, student
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journals and notebooks, homework, quizzes, essays, projects, and oral and written reports
(Arisian, 1971; Carroll, 1971; Guskey, 2007; Heflebower et al., 2019; Marzano, 2006).

To function as formative assessment in a standards-based learning environment, the use
of these tools must be purposeful: it “requires the teacher to deliberately watch a student for
specific actions required by the language on a proficiency scale” (Heflebower et al., 2019, p. 76).
Since an aim of SBL is for students to achieve mastery of educational outcomes that include
higher-order thinking skills, then formative assessment items must invoke such skills in order to
evaluate students’ proficiency with respect to higher-demand tasks. If formative assessment
items comprise solely multiple-choice, true-false, or single-response questions but a final
summative evaluation will involve synthesizing information learned in a course, then formative
assessment will not serve its intended purpose of identifying areas of strength and weakness with
respect to the learning objectives (Airasian, 1971; Black & Wiliam, 1998; Guskey, 2007,
Marzano, 2006).

Coupled with formative assessment must be formative feedback. As Sadler (1998)
articulates, “Incorporating feedback is surely as fundamental a characteristic of responsible and
responsive learning systems as having a teacher at all" (p. 79). Stefani (1998) defines feedback
as, “information that provides the performer with direct usable insights into his/her current
performance, based on tangible differences between current performance and the learner’s hoped
for performance” (p. 348). “Direct usable insights” include specific suggestions for remedial
actions or “correctives” to be taken by individual students and/or the teacher to improve
students’ performance vis-a-vis the standards (Airasian, 1971; Stefani, 1998). In Black and

Wiliam’s (1998) research review, a key finding from the literature on formative assessment is
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that feedback focused on the correctness of answers or final products can have negative impacts
on student learning outcomes, whereas feedback emphasizing students’ processes for achieving
final answers and putting together final products moves students towards their learning goals.

In order for teachers to generate useful feedback for their students, formative assessments
must be evaluated with respect to the standards rather than with respect to a point total, which is
characteristic of traditional instruction and assessment. “For the purposes of formative
assessment, a single score hides more than it reveals” (Airasian, 1971, p. 84). Two students
earning the same number of points on an assignment may in fact be mastering different
objectives. For scores to be useful, they should be linked to the relevant learning standards
incorporated into an assessment so that students know which standards they have mastered and
which standards require further attention (Airasian, 1971; Marzano, 2006). Better still, formative
feedback should comprise comments alone without a score or grade in order to encourage
students to develop a growth mindset about their work (Airasian, 1971; Black & Wiliam, 1998;
Boaler, 2016; Carroll, 1971).

Formative feedback can also be generated by students through processes of peer- and
self-assessment. Research evidence summarized by Black and Wiliam (1998) and Dochy,
Segers, and Sluijsmans (1999) suggests that peer- and self-assessment can be beneficial for
students because it contributes to an increase in metacognitive skills such as reflection and
problem solving. To be effective, students must be trained in peer- and self-evaluation and
provided with specific structures within which to generate useful feedback (Black & Wiliam,
1998). Students might assess their peers using formats such as “two stars and a wish,” which

requires students to provide both praise as well as constructive criticism to their peers (Boaler,
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2016, p. 157). They might also generate and answer their own or their peers’ questions about the
topic of study (Black & Wiliam, 1998; Boaler, 2016). Other options include evaluating their own
or their peers’ work against teacher-generated checklists or against the standards themselves;
responding to targeted reflection questions; teaching one another the concepts under study; and

even generating sketches to encapsulate their present knowledge of the subject (Boaler, 2016).

Opportunities for Improvement and Enrichment

When formative assessment indicates that students have not yet achieved mastery of one
or more of the intended learning objectives, opportunities for improvement should be provided to
students so that they can work towards proficiency. Such opportunities may include participating
in supplemental study sessions or tutoring sessions; reading supplemental material or re-reading
key passages of previously assigned material; completing additional exercises or tasks; engaging
in academic games or puzzles; listening to or watching selected audio or visual supplements; and
re-teaching, among other strategies (Block, 1971b). As Guskey (2007) underscores,

Because of individual differences among students, no single method of instruction works

best for all. To help every student learn well, therefore, teachers must differentiate their

instruction, both in the initial teaching and especially through the corrective activities

(Bloom, 1976). In other words, to decrease variation in results, teachers must increase

variation in their teaching. (p. 16)

These additional opportunities are a method for allowing students more time to meet the
stated standards. As related in the Introduction, Carroll identified pacing as an inhibiting factor

% C¢

for many students’ “opportunity to learn” (Carroll, 1971, p. 32). Although students may be asked
to engage in supplemental tasks outside of class, Guskey (2007) recommends providing class

time for students to engage in corrective activities:



25

Teachers who ask students to complete correctives outside of class as a homework

assignment or during special study sessions held before or after school rarely experience

success. Instead, they quickly discover that those students who could benefit most from

the corrective process are the least likely to take part. (p. 18)

For teachers who worry that allotting class time for correctives will force them to cut other
content from their courses, Guskey (2007) points out that time spent on correctives early on in a
course will save time in reviewing and re-teaching concepts later on.

For students who demonstrate mastery of the course objectives on a given formative
assessment, opportunities for enrichment can be provided to them during time when other
students are revisiting un-mastered material. These might be small projects or more challenging
versions of tasks already assigned, or extensions to such tasks. Alternatively, higher-aptitude
students can be incorporated into cooperative learning groups along with lower-aptitude students
to assist the latter as they work towards proficiency. Here again, training must be provided so

that the higher-aptitude students understand the need to help draw out the necessary skills in their

peers as opposed to taking tasks over for them (Boaler, 2016; Guskey, 2007).

Standards-Based Learning in Higher Education

Standards-based learning has taken root in K-12 schools across the United States
(Scarlett, 2018). While SBL has gained traction in higher education in recent years, it is not yet
widely used (Alonzo et al., 2019; Klecker & Chapman, 2008; Wong & Kang, 2012). As noted by
Wong and Kang (2012), "while ML [mastery learning] has been around in the education
landscape for over half a century, there is still a lack of literature that investigates the suitability
and effectiveness of adopting ML to higher education" (p. 207). Among the studies that have

been published within higher education, the following aspects of mastery learning and standards-
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based learning (which are defined similarly in the literature) have been examined: student
learning outcomes as indicated by final exam scores and/or final course grades (Bloom, 1971;
Guskey & Monsaas, 1979; Mevarech & Werner, 1985; Stange, 2018); students’ use of rubrics
(Hendry et al., 2012; Orsmond et al., 2002); student opinions of standards-based learning
(Beatty, 2013; Buckmiller et al., 2017; Carless, 2002; Goos & Moni, 2001; Prasad, 2020;
Scarlett, 2018; Selbach-Allen et al., 2020); and instructor experiences implementing standards-
based learning (Beatty, 2013; Carless, 2002; Goos & Moni, 2001; Prasad, 2020; Scarlett, 2018;
Selbach-Allen et al., 2020; Stange, 2018; Weir, 2020). Of the studies identified, five arose from
teacher education contexts: Buckmiller et al., 2017; Carless, 2002; Goos and Moni, 2001; Prasad,
2020; and Scarlett, 2018. Only Prasad 2020 dealt specifically with pre-service elementary

mathematics teachers.

Summary of Research Findings

Studies examining student learning outcomes have reported primarily positive results
associated with mastery learning. In an early study reported by Bloom (1971), statistically
significant differences were found between the mean performance of students in a mastery
learning section of a course and students in a non-mastery section, with 80% of students in the
mastery section earning A’s on the final examination and only 20% of students in the traditional
section earning A’s. In a quasi-experimental study conducted across the City Colleges of
Chicago, Guskey and Monsaas (1979) found that students in mastery learning sections of courses
ranging from English to mathematics earned higher final exam scores and course grades than

their peers in non-mastery learning sections taught by the same instructors. The mastery learning
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sections also demonstrated greater student retention, with lower percentages of students dropping
their courses before the end of the semester. Mevarech and Werner (1985) found that students in
mastery sections of an introductory gerontology course outperformed their peers in a non-
mastery section of the course on final exam questions involving higher-mental processes and
problem-solving skills.

Other teacher-researchers sensed improvements in their students’ performance in their
courses but did not specifically compare student work across or between semesters (Carless,
2002; Prasad, 2020; Weir, 2020). Several pointed out the benefit of upholding higher standards
for students such that students could not earn a passing grade in their courses simply by
accumulating a minimal number of points without necessarily demonstrating mastery of the
concepts (Prasad, 2020; Selbach-Allen et al., 2020; Weir, 2020). For example, Selbach-Allen et
al. (2020) commented, “Before incorporating standards-based grading, we all had students who
found ways to earn enough points to pass our courses without developing crucial skills” (p.
1115-1116). They also noted that fears about students taking advantage of the opportunity to
revise by submitting low-quality work, knowing that it could be redone at a later date, did not
play out in their courses: “many students quickly figure out after the first assignment that
revisions are more difficult if they did not start from a good first draft” (p. 1119).

In contrast to the above findings, Stange (2018) found that students performed more
poorly on the final exam than would have been predicted by their grades on the formative
assessments offered throughout the course, suggesting that the instructor’s approach to
standards-based learning (referred to as standards-based grading in her study) were not as

effective as one might expect based on the results of the research cited above. Although the
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instructor (also the author and researcher) provided near-daily opportunities for formative
assessment and quickly addressed gaps in proficiency, the researcher’s approach to formative
assessment failed to incorporate higher-order skills such as synthesizing information across
standards:

The nature of the badges system left no room for questions that tested some synthesis of

their topics. This made all the topics appear disjointed and separate, and, I fear,

unmotivated. An alternative system may be to allow some synthesis problems combining
an understanding of different badges, which are then graded with respect to more than

one standard. (p. 806)

Indeed, providing formative assessment problems aligned with higher-order skills is among the
recommendations put forth by proponents of mastery learning and standards-based learning
(Airasian, 1971; Black & Wiliam, 1998; Guskey, 2007; Marzano, 2006).

Orsmond et al. (2002) reported the findings of a third in a series of studies designed to
identify conditions that support students’ understanding of the standards against which their
performance in courses is judged. They found that instructor feedback coupled with the use of
exemplars, as recommended in earlier research (Sadler, 1987), increased alignment between
instructor-generated scores and student-generated scores on a significant course assignment (in
this case, a scientific poster on the topic of histology), underscoring the importance of exemplars
in illuminating the standards for students. Hendry et al. (2012) likewise found that intentional use
of exemplars supported students in understanding the criteria outlined in course rubrics.

Post-secondary students, by and large, have been found to view mastery learning
favorably. Early research studies on mastery learning indicated that “mastery learning students

... exhibited markedly greater interest in and attitudes toward the subject learned compared to

non-mastery learning students” (Block, 1971a, p. 9). Recent research corroborates these results.
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In their respective studies, Beatty (2013), Buckmiller et al. (2017), Carless (2002), Goos & Moni
(2001), Scarlett (2018), and Selbach-Allen et al. (2020) all found that student feedback on the
use of standards-based learning strategies was primarily positive. Students appreciated receiving
feedback on early quizzes or drafts of assignments coupled with opportunities to improve their
final scores (Beatty, 2013; Carless, 2002; Prasad, 2020; Scarlett, 2018; Selbach-Allen et al.,
2020). They also appreciated knowing up front the objectives towards which they should be
striving and against which their work would be evaluated, which helped them to identify their
strengths and weaknesses with respect to the course content (Beatty, 2013; Buckmiller et al.,
2017; Goos & Moni, 2001; Scarlett, 2018). As Buckmiller et al. noted, "a well written rubric, for
example, gives students a chance to demonstrate proficiency without negotiating the impossible
task of reading an instructor’s mind" (2017, p. 156).

Negative comments from students mostly reflected initial confusion about a mastery
learning or standards-based grading system (Beatty, 2013; Buckmiller et al., 2017; Prasad, 2020;
Scarlett, 2018; Selbach-Allen et al., 2020) and feeling conflicted about completing corrective
tasks that are not graded but are designed to prepare students for exam retakes when assignments
for other courses are going to be graded, hence demanding more immediate attention (Beatty,
2013). As one student opined,

The primary issue I have is that other classes don’t have this mentality. So there

are a large number of assignments due, that are required in order to get good

grades. [...]  hope you understand how hard it is to put off something that’s being

graded, with the potential of not completing the assignment, or completing it at a sub-

standard level, in order to study/work on something that isn’t going to “directly” impact
my grade. (Beatty, 2013, pp. 17-18)
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Prasad (2020) accounted for this type of dilemma in her course by assigning a final portfolio—
which forms part of each student’s grade—comprising revisions to earlier assignments that did
not initially meet the learning targets.

Difficulties faced by instructors included the significant up-front time investment in
generating standards and associated assessments, although the up-front investment resulted in
time saved when grading assignments against clearer criteria (Beatty, 2013; Selbach-Allen et al.,
2020). Prasad (2020) noted the significant time investment in grading final portfolios at the end
of every semester; however, by having students submit all of their revisions during finals week
rather than at varying times throughout the term, time was saved on continuously grading
revisions at earlier points during the semester. For all these teacher-researchers, the positive

outcomes associated with SBL were considered well worth the time.

Approaches to Standards-Based Learning

There are almost as many approach to SBL in higher education as there are practitioners
and researchers implementing the approach. As Alonzo et al. (2019) note, “Although there are
agreements about the definition of SBA [standards-based assessment], the concept is interpreted
in different ways by academics, which consequently leads to different SBA practices to the
extent that some practices are not fully aligned to the principles described” (p. 637) Indeed, as
discussed above, Stange (2018) ultimately found that her approach to SBL did not meet the full
criteria for effective practice because she did not include higher-order thinking skills in her
formative assessments. The teacher-researchers whose studies are summarized in this section all

varied in their approaches to SBL and in some cases utilized different terminology, such as
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standards-based assessment or mastery learning. However, they all shared the same underlying
assumption that SBL must, at the very least, involve setting and sharing learning standards with
students and must incorporate ongoing formative assessment of student learning outcomes with
opportunities for students to improve their performance based on feedback.

Methods of developing standards, of aligning assessments to standards, of providing
feedback and correctives, and of calculating final course grades varied from teacher-researcher to
teacher-researcher, although there were several commonalities among them. Scarlett (2018), who
integrated mastery learning into a sophomore-level assessment course for K-12 teaching majors,
began the process of delineating specific learning standards for his course by composing ten
broad statements reflecting what teacher candidates should know and be able to do. The
statements were translated into specific learning targets—or product goals—aligned with the
course content using language borrowed from Bloom’s Taxonomy to ensure a range of cognitive
skills were reflected. A separate set of process goals was developed to enable attendance, class
participation, and assignment completion to be incorporated into the final course grade,
underscoring the importance of these habits for individuals who aim to work as professional
educators. To distinguish between varying levels of performance, Scarlett developed a five-point
rubric for each process and product goal. The separation of process goals from product goals
enabled both of these elements to factor into a final grade calculation without amalgamating the
two into a single point total. Students would be able to see a separate score for each category
within the set of standards so that they would know the specific areas in which they failed or

succeeded with respect to the course objectives.
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In developing standards for a college physics course, Beatty (2013) consulted the course
textbook to identify specific skills and competencies that could be translated into learning
objectives, of which over 100 were developed and assessed. After this quantity proved to be a
logistical nightmare in the first course of a two-course sequence, Beatty pared down the number
of objectives to 25 in the second course. These objectives were broader than the objectives in the
first course, which were too fine-grained to evaluate effectively or efficiently. Weir (2020)
similarly found that she needed to adjust her course objectives as the semester progressed and
ultimately determined that “20 to 30 objectives can be reasonably tested during a semester” (p.
1001). Like Beatty (2013), Stange (2018) found that establishing standards incorporating too
many distinct facts and skills proved to be unwieldy and caused difficulties in attempting to
assess higher-order skills such as problem solving and critical thinking. Stange used a one-point
scale to assess each standard, with half of a point reflecting partial mastery. Neither Beatty
(2013) nor Stange (2018) incorporated process goals into their final grades calculations, which
were limited to performance on quizzes and exams (including re-takes on exams after engaging
in corrective action).

Teacher-researchers were careful to develop assessment questions and/or tasks designed
to provide students with opportunities to demonstrate achievement of the stated learning
objectives. Beatty (2013) and Scarlett (2018) both discussed the benefit of engaging in this
alignment exercise in terms of ensuring coherency in their courses. While Beatty (2013) and
Stange (2018) both developed new assessment instruments to ensure alignment between
standards and assessments, Scarlett (2018) utilized existing assessments but in a more intentional

manner, paying closer attention to the strength of evidence demonstrated by students with respect
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to the various learning standards. Carless (2002), who wrote about applying standards-based
learning to a particular project, likewise did not alter the nature of the final product required,
only the process of arriving at the final product and grade.

Each of the teacher-researchers took different approaches to providing feedback and
opportunities for improvement. Carless (2002) embedded opportunities for feedback and
improvement directly into the course, providing class time for students to engage in
brainstorming for their project, to present and receive feedback on initial drafts, and to revise
their work. Stange (2018) also provided class time for re-assessment in the form of daily quizzes,
on which standards-based targets would be assessed repeatedly until the class as a whole
demonstrated mastery. Beatty (2013) incorporated a mix of in-class and out-of-class corrective
and reassessment opportunities. Homework sets designed to prepare students for pre-tests,
exams, and re-tests were to be completed outside of class. Pre-tests and exams were conducted
during class time, with re-tests completed outside of normal class hours. Feedback was provided
on the homework sets and exams, although the exact nature of this feedback was not discussed.

None of the instructors in the studies discussed above incorporated early assignments in
their final grade calculations, including only assignments that demonstrated the highest level of
mastery achieved by each student. In one study, the researchers reported assigning grades based
on the competency demonstrated only on final projects and assignments at the end of the term
such that a student who had previously demonstrated mastery but could not maintain it on a
summative assessment would not earn a mastery score for the relevant item on the course rubric
(Buckmiller et al., 2017). Stange (2018) assigned final grades based on a combination of

traditional and mastery grading; she calculated 30% of the course grade based on a traditionally
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scored final exam and 70% of the course grade based on the highest quiz scores attained with
respect to each learning standard. The other instructors converted standards-based rubric scores
to percentage grades, although it is unclear how they determined which letter grades would
correlate with which percentages. Stange (2018) established the following criteria but does not
articulate a rationale: “80% and above was some flavour of A; cutoffs for B, C, D were,
respectively, 65%, 54%, and 50%” (p. 803).

Several considerations emerge from the teacher-researchers’ various approaches to
implementing standards-based learning in their courses, including an affirmation of the need to
carefully delineate standards such that they are comprehensive yet not overly fine grained, as
suggested in earlier work by Sadler (1987). To develop standards, the teacher-researchers all
worked backwards by first identifying the learning targets associated with their courses, a
process that included consulting externally validated resources such as established taxonomies,
as in the case of Scarlett (2018), and textbooks, as in the case of Beatty (2013). Also important is
the process of aligning standards to assessments, whether those assessments are generated from
scratch or adapted from existing assessments. Formative assessments should not be factored into
final course grades since they reflect progress towards course objectives and not a student’s
summative level of performance. Finally, according to Guskey (2007), providing at least some
in-class time for correctives and reassessment is best for students who are most likely to struggle,

which was a practice adopted by most of the teacher-researchers cited above.
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Areas for Continued Research

While the instructors and students represented in the studies above reported primarily
favorable experiences with standards-based learning along with improved scores on final
examinations, the quality of student work was not examined. Carless (2002) “had the impression
that as a whole, the body of work was superior to that produced by other groups when such a
systematic feedback process had not been carried out,” but he did not systematically compare
and contrast the work submitted by students across different time points or different semesters
(p. 359). He asks, “to what extent are our learners [...] making improvements in learning in
accordance with the feedback which they have received?" (p. 360). Scarlett (2018) echoes
Carless’ question: “If the standards-based grading approach is meant to improve learning, do we
know this is really happening?” (p. 68).

In a literature review of action research (AR) in higher education, Gibbs et al. (2017)
note,

In the bulk of the literature, AR is centred primarily on description of the reflective

process rather than any detailed critical evaluation of the intervention/innovation and

methodology. Such accounts rely heavily on personal teacher and student reflection;
although this is an integral part of the AR process, a more mixed methods approach could

widen the impact and scrutiny of the research. (p. 9)

All the action research studies on standards-based learning cited above took this
reflective approach. While the teacher-researchers relayed recommendations for implementing
SBL based on their experiences and those of their students, these experiences were not
systematically analyzed. There is a clear need for action researchers studying standards-based

learning to apply more rigorous research methods to evaluate their students’ learning outcomes.

Hence this study attempts to answer Carless’ question above by evaluating student work against
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a set of nationally accepted standards integrated into a specific analytical framework delineated

in the subsequent chapter.

Summary

Professional bodies in the field of mathematics education are striving to change the ways
in which mathematics is taught to K-12 students such that all students can experience success in
the subject. In order to be prepared to teach using Standards-based practices, PSTs must be
provided with experiences that foster positive mathematics-related teacher identities and increase
their sense of self-efficacy.

Based on the existing literature, SBL appears to be a promising approach to increasing
the learning outcomes among students in higher education, including PSTs. Students and
instructors largely view standards-based learning favorably and studies indicate that students’
knowledge and skills can improve under SBL as compared to traditional instruction and
assessment. However, to date, exam scores and final course grades are the only measures of
student learning outcomes reported in the literature, suggesting a need to explore the quality of
student work associated with standards-based learning. While action research is common in the
literature on SBL, there is a need to approach action research more systematically, with clearly
articulated methods designed to enhance credibility, transferability, and confirmability. In the

following chapter, I describe my methods for the present study.
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CHAPTER THREE

RESEARCH METHODS

Overview

In this chapter, I describe my research approach for the present study. I utilized a case
study design implemented via action research, in which I served as both the course instructor and
primary researcher. A case study design was chosen because [ was seeking to “provide an in-
depth understanding” of “a clearly identifiable case with boundaries” (Creswell & Poth, 2018, p.
100). Similar to Berk and Hiebert (2009), my aim was to engage in systematic inquiry on the
effectiveness of my math methods course with an eye toward generating knowledge useful for
other MTEs by evaluating my PSTs’ learning outcomes with respect to broadly accepted
standards for pre-service mathematics teachers, an aim that is “compatible with the notion of
teacher as a researcher” (p. 339).

The study involved 21 students enrolled in a single section of the K-8 math methods
course that I teach at a small, urban, public university in the northwestern United States. I
gathered and analyzed first and final drafts of lesson and unit plans submitted by the Fall 2019
cohort and conducted observations and interviews with four participants who student taught
during the subsequent semester. My data analysis process involved multiple cycles of qualitative
coding in which I evaluated lesson and unit plans with respect to AMTE’s Standards (2017) and
the Danielson Framework (2007) and also searched for emergent themes in my PSTs’ work.

I begin the chapter by framing the research within the theoretical framework of Situated

Learning before delineating the analytical framework I used for analyzing lesson plans and unit
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plans. I then describe the study setting, participants, and procedures in more detail, including

measures taken to ensure credibility, reliability, and transferability.

Theoretical Framework: Situated Learning Theory

Pre-service teachers enrolled in educator preparation programs are in many ways like
traditional apprentices who work alongside a master, gradually taking over greater control of the
primary responsibilities of a profession. PSTs begin by learning the basic language and
philosophy of education from veterans in the field while engaging in brief field experiences
supervised by in-service teachers. After experiencing initial tastes of classroom life, they engage
in more extended and independent opportunities to teach while learning to complete complex
tasks such as lesson planning and unit planning.

In their seminal work Situated Learning: Legitimate Peripheral Participation, Lave and
Wenger (1991) describe the conditions associated with successful and unsuccessful
apprenticeships, outlining contexts that support and inhibit apprentices’ acquisition of the skills
and knowledge necessary for autonomous work in their fields. Apprenticeships that enable
newcomers to observe masters engaging in their work and to incrementally take on greater
responsibility while receiving direct feedback from their masters are more successful than
apprenticeships in which newcomers are relegated to limited, and often more menial, aspects of
the profession. Successful apprenticeships provide access to the knowledge and skills needed for
achievement in the profession. They also help apprentices to develop an identity appropriate to
the profession that lends legitimacy and power to become active agents of advancement and

change within their communities of practice. These four domains of legitimate peripheral
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participation—access, achievement, identity, and power—are key to sustaining professions as
new generations gradually replace old generations in a continuous cycle of renewal.

The mathematics teacher educator Rochelle Gutierrez (2012) has adapted Lave and
Wenger’s work to develop what she deems the axes of equity in mathematics education. Access
and achievement are associated with the dominant axis of equity for their prominence in
traditional public schooling, where grades and standardized test scores are often emphasized over
other outcomes of education, including identity and agency (power). These latter two outcomes
form the critical axis of equity for their role in enabling legitimate participation in both
mathematics as well as society at large. Gutierrez argues that access and achievement are only
part of the equation as our society works towards greater equity. Women, people of color, and
others who are traditionally excluded from participation and/or success in mathematics must be
given access to meaningful mathematics experiences and supported in achieving mastery of the
subject matter—but they must also be supported in identifying themselves as competent
mathematicians and in developing a sense of agency within the discipline, able not just to
participate in it but to influence it.

Like Lave and Wenger (1991), Gutierrez (2012) argues that learning contexts matter for
the success of teacher-learner, master-apprentice relationships:

Contexts have always mattered to me. Perhaps it is because I was raised to believe that

communities shape and support individuals into the beings they become. Some contexts

bring out the best in me, while others hide my strengths. Considering my worldview, it

makes sense that my research would pay particular attention to contexts. (p. 17)

Along with Boaler and Staples (2008), Boaler and Sengupta-Irving (2016), Stone and

Hamann (2012), and Wilson et al. (2019), Gutierrez (2012) has found that contexts play a key
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role in student success. Commonalities across contexts that support success in mathematics
include high expectations that are made explicit to students along with collaborative, open-ended
tasks characterized by high levels of cognitive demand. Like the apprentices of tailors, midwives,
and quartermasters—all of whom engaged newcomers in the full breadth of the actual work of
each trade—the students of teachers who provide opportunities to think and act like
mathematicians exhibit the greatest achievement and most positive attitudes towards
mathematics.

In the present study, I focus on the first two domains of legitimate participation in a
community of practice: access and achievement. The content of my mathematics methods course
is designed to provide access to the field of mathematics education to my PSTs. The activities I
engage them in enable them to practice the actual work of masters in a supported environment in
which expectations are high but stakes are low since the PSTs are not yet held accountable for
the learning outcomes of real K-8 students.! As Lave and Wenger (1991) expound, legitimate
access

might include who is involved; what they do; what everyday life is like; how masters

talk, walk, work, and generally conduct their lives; how people who are not part of the

community of practice interact with it; what other learners are doing; and what learners
need to learn to become full practitioners. It includes an increasing understanding of how,
when, and about what old-timers collaborate, collude, and collide, and what they enjoy,
dislike, respect, and admire. In particular, it offers exemplars (which are grounds and

motivation for learning activity), including masters, finished products, and more
advanced apprentices in the process of becoming full practitioners. (p. 95)

' My PSTs do engage in two field experiences in my methods course, but they are evaluated on their ability to learn
and grow from the experiences rather than their ability to have the students they work with meet specific learning
objectives.
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The tasks, readings, videos, discussions, exemplars, teaching experiences, instructor
modeling, and instructor feedback included in my course are intended to offer PSTs the access
outlined in the above excerpt. The intervention of SBL is intended to support PSTs’ achievement
of the knowledge and skills necessary to implement Standards-based instruction, as described
previously in Chapter 2. While identity and power are also crucial to the future success of my
PSTs as Standards-based mathematics educators—fostering a sense of belonging and
empowerment to change math education for the better—incorporating these two domains into the
present study would have made the scope of the undertaking too unwieldy for a single project;
hence these domains are recommended as areas for future research.

In the next section, I delineate the analytical framework used to evaluate my PSTs’
achievement with respect to AMTE’s Standards (2017) as well as the Danielson Framework

(2007), which is widely used for evaluating teacher performance across the United States.

Analvtical Framework: AMTE-Danielson Course Rubric

To evaluate my PSTs’ achievement with respect to planning Standards-based
mathematics lessons and units, I developed a detailed rubric delineating skills and knowledge
relevant to lesson planning as set forth in the Standards. The rubric, shown below in Table 1, is
also aligned with the Danielson Framework (2007), which has been adopted by my department
for purposes of both teacher educator and pre-service teacher evaluation. As Berk and Hiebert
(2009) advised,

A first step in addressing the challenge of preparing prospective teachers and developing

shareable knowledge for improving teacher preparation is to select an explicit, specific,
and targeted set of learning goals that are shared among the teacher educators and are
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committed to for the long run. Doing so allows the teacher educators to treat the course as
an object of study, thereby generating cumulating and shareable knowledge. (p. 341)

By developing learning targets based on two sets of widely accepted standards for pre-service
and in-service teacher evaluation, I can ensure that the outcomes I report will serve as a useful

reference for other MTEs.

Overview of the Standards Documents

In this section, I provide an overview of the two sets of standards integrated into the
course rubric outlined in Table 1: the Danielson Framework (2007) and the Association of

Mathematics Teacher Educators Standards for Preparing Teachers of Mathematics (2017).

The Danielson Framework. The Danielson Framework, designed to evaluate the

performance of in-service educators, is motivated by constructivist theories of learning and an
assumption that “it is important for students—all students—to acquire deep and flexible
understanding of complex content, to be able to formulate and test hypotheses, to analyze
information, and to be able to relate one part of their learning to another” (Danielson, 2007, p.
15). Like NCTM and AMTE, the Danielson Framework identifies equity as a priority. Of seven
common themes identified in the framework, equity is the first:
Implicit in the entire framework, particularly those domains relating to interaction with
students ... 1s a commitment to equity. In an environment of respect and rapport, all
students feel valued. When students are engaged in a discussion of a concepts, all
students are invited and encouraged to participate. When feedback is provided to students
on their learning, it is provided to all students. (p. 32)

The Framework also recognizes that context matters: “no one approach is a ‘one size fits

all.” But some approaches will be better suited to certain purposes than others. Making good and
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defensible choices is the hallmark of a professional educator” (p. 25). However, “beneath the
unique features of each situation are powerful commonalties. It is these commonalties that the
framework addresses” (p. 22).

Danielson attempts to capture the commonalties of high-quality teaching and learning by
organizing standards into four domains: planning and preparation (Domain 1); the classroom
environment (Domain 2); instruction (Domain 3); and professional responsibilities (Domain 4).
Under planning and preparation, the importance of high expectations and incorporating student
needs, interests, and choice undergird each individual component. Under classroom environment,
productive and respectful collaboration among students is a strong theme. Student authority and
autonomy is evident under instruction, with students being held accountable to both participating
in and shaping classroom discourse and activities, which should be challenging, engaging, and of
interest to students. The domain of professional responsibilities holds teachers accountable to
continually improving their practice through reflection and collaboration, including collaboration

with students and their families.

AMTE Standards for Preparing Teachers of Mathematics. Whereas the Danielson

Framework is intended to be applicable across disciplines and is designed with in-service
teachers in mind, the AMTE Standards are specifically targeted to pre-service K-12 math
teachers. Because the Standards are specific to mathematics instruction and to pre-service
teachers, my research questions emphasize achievement with respect to the Standards, whereas
the Danielson Framework served as a guide for my word choice in the rubric due to my PSTs’

familiarity with the Framework. Like Danielson, the Standards emphasize equity, collaboration,
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problem solving, and student and family involvement in setting goals and planning for
instruction. Furthermore, the Standards describe the depth and extent of mathematical
knowledge for teaching that effective pre-service educators should hold, including an ability to
make connections across various mathematical topics, representations, and grade levels. Four
overarching standards are incorporated into the document: mathematics concepts, practices, and
curriculum; pedagogical knowledge and practices for teaching mathematics; students as learners
of mathematics; and social contexts of mathematics teaching and learning.

The Standards explicitly address the four dimensions of equity as outlined by Gutierrez
(2012). In addition to a generic goal to “promote equitable teaching,” the standards include
specific indicators aligned to Gutierrez’s framework. Indicator C.4.1, “provide access and
advancement,” is aligned with the components of the dominant axis of equity: access and
achievement. Indicators C.4.2 and C.4.4, “cultivate positive mathematical identities” and
“understand power and privilege in the history of mathematics education” are aligned with the
components of the critical axis of equity: identity and power. The written descriptions that
elaborate these indicators incorporate a strong emphasis on context, demanding that pre-service
math educators know how to draw on and bolster students’ unique cultural and mathematical
strengths. Teachers should be able to connect classroom contexts to students’ local contexts and
bring the two together in ways that enable students to simultaneously develop both strong

mathematical capabilities and strong mathematical identities.
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Delineating Rubric Domains, Components, and Criteria

The rubric used for this study and shown in Table 1 emphasizes aspects of Danielson and
the AMTE Standards most relevant to lesson planning. Aspects of the standards related to
implementing lessons are not included in the rubric—either for the purposes of this study or for
my course syllabus—because I am unable to individually evaluate each of my PSTs during the
limited field experiences included in my course, when PSTs all teach in different classrooms at
the same time. Aspects related to family and community involvement are also not included
because they are beyond the scope of the course.

Since other teacher educators in my department utilize the Danielson Framework in their
courses, most of the domain and component names in my rubric are borrowed directly from
those of the Danielson Framework. For the purposes of this study, I use the term “domain” to
refer to the broader categories in the course rubric (e.g., demonstrating knowledge of content). 1
use the term “component” to refer to the subcategories within each domain (e.g., mathematical
concepts and significance). The names of the four proficiency levels are also borrowed directly
from Danielson, whereas the criteria for each proficiency level reflect an amalgamation of
elements of Danielson and the Standards. Like Danielson, the rubric utilizes a 4.0 scale, as
recommended by Marzano (2006) and Guskey (2015), to maximize validity and reliability.
Smaller scales do not allow for sufficient differentiation between proficiency levels whereas
larger scales result in less reliability. For the specific standards from Danielson and AMTE
incorporated into the rubric, refer to the codebook in Appendix B, which lists the standards

according to the relevant domains and components.
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Since the AMTE Standards are not delineated into specific proficiency levels, only
describing the knowledge and skills of a proficient pre-service math educator, I first established
the criteria for proficient performance in my rubric and then worked backwards to generate
criteria for each of the other three levels. As I did so, I referred to both Danielson—which
delineates criteria for the four levels of proficiency, although the levels are not specific to
mathematics education—as well as to the Task Analysis Guide in Stein et al. (2009, p. 6). The
Task Analysis Guide describes four levels of cognitive demand associated with mathematics
tasks: doing mathematics, procedures with connections, procedures without connections, and
memorization.

Stein et al.’s (2009) criteria for doing mathematics—‘complex and nonalgorithmic
thinking” that builds on prior knowledge and makes connections across concepts (p. 6)—directly
informs the type of math tasks advocated in the Standards and hence informed my criteria for
proficient performance in my rubric. For example, the Standards recommends selecting
“meaningful tasks to motivate student learning, develop new mathematical knowledge, and build
connections between conceptual and procedural understanding” and “that promote reasoning and
problem solving, provide multiple entry points, have high ceilings to offer challenges, and
support varied solution strategies” (p. 14). My criteria for proficiency in nature of tasks and use
of resources reflect these goals: “tasks position students as the primary doers and feature a high
level of cognitive demand, permitting non-algorithmic thinking and multiple solution strategies
and fostering conceptual as well as procedural understanding” and “resources are utilized to
support student exploration and sense making and to illuminate important mathematical

connections.”
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The criteria for nearing proficient performance in my rubric mostly reflects proficient
performance but with a need for further clarification or additional details. For example, the
criteria for nearing proficient for nature of tasks and use of resources repeats the criteria for
proficient performance “but require[s] further development to be fully effective.” For other
categories, minor oversights distinguish nearing proficient performance from proficient
performance.

I defined the criteria for basic performance to align with traditional notions of
mathematics instruction, which Goldsmith and Shifter (1997) describe as, “grounded in the belief
that students learn by receiving clear, comprehensible, and correct information about
mathematical procedures [...] Classroom instruction is organized around the transfer of
information from knowledgeable teacher to uninformed student” (pp. 22-23). This type of
instruction is characteristic of Stein et al.’s (2009) procedures without connections for its
“limited cognitive demand,” its focus “on producing correct answers rather than developing
mathematical understanding,” and on “explanations that focus solely on describing the procedure
that was used” (p. 6). For instance, my criteria for basic performance in nature of tasks is, “tasks
feature student engagement but the level of cognitive demand is low, emphasizing prescribed
routines or procedures without meaningful connections to concepts.” Although there is a role for
rote practice within mathematics instruction, lesson plans based solely on procedural fluency
would not meet the Standards.

I defined unsatisfactory performance as lesson planning that exhibited substantial gaps in
understanding or outright misconceptions; incorporated mathematically inappropriate or

culturally disrespectful content; focused on memorization only; and/or overlooked the associated
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component of a lesson plan (such as forgetting to include prompts or describe how manipulatives

would be utilized). My criteria for unsatisfactory performance in nature of tasks, for example, is

“tasks are entirely teacher led with no opportunity for active student engagement, and/or tasks

emphasize memorization only.” My criteria for unsatisfactory performance in use of resources is,

“resources are utilized incorrectly or inappropriately, or manner of use cannot be determined

from the lesson.”

Table 1 shows the criteria for each proficiency level of each component of my rubric.

Table 1. AMTE-Danielson Rubric for Pre-Service Mathematics Educators

Proficient for Pre-Service
Expectations

Nearing Proficient for Pre-
Service Expectations

Basic

Unsatisfactory

Demonstrating
Knowledge of
Content
(Danielson 1a;
AMTE C.1.1,
C.14-5,C.2.2,
C.3.1-2)

Mathematical
concepts

Significance
Prerequisite
knowledge and
skills

Student thinking

Mathematical

Concepts

Demonstrates a solid
understanding of
mathematical concepts and
their relationship to
procedures; tasks and
prompts help student to
link procedures and
concepts.

Demonstrates sufficient
understanding of mathematical
concepts and their relationships
to procedures but exhibits
some gaps in knowledge; tasks
and prompts help students to
connect procedures to concepts
but PST overlooks an aspect of
the procedure or concept.

Demonstrates limited
understanding of
mathematical concepts and
struggles to connect
procedures and concepts;
tasks and prompts focus on
answers.

Demonstrates significant
gaps and
misunderstandings in
mathematical knowledge;
procedures and concepts
are misunderstood or
inappropriately linked.

Significance

Incorporates mathematical
and/or real-world scenarios
that aptly illuminate
mathematical concepts and
naturally lend themselves
to modeling.

Incorporates mathematical
and/or real-world scenarios that
are relevant and lend
themselves to modeling but are
not fully developed.

Incorporates mathematical
and/or real-world scenarios
that are tangential or
contrived, or that are
disconnected from the rest
of the lesson.

Incorporates
mathematical and/or real-
world scenarios that are
inappropriate, or does not
provide a purpose for the
mathematical activity.

Prerequisite Knowledge and Skills

Invokes key background
knowledge and skills in
lesson plans, providing a
solid foundation for
building new knowledge
and skills.

Invokes relevant background
knowledge in lesson plans but
overlooks a relevant concept or
skill, or incorporation of prior
knowledge or skills requires
further development to provide
a strong foundation for
building new knowledge and
skills.

Identifies relevant
background knowledge but
does not attempt to use it
as a foundation to build
new knowledge and skills;
or identifies and
incorporates some relevant
knowledge but overlooks a
fundamental concept.

Does not identify or
incorporate relevant
background knowledge or
skills, or incorporation of
knowledge or skills is
inappropriate.

Student Thinking

Anticipates an appropriate
range of potential solution
strategies and responses
and anticipates potential
points of confusion.

Anticipates potential solution
strategies and responses but
overlooks a key strategy or
response; may not anticipate
potential points of confusion.

Expects a single specific
solution strategy and
response; does not
anticipate potential points
of struggle.

Does not indicate
expected or anticipated
solution strategies or
responses; does not
anticipate potential points
of confusion.
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Table 1 Continued

Alignment Between Learning Objectives and Learning Standards

Learning objectives align
with an appropriate grade-
level standard in a clear,
specific, and measurable
way.

Learning objectives align with
an appropriate grade-level
standard in a way that is either
clear, specific, or measurable,
but not all three; or learning
objectives align with a standard
that is similar to the standard

Learning objectives appear
to align with an
appropriate grade-level
standard but are not fully
clear, specific, or
measurable.

Learning objectives do
not align with an
appropriate grade-level
standard or are too
unclear to decipher.

Setting indicated in the lesson in a
Instructional clear, specific, and measurable
Outcomes and way but the actual standard that
Assessment the lesson addresses is a
(Danielson different standard than the one
1c/e/f, 3c-d; indicated in the lesson.
AMTE C.2.2) Alignment Between Learning Objectives and Assessments
Objectives and Objectives and assessments are | Objectives and Objectives and
Alignment assessments align in terms | mostly aligned in terms of both | assessments align in terms | assessments are
between of both content and content and process and are of content or process but unaligned and/or
learning process and are supported supported by the lesson’s main | not both, or objectives and | inappropriate, or
objectives and by the lesson’s main activities but may require assessments align but are alignment cannot be
learning activities; examples of further development and/or not supported by the main discerned due to lack of
standards satisfactory student work examples of satisfactory activities in the lesson. clarity.
and explanations that student work and explanations
Alignments would meet the objectives | that would meet the objectives
between are provided. are not provided.
learning Level of Cognitive Demand of Objectives and Assessments
objectives and Objectives and Objectives and assessments Objectives and Objectives and
a nts 1ssessments reflect a high reflect a high level of cognitive | assessments reflect a low assessments emphasize
level of cognitive demand demand and are designed to level of cognitive demand memorization only.
and are designed to elicit elicit information about both and primarily emphasize
Level of information about both conceptual and procedural procedural understanding.
cognitive conceptual and procedural | understanding but are not fully
demand of understanding; developed and/or opportunities
objectives and opportunities are provided | are not provided for student
assessments for student self-evaluation. | self-evaluation.
Developmental Progression and Pacing
Developmental Learning objectives reflect | Learning objectives reflect a Learning objectives Learning objectives do
progression and | appropriate attention to the | slightly rushed or prolonged proceed far too quickly or not follow a logical
pacing development progression developmental progression of a | slowly through the developmental
of a concept, supporting concept but afford some developmental progression | progression.

procedural fluency by first
developing conceptual
understanding.

opportunity to develop
conceptual understanding.

of a concept, rushing or
overlooking concepts to
focus on procedures.

Suitability of Resources

Selected resources are
optimally suited to the
mathematical content

Selected resources are suited to
the mathematical content
intended to be conveyed in a

Selected resources may be
used for the mathematical
content intended to be

Selected resources are ill
suited to the
mathematical content

Demonstrating | intended to be conveyed in | lesson or unit but a particularly | conveyed in a lesson or intended to be conveyed
Knowledge of a lesson or unit. salient resource has been unit but other resources in a lesson or unit.
Resources overlooked. would be better suited to
(Danielson 1d, the content and/or selected
3¢c; AMTE resources are unnecessarily
C.1.4/6, C.2.3) limited.
Use of Resources

Suitability of Resources are utilized to Resources are utilized to Resources are utilized ina | Resources are utilized
resources support student exploration | support student exploration and | prescriptive or non- incorrectly or

and sense making and to sense making and to illuminate | mathematical manner with | inappropriately, or
Use of illuminate important important mathematical little or no opportunity for | manner of use cannot be
resources mathematical connections; | connections but efforts require exploration, sense making, | determined from the

students are given choice
in how resources are
utilized whenever
appropriate.

further development to be fully
effective.

or illuminating important
mathematical connections.

lesson.
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Instructional
Strategies
(Danielson 1le,
3b-d; AMTE
C.14,C.2.2-3)

Coherence
Nature of tasks

Nature of
prompts

Coherence

Lessons and units feature a
well-defined, unifying
theme and a logical flow,
with opportunities for
reflection and closure.

Lessons and units feature a
unifying theme, a mostly
logical flow, and opportunities
for reflection and closure, but
one or more of these elements
requires further development.

Lessons and units feature a
mostly logical flow but
include abrupt transitions,
do not include a
discernible theme, and/or
opportunities for reflection
and closure are absent.

Lessons and units feature
an inappropriate theme
and/or the flow of the
lesson or unit is not
logical.

Nature of Tasks

Tasks position students as
the primary doers and
feature a high level of
cognitive demand,
permitting non-algorithmic
thinking and multiple
solution strategies and
fostering conceptual as
well as procedural
understanding.

Tasks foster conceptual as well
as procedural understanding
but are teacher directed rather
than student driven, or tasks
feature the characteristics of
proficiency but require further
development to be fully
effective.

Tasks feature student
engagement but the level
of cognitive demand is
low, emphasizing
prescribed routines or
procedures without
meaningful connections to
concepts.

Tasks are entirely teacher
led with no opportunity
for active student
engagement, and/or tasks
emphasize memorization
only.

Nature of Prompts

Prompts are designed to
elicit information about
conceptual and procedural
understanding and to
encourage reflection,
justification, and
connections.

Prompts are designed to elicit
information about conceptual
and procedural understanding
but do not encourage
reflection, justification, and/or
connections, or prompts
incorporate the features of
proficiency but more such
prompts are needed for the
lesson to be fully effective.

Prompts emphasize answer
and procedures only.

Prompts are inappropriate
or absent.

Advocacy and
Equity
(Danielson le-
f; AMTE
C.2.1,C4.14)

Differentiation

Perspectives

Differentiation

Lessons and units feature
multiple entry points and
specific supports for
struggling students as well
as appropriate extensions
for student ready for a
challenge.

Lesson and units feature either
multiple entry points and
specific supports for struggling
students or appropriate
extensions for students ready
for a challenge but not both, or
lessons and units incorporate
the features of proficiency but
require further development to
be fully effective.

Lessons and units suggest
plans for differentiation,
but plans are vague or are
not linked to the concept
under study.

Lessons and units do not
incorporate plans for
differentiation, or plans
for differentiation are
inappropriate or alter the
level of cognitive demand
for different learners.

Perspectives

Incorporates multiple
perspectives and contexts
into lesson and unit plans,
including those of non-
dominant and historically
marginalized groups, in a
way that challenges
stereotypes and
predominant paradigms.

Incorporates multiple
perspectives and contexts into
lesson and unit plans, including
those of non-dominant and
historically marginalized
groups, but these require
further development to
effectively challenge
stereotypes and predominant
paradigms.

Lesson appears to be
framed from the
perspective of the
dominant group without
due diligence to verify
whether commonly held
assumptions are shared by
other groups.

Incorporates inaccurate,
offensive, or disrespectful
information into lessons
and unit plans such that
negative stereotypes are
reinforced.

Once I delineated the criteria for each component at each proficiency level, I was ready to

begin analyzing my data. Before describing my data analysis procedures, I first provide

background on the study context and participants in the following section.
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Context and Participants

As stated in the chapter overview, I utilized a case study design for my research, which
enabled me to take a deep dive into the lesson plans submitted by a select cohort of my PSTs. I
chose to analyze the lesson plans from the students in my Fall 2019 section of K-8 math
methods, as Fall 2019 was the second semester during which I had implemented standards-based
learning in my course. After my pilot in Spring 2019, I conducted some informal analysis of my
students’ first and final drafts of assignments and developed a desire to know more specifically
in what ways my PSTs were learning (and not learning) from the feedback and revision cycles I
had embedded into the course. Hence, in Fall 2019, I obtained permission from my university’s
institutional review board and from my PSTs to analyze their work and conduct follow-up
interviews with four of them who would be moving on to student teaching during the subsequent

semester.

Context

The study analyzed data from lesson plans submitted as part of my K-8 math methods
course, which PSTs take in their third or fourth year of their educator preparation programs. The
prerequisites for the course are successful completion (earning a C or higher) in two math
content courses taken during the freshman and/or sophomore years. The course includes a review
of mathematical manipulatives introduced in the content courses as well as extensive instructor
modeling of Standards-based mathematics instruction in which PSTs play the role of K-8

students. It also includes readings, videos, class discussions, and written reflections designed to
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further illuminate the features of Standards-based instruction and to provide a research base for
its tenets. The primary textbook from the course is Jo Boaler’s Mathematical Mindsets:
Unleashing Students' Potential through Creative Math, Inspiring Messages and Innovative
Teaching (2016). Readings are also drawn from Making Sense: Teaching and Learning
Mathematics with Understanding (Hiebert et al., 1997).

Before writing independent lesson plans during the final third of the semester, PSTs work
in groups of three to four to design lessons for students in real classrooms at a local elementary
school, where they teach two separate lessons on topics assigned by the cooperating teachers.
The field experiences provide PSTs with some insight into student thinking and learning
trajectories, which helps to inform their lesson plans later in the semester.

Prior to Spring 2019, when I utilized traditional assessment in the course, the unit plan
served as the culminating project for my PSTs and was handed in during final exam week;
hence, only limited feedback was offered to PSTs as they worked on their unit plans during the
final week of class. Other assignments received detailed feedback but were not expected to be
resubmitted unless PSTs chose to do so to improve their scores (few ever did). During Fall 2019,
after implementing SBL, the due dates of the two major independent lesson planning
assignments in the course—an Indian Education for All (IEFA)? lesson plan and the unit plan—
were moved up such that detailed feedback could be provided on both assignments enough in
advance of finals week that they could be revised and resubmitted by PSTs in the form of a final

portfolio along with a reflective essay summarizing key course concepts.

2 The state in which my institution is located requires that all teachers in public schools incorporate instruction on
the historical and contemporary experiences and contributions of the state’s Indigenous groups; the legislation
mandating this instruction is referred to as Indian Education for All, or IEFA.
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The rubric I used to evaluate student work during Fall 2019—the semester during which I
gathered data—was a more limited version of the rubric shown in Table 1, which was the rubric
utilized for this study. For a copy of my original rubric, which represented my first attempt at
delineating standards for my course, see Appendix A. I shared this rubric with my PSTs on the
first day of class and had them self-evaluate against the rubric at various points during the
semester. I also provided feedback on PSTs’ assignment drafts using a digital version of the
rubric embedded in the online course shell. Hereafter I refer to it as my “original” or “initial”
rubric.

Since [ was unaware of ATME’s Standards (2017) when I created my initial rubric, I
drew from Danielson (2007) and NCTM’s Principles and Standards for School Mathematics
(2000). The rubric, though helpful as an initial tool for evaluating student work against a specific
set of criteria that could be shared with my PSTS, omitted some crucial criteria for effective
lesson planning, such as providing opportunities for reflection and closure on the key concepts in
a lesson. It also did not emphasize equity as clearly as in the Standards and in my updated rubric

used for the study (see Table 1).

Participants

The participants were 21 pre-service teachers enrolled in a single section of the K-8 math
methods course that I teach at a small, urban, public university in the northwestern United States.
Most students in the course were elementary teaching majors in their junior or senior years of

college; two of the students were graduate students; only one of the students was male.
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As related in my positionality statement, the pre-service teachers in my K-8 methods
course often harbor negative attitudes about mathematics and mathematics instruction, and this
cohort was no different. As one of the PSTs noted in a written reflection completed early in the
semester, “I was one of those kids that felt I wasn't good at math.” Another wrote, “I always
dreaded going to math class in high school because I had a fixed mindset that I wouldn’t do good
in class.” However, as indicated by other comments in their reflections, my PSTs were eager to
learn how they could approach math differently in their future classrooms so that their students
would enjoy more positive experiences. For example, one PST commented that she was “excited
to learn there are strategies and efforts in place to curb this trend.” Another stated, “It makes so
much more sense to me why we are trying to change math teaching, because obviously
something needs to change so that students aren’t traumatized.”

About half of the students in the course had taken one or both of their mathematics
content courses with me and thus had already been exposed to Standards-based instruction prior
to taking K-8 math methods; the other half had taken those courses with one or more adjunct
instructors who demonstrate varying degrees of proficiency in modeling the Standards.
Regardless of their prior exposure, as noted above, most of the teacher candidates in the course
quickly embraced the tenets of Standards-based instruction even though they initially struggled
to translate those tenets into appropriate lesson plans for K-8 students.

In addition to analyzing all of PSTs’ learning outcomes with respect to their lesson
planning assignments in the course, I also conducted observations and interviews with four of the
PSTs as they student taught the following semester. All four of these PSTs were female (the only

male student in the Fall 2019 section of my methods course was not student teaching during
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Spring 2020). Three of the PSTs were White and one of them was biracial, having both White
and Indigenous ancestry. Two of the PSTs earned the same grade in the course (an A),
demonstrating a mix of nearing proficient and proficient performance, despite having very
different prior experiences with mathematics. One of them, who identified math as her weakest
subject, took both of the math content courses with me; the other PST—the only one of the four
who identified math as her strongest subject—took neither of those courses with me and
described the content courses she had taken as very procedural in nature. Another PST, who
earned a B+ by demonstrating mostly nearing proficient performance in the course, is a special
education double major; she regularly expressed frustration that her special education
coursework seemed to indicate a much different approach to math instruction than I was teaching
her and that while she was compelled by the research base supporting Standards-based math
instruction, she felt nervous about trying to teach this way because she had never seen it modeled
in an actual K-8 classroom. The fourth PST earned a B- in the course, demonstrating mostly
basic and nearing proficient performance, and expressed much greater confidence in math
instruction than her actual performance on assignments would have suggested. I purposefully
invited these four PSTs to participate from among seven who student taught during Spring 2020
because their experiences with mathematics reflected a range of attitudes and approaches to
mathematics, from lack of confidence to confident and from purely procedural to more open

ended.
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Data Sources
To answer my research questions, I saved for analysis all the first and final drafts
submitted by PSTs for the two independent lesson planning assignments in the course, the IEFA
lesson plan and the unit plan. I also observed and interviewed four of the participants who
student taught during the subsequent semester. Additionally, I kept a detailed log of researcher
memos and also recorded annotations on the codes I assigned during data analysis. Each of these

data sources informed my findings and is described in more detail below.

Lesson Planning Assignments

Although effective lesson planning does not necessarily equate to effective Standards-
based teaching, as Morris and Hiebert (2017) assert, “the evidence suggests that how teachers
plan lessons is related to how they teach lessons™ (p. 536). Hence, lesson plans were chosen as a
measure of my PSTs performance with respect to the Standards given my inability to
individually evaluate their teaching during the brief field experiences incorporated into my
methods course.

I chose to analyze both the IEFA lesson and the unit plan because together they enabled
me to evaluate the full breadth of skills and knowledge incorporated into my AMTE-Danielson
rubric (see Table 1). The IEFA lesson plan incorporated aspects of the advocacy and equity
domain that were not directly incorporated into the unit plan, whereas the unit plan incorporated
aspects of setting instructional outcomes and assessment that are not adequately captured in a

stand-alone IEFA lesson. Furthermore, the IEFA lessons captured a broader range of grade levels
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and skills than the unit plans, with more PSTs attempting higher-level mathematics in their IEFA
lessons than in their unit plans.

A copy of my unit plan instructions and of my lesson plan template are included in
Appendix C. The unit plan comprised three lesson plans designed to introduce a Common Core
standard to K-8 students; PSTs could select a standard and grade level of their choice. The lesson
plan template was utilized for both the unit plan as well as the individual IEFA lesson. To
support my students in envisioning the features of an effective IEFA lesson, I modeled an
example lesson for them during class prior to discussing the assignment. In my modeling, |
emphasized the importance of making the lesson both culturally and mathematically rich by
sharing historical information about the tribe I had chosen to feature; by engaging my PSTs in a
“Notice and Wonder” (NCTM, n.d.) about a video of a traditional game being played by
contemporary members of the tribe; and having my PSTs engage in a simulation of the game
while discussing the mathematics involved in the possible outcomes. I was careful to stress with
my students that simply performing mathematics on an Indigenous artifact is not sufficient to
satisfy the Essential Understandings Regarding Montana Indians (Montana Office of Public
Instruction, 2019), which include criteria such as showcasing the diversity among tribes and
identifying the unique contributions of individual tribes to the state’s history, culture, economy,
etc. For their own lessons, PSTs were instructed to choose a tribe or reservation of interest from
the list of state-recognized tribes and tribal territories, conduct independent research on the tribe
or reservation, and generate a math lesson linking the information they found to a relevant K-8
Common Core math standard as well as one or more of the “Essential Understandings,” the state-

level standards established for IEFA instruction.
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Observations and Interviews

In order to learn more about the impact of standards-based learning on my PSTs, I also
conducted observations and interviews with four of the PSTs who student taught during the
subsequent semester. For each of the four PSTs, I conducted one teaching observation as well as
a separate 30-minute interview. The interviews were conducted via WebEx, my university’s
video conferencing platform, since they occurred during Spring 2020 after all schools in my state
closed due to the COVID-19 pandemic (I was able to conduct the teaching observations before
the PSTs’ student teaching was cut short by the pandemic). All teaching observations and
interviews were audio recorded and each interview was transcribed in full. The teaching
observations were not transcribed since they served primarily to provide context for the
interviews, during which PSTs regularly referred to their cooperating teachers and/or student
teaching experiences. Because my PSTs were all in classrooms in which traditional instruction
was the norm, and because one of my PSTs was actively discouraged by her cooperating teacher
from utilizing Standards-based instruction during her lessons, I did not evaluate my PSTs’
student teaching performance against my AMTE-Danielson rubric.

Each one-on-one interview was semi-structured, guided by the following questions: What
word comes to mind when you think about teaching math? How would you describe your
relationship with mathematics and with math teaching? What kind of math teacher do you hope
to be? How confident do you feel in your ability to achieve that vision? How do you feel the
assignments and feedback in EDU 397C impacted you as an emerging educator? The questions

were deliberately open ended to encourage sincere reflections on my PSTs’ sense of achievement
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with respect to the Standards. They were also conducted well after final grades for the methods
course had posted so that the participants would not worry that their responses might impact their

grade in my course.

Researcher Memos and Annotations

When I began forming my ideas for this study, I recorded my developing thoughts in a
Word document that I extended throughout my research process. I labeled each entry by date as
well as by the aspect of the study the entry pertained to (for example, literature review, data
analysis, findings). The memos enabled me to reflect on and adjust my research process as
necessary and to keep track of emerging themes in my PSTs’ work. I also recorded annotations
on the codes I assigned during my first cycle of coding, described in the subsequent section, in
order to document my rationales for assigning each code. My annotations informed revisions to
my rubric during the early stages of my study and also provided data for my second cycle of

coding.

Data Analysis

To evaluate my data, I engaged in multiple cycles of coding, each of which is described

in turn below.

First Cycle Coding

I began by uploading all my PSTs’ IEFA lessons and unit plans (both first and final

drafts) to NVivo, in which I established an a priori coding structure based on my AMTE and
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Danielson-aligned rubric (see Table 1). To minimize potential bias in my analysis of the
assignments, I first replaced all PSTs’ names with numbers utilizing a random number generator
such that the “teacher” name on each lesson plan became Student 1 or Student 2 rather than
Samantha or Natasha (I use fictitious names here to protect the anonymity of my students).
While it was impossible for me to forget the authors of several assignments that had stood out to
me during Fall 2019, I was able to disassociate most of the assignments from their authors during
data analysis.

Each code in the a priori scheme I utilized represented a particular proficiency level
within a particular component of a particular domain in the rubric, for example basic
performance within the component of mathematical concepts within the domain of
Demonstrating Knowledge of Content. 1 used the drag and drop feature in NVivo to code each
lesson such as by highlighting a lesson objective and dragging it to the appropriate proficiency
level within Alignment Between Learning Objectives and Learning Standards or highlighting a
task description and dragging it to the appropriate proficiency level within nature of tasks. As 1
coded each lesson planning assignment, I recorded annotations to document my rationales for
each code. For example, on a basic code in the component of prerequisite knowledge and skills, 1
commented, “Identifies knowledge of skip counting and addition but does not invoke in lessons.”

Using my rubric and the a priori codes as a guide, I recorded at least one code
(proficiency level) for each component in the rubric. In most cases, the objectives, tasks,
prompts, etcetera, across an entire lesson or unit were similar in nature, enabling me to select
single passages of text to serve as representatives for the PSTs’ overall performance in each

component. For example, rather than code every single prompt in a lesson in which most or all
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prompts were basic in nature, I selected a representative prompt and coded it to the basic
proficiency level within nature of prompts. In some cases, the nature of a particular component
varied enough across a lesson or unit plan that I selected two or three representative portions of
text for the assignment. For example, in some of the unit plans, the nature of tasks in one or two
of the lessons were nearing proficient but in another one or two of the lessons they were basic
and/or unsatisfactory; hence the tasks in one lesson were coded to nearing proficient in nature of
tasks but the tasks in another lesson were coded to basic and/or unsatisfactory. However, every
single task in a lesson or unit plan was not coded, as this would have made the codes difficult to
interpret. For instance, if 63 basic codes were recorded under nature of tasks, it could indicate
that every PST included a few basic tasks in their lessons and units, or it could mean that a few
PSTs included a lot of basic tasks in their lessons and units. Hence, only one task that was
representative of all other tasks at the same proficiency level was coded.

I began by coding the unit plan first drafts since these would include a greater number of
instances of each rubric component (since there were three lessons in each unit plan) and hence
give me greater insight into the ways in which my PSTs’ work would align or not align with my
rubric criteria. As I coded the drafts, I noticed that I sometimes struggled to determine which
code to assign due to a lack of clarity between proficiency levels, which would have made it
difficult for another MTE to replicate my study and might have allowed bias to creep into my
findings. For example, if I struggled to decide between basic and nearing proficient, I might
choose nearing proficient for a student I knew to be stronger in mathematics and basic for a
student I knew to be weaker in mathematics rather than making my decision based purely on the

evidence in front of me. Hence, I began recording notes in my research memos on aspects of the
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rubric that required clarification and/or elaboration so that I could accurately assess my PSTs’
work with the rubric. For example, on May 11, 2021, I wrote,

I realized that the category “Real-World Significance” does not capture lessons that may

not include any real-world significance at all, which is true of some of the lessons; I also

realize, as I’'m reading Mathematician’s Lament [Lockhart, 2009], that a good math
lesson does not need to include real-world significance: it can simply be an exploration of

a mathematical phenomenon. However, there should indeed be a purpose for engaging

with the mathematics, whether it be to understand how mathematics can be useful in the

real world or to understand underlying mathematical principles.

To be sure, the Standards do not require that every single math problem be embedded in
a real-world context. This realization prompted me to adjust both my original criteria for the
component of significance as well as its name, which was originally titled real-world
significance. Instead of requiring that lessons “incorporate interdisciplinary and/or real-world
scenarios that aptly illuminate mathematical concepts and naturally lend themselves to
modeling,” I adjusted the criteria to “incorporates mathematical or real-world scenarios that aptly
illuminate concepts and naturally lend themselves to modeling.”

After coding all the unit plan first drafts, I revised my rubric in accordance with my
memos and developed a codebook to illuminate each proficiency level of each component (see
Appendix B). The codebook includes a column that aligns each component of the rubric with
specific outcomes from the Standards and the Danielson Framework; a column that describes the
forms of “access” to master knowledge and skills that was provided to PSTs with respect to each
component (e.g., specific readings or activities); and two columns providing examples for each
code adapted from my PSTs’ actual lesson plans. For each component, I selected a specific

example directly from a PST’s lesson, which reflected a particular proficiency level; to illustrate

each of the other three proficiency levels, I described in italics ways in which the example would
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have had to be different to meet the criteria for each of the other three levels. This level of detail
enabled me to evaluate my PSTs’ lesson plans with greater accuracy and consistency, thereby
reducing the potential for bias to influence my analysis.

After revising my rubric and developing the associated codebook, I started my coding
process again from the beginning, recoding the unit plan first drafts, then coding the unit plan
final drafts and finally coding the IEFA lesson plan first and final drafts according to my refined
delineations. The rubric included in Table 1 is the final, refined version of the rubric that aligns

with the codebook and that was utilized to complete this first cycle of coding.

Second Cycle Coding

After coding my PSTs’ IEFA lessons and unit plans to gain a sense of their performance
with respect to the Standards, 1 engaged in a second cycle of coding to search for emergent
themes in their work. My findings from the first cycle of coding informed this second cycle of
coding by raising a key question in my mind: Why did so many of my PSTs achieve nearing
proficient performance but not proficient performance on final drafts of their lesson planning
assignments even after engaging in feedback and revision cycles? What seem to be hurdles for
them in achieving proficient performance with respect to the Standards?

Since the nearing proficient criteria in my rubric were the most vague of the three
proficiency levels—primarily referring to features of proficient performance that “require further
development”™—I used my second cycle of coding to explore the reasons why my PSTs’ lessons
required further development. What was missing or not fully adequate about their lesson plans?

To answer this question, I read through the annotations I had recorded on nearing proficient
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codes for the final drafts of each assignment during my first cycle of coding. As I did so, I jotted
down by hand the reasons I had indicated in my annotations for not assigning full proficiency.
For example, in an annotation on a unit plan introducing the concept of perimeter, [ wrote,
“More thought needs to be put into second lesson task with composite shapes to avoid confusion
between internal sides and external perimeter.” This comment prompted me to jot down
“concepts not clearly distinguished from related concepts” as an emergent theme. On another
unit plan I noted, “Moves to expanded form by LP3 [lesson plan 3], which is a bit rushed
considering LP1 is a first introduction to the concept of 100,” prompting me to add “concept
development rushed” as an emergent theme. On an IEFA lesson I recorded, “A couple of
possible procedures are mentioned for doing conversions and the concept of proportional
reasoning is invoked, which undergirds unit conversions, but the procedures and concept aren’t
clearly linked in an explicit way,” which links to the theme “connections between procedures
and concepts not adequately addressed.”

As I read through my annotations, I utilized check marks to indicate themes that appeared
repeatedly across the annotations. Once I developed a hand-written list of reasons why I felt my
PSTs were nearing proficient as opposed to proficient, 1 clarified the language in these themes
and created a new coding scheme in NVivo to formally code all my nearing proficient
annotations, enabling me to generate a tally for each of the emergent themes. I then organized
these themes into three overarching themes, as described in Chapter 4, where I report my

findings.
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Interview Data

After completing my first and second cycles of coding and organizing my emergent
themes, I revisited the transcripts from my interviews with the four PSTs who student taught
during the semester following their enrollment in my K-8 math methods course. In rereading the
transcripts, I searched for instances of the emergent themes within the data, highlighting
passages of text that related to the themes. I did not systematically code the interview data, using
it instead as a form of triangulation to illuminate the findings from my lesson plan analysis. For
instance, during their interviews several of the PSTs expressed confidence in teaching math at
lower grade levels but still felt uneasy about teaching upper-elementary math topics, bolstering
one of the overarching themes identified in the lesson planning data (lack of mathematical

content knowledge).

Methods for Ensuring Credibility, Transferability, and Confirmability

In their 2009 article, Berk and Hiebert lament the fact that “most [teacher preparation]
programs, perhaps even some highly effective ones, have not captured the local knowledge they
are acquiring so it can be shared with others” (pp. 337-338). In response to their call for more
shareable and systematic approaches to research on the outcomes associated with mathematics
teacher preparation, I have designed this study with credibility, transferability, and confirmability
in mind. Most importantly, I utilized a clearly delineated rubric aligned to two widely accepted
sets of standards for pre-service and in-service educators. The rubric utilizes a four-point scale,
determined by researchers to be a point range that maximizes interrater reliability (Guskey,

2015). A codebook was developed to illustrate the use of the rubric using specific examples from
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students’ lesson plans as well as to demonstrate the rubric’s alignment to the two sets of
standards. Multiple data sources were utilized for triangulation, and member checks were
conducted with the student teachers to verify interpretations of the interview data. In the
following chapter, my findings are described in detail such that the reader should feel confident

in the conclusions and areas for future research drawn from the data.
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CHAPTER FOUR

FINDINGS

Overview

In this chapter I present my research findings. In the first section, I share the outcomes
from my first cycle of coding, in which I coded the data according to the proficiency levels
delineated in the AMTE-Danielson rubric (see Table 1) and codebook (see Appendix B) to
answer my first two research questions: In what ways does the opportunity to receive timely and
specific feedback and to revise lesson plans accordingly help PSTs to better develop and apply
their knowledge and skills with respect to AMTE’s 2017 Standards? In what ways are PSTs
meeting and not meeting the Standards in their lesson planning assignments? These findings are
organized based on the rubric components, with components in which notable improvement was
demonstrated being described first (areas exhibiting notable growth), followed by components in
which performance stayed roughly the same (areas exhibiting little growth), and lastly by
components in which performance declined (areas exhibiting decline in performance).

In the second section, I describe the themes that emerged from my second cycle of
coding, in which I analyzed my first-cycle coding notes on all lesson plans coded as nearing
proficient to identify the reasons why so many lesson plans were coded as nearing proficient
rather than proficient. These findings answer my second research question: What themes emerge
from PSTs’ work on lesson planning for K-8 mathematics? To further illuminate these findings, |
conclude the chapter by sharing data from interviews with the four participants who student

taught during the subsequent semester.
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First Cycle Coding Results

Table 2 provides a summary of coding outcomes from the first cycle of coding, during

which the first and final drafts of two different lesson-planning assignments (the Indian

Education for All lesson plan and the unit plan) were coded using the Danielson-AMTE rubric

and codebook. The table conveys PSTs’ strengths and weaknesses with respect to the various

domains and components incorporated into the rubric.

Table 2. Tally of Coded References for Drafts and Final Submissions of Two Lesson Planning

Assignments
| IEFA draft | IEFA final | UPdraft | UP final
Mathematical Concepts
Proficient 1 1 4 4
Nearing proficient 8 11 12 13
Basic 7 7 4 3
Unsatisfactory 5 3 1 2
Significance
Demonstrating | Proficient 3 4 6 8
Knowledge of | Nearing proficient 11 10 13 12
Content Basic 6 6 3 2
Unsatisfactory 1 1 6 4
Prerequisite Knowledge and Skills
Proficient 0 0 4 5
Nearing proficient 2 5 4 3
Basic 12 13 11 11
Unsatisfactory 7 3 3 2
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Student Thinking
Demonstrating | Proficient 1 2 4 4
Knowledge of | Nearing proficient 5 8 5 10
Content Basic 4 6 2 2
Unsatisfactory 11 5 10 5
Alignment Between Learning Objectives and Learning Standards
Proficient 0 5 12 15
Nearing proficient 6 7 9 9
Basic 6 4 0 0
Unsatisfactory 9 5 3 3
Alignment Between Learning Objectives and Assessments
Proficient 1 7 7 7
Nearing proficient 15 9 13 13
Setting Basic 3 2 1 1
Instructional Unsatisfactory 5 4 3 1
Outcomes and Level of Cognitive Demand of Objectives and Assessments
Assessment Proficient 1 2 5 6
Nearing proficient 10 13 6 6
Basic 10 7 12 11
Unsatisfactory 1 0 0 0
Developmental Progression and Pacing
Proficient 2 4 5 6
Nearing proficient 4 5 9 11
Basic 12 11 5 3
Unsatisfactory 3 1 2 1
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Suitability of Resources

Proficient 0 3 7 9
Nearing proficient 13 13 6 8
Basic 8 5 9 4
Demonstrating
Unsatisfactory 0 0 3 1
Knowledge of
Use of Resources
Resources
Proficient 1 1 5 6
Nearing proficient 6 9 11 10
Basic 10 9 6 6
Unsatisfactory 4 2 2 2
Coherence
Proficient 1 3 3 6
Nearing proficient 15 13 12 9
Basic 5 5 4 4
Unsatisfactory 1 0 2 2
Nature of Tasks
Proficient 3 3 5 7
Instructional
Nearing proficient 8 8 12 10
Strategies
Basic 11 10 6 5
Unsatisfactory 0 0 1 1
Nature of Prompts
Proficient 0 1 4 5
Nearing proficient 4 8 14 13
Basic 6 10 4 3
Unsatisfactory 11 2 2 1




71

Table 2 Continued

Differentiation

Proficient 2 3 3 4

Nearing proficient 6 11 6 7

Basic 7 4 12 10
Advocacy and | Unsatisfactory 6 3 5 3
Equity Perspectives

Proficient 0 1 0 0

Nearing proficient 9 9 1 0

Basic 10 9 20 21

Unsatisfactory 3 3 0 0

For most components in the rubric there are a total of 21 tallies—one for each
participant—for each draft of each assignment. In some cases, a student’s work could not be
adequately captured by a single code, leading to greater than 21 tallies for certain components.
For example, in a few of the unit plans, lesson objectives were split close to evenly between two
different proficiency levels for alignment between learning objectives and assessments. In one of
the IEFA lessons, the PST incorporated a theme with great potential to challenge a dominant
paradigm, but she perpetuated another dominant paradigm (that all Native American groups are
essentially the same) by repeatedly using the generic term “Native American” throughout her
lesson; hence her lesson was coded at both the nearing proficient and basic levels of performance
under the category of perspectives. For most drafts, however, the bulk of the work met the

criteria for one specific code.
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Areas Exhibiting Notable Growth

For seven of the rubric components, PSTs made notable improvements in performance
between drafts of each assignment and/or between the first independent lesson planning
assignment (the IEFA lesson plan) and the final independent lesson planning assignment (unit
plan). I determined that improvement was “notable” if Table 2 showed that the proficiency level
at which the most assignments were coded increased by at least one level between drafts or
between assignments. For example, notable improvement was demonstrated in student thinking
because most assignments were coded as unsatisfactory on both the IEFA and unit plan first
drafts, whereas most were coded as nearing proficient on both the IEFA and unit plan final
drafts. There was also notable improvement in developmental progression and pacing because
most assignments were coded as basic on both IEFA drafts (first and final) but as nearing
proficient on both unit plan drafts. When referring to this type of between-assignment growth in
the sections that follow, I simply note that growth was observed between the IEFA lesson and
the unit plan, meaning that both drafts (first and final) of the unit plan demonstrated greater
proficiency than both drafts of the IEFA lesson.

Table 3 shows the components in which notable growth was demonstrated, including
student thinking, alignment between learning objectives and learning standards, developmental
progression and pacing, suitability of resources, use of resources, nature of tasks, and nature of
prompts. It is a reproduction of the salient components from Table 2 for easy reference. In the

sections below, I expound upon each of these components in turn.
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Table 3. Tally of Coded References for Drafts and Final Submissions of Assignments Exhibiting

Notable Growth
| IEFA draft | IEFA final | UPdraft | UP final
Student Thinking

Demonstrating | Proficient 1 2 4 4

Knowledge of | Nearing proficient 5 8 5 10

Content Basic 4 6 2 2
Unsatisfactory 11 5 10 5

Alignment Between Learning Objectives and Learning Standards

Proficient 0 5 12 15
Nearing proficient 6 7 9 9

Setting Basic 6 4 0 0

Instructional Unsatisfactory 9 5 3 3

Outcomes and Developmental Progression and Pacing

Assessment Proficient 2 4 5 6
Nearing proficient 4 5 9 11
Basic 12 11 5 3
Unsatisfactory 3 1 2 1

Suitability of Resources

Demonstrating | Proficient 0 3 7 9

Knowledge of | Nearing proficient 13 13 6 8

Resources Basic 8 5 9 4
Unsatisfactory 0 0 3 1
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Table 3 Continued

Use of Resources

Demonstrating | Proficient 1 1 5 6
Knowledge of | Nearing proficient 6 9 11 10
Resources Basic 10 9 6 6

Unsatisfactory 4 2 2 2

Nature of Tasks

Proficient 3 3 5 7
Nearing proficient 8 8 12 10
Basic 11 10 6 5
Instructional Unsatisfactory 0 0 1 1
Strategies Nature of Prompts
Proficient 0 1 4 5
Nearing proficient 4 8 14 13
Basic 6 10 4 3
Unsatisfactory 11 2 2 1

Student Thinking. PSTs made notable improvements in the category of student thinking

between first drafts and final drafts of each assignment as shown in Table 2. This stands in
contrast to the other components in the domain demonstrating knowledge of content, for which
PSTs showed little growth. Much of the growth in student thinking—for which a PST must
demonstrate an ability to anticipate an appropriate range of potential solution strategies as well as
potential points of confusion—was due to the fact that PSTs simply did not including any

references to student thinking within their first drafts of their lessons; once PSTs were reminded
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to include anticipated solution strategies and potential points of confusion within their lesson
plans, performance improved from unsatisfactory to either basic or nearing proficient
performance, with more final drafts being coded as nearing proficient than any other proficiency

level.

Alienment Between Learning Objectives and Learning Standards. PSTs also

demonstrated noticeable improvement in alignment between learning objectives and learning
standards—the only rubric component on which a majority of PSTs demonstrated proficient
performance by the end of the semester—between their first and final drafts of their IEFA
lessons as well as between the IEFA lesson and the unit plan, with most PSTs achieving
proficient performance on both of their unit plan drafts but lower levels of proficiency on their
IEFA lesson drafts. There was almost no improvement between the two drafts of the unit plan,
but since most of the first drafts were already proficient or nearing proficient, there was less
room for improvement than on the IEFA drafts.

To be proficient in this component, PSTs must establish learning objectives that align
with an appropriate grade-level standard in a clear, specific, and measurable way. For the IEFA
lessons, it appeared that many PSTs came up with a lesson idea and then looked for a relevant
standard to link it to rather than building a lesson up from a chosen standard, as most appeared to
do for the unit plan; this resulted in a lack of alignment between the standard and the lesson
objectives for many of the lessons. For example, one PST found information about the meaning
of circles to various Indigenous tribes and linked it to a fourth-grade standard about symmetry

even though symmetry was only mentioned briefly within the lesson and not mentioned at all
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within the stated objectives. Another PST came up with an idea for measuring a Chippewa canoe
and converting the measurements between inches and centimeters, pegging it to a fourth-grade
standard on knowing the relative sizes of measurements within a given measurement system
(such as inches to feet) rather than between measurement systems. Once PSTs were made aware
of the lack of alignment between their chosen standards and objectives, many adjusted either

their standards, their objectives, or both to create better alignment.

Developmental Progression and Pacing. PSTs demonstrated improvement on this

component between their IEFA lessons and their unit plans, with most IEFA lesson drafts (both
first and final) being coded as basic or unsatisfactory but most unit plan drafts being coded as
nearing proficient or proficient. However, there was minimal improvement between the first and
final drafts of each individual assignment despite feedback from me with respect to this
component.

To achieve proficiency in this component, PSTs must develop learning objectives that
reflect appropriate attention to the development progression of a concept, supporting procedural
fluency by first developing conceptual understanding. In many of the IEFA lessons, despite
setting challenging goals in their lesson objectives, PSTs covered concepts only very briefly or
not at all, emphasizing procedures and/or answers over underlying meanings. For example, one
PST—whose lesson objectives appeared to reflect a high level of cognitive demand by requiring
students to explain why a given number would be rounded in a particular way—only addressed
the explicit rule for rounding within the lesson, with no discussion of why this is the rule or why

rounding is useful. For other lessons, PSTs moved too quickly from conceptual development to
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procedural application, such as a PST who included an excellent activity on dividing up grids to
illustrate patterns associated with multiplying and dividing by powers of 10 but then quickly
moved on to a lengthy packet in which these skills were applied.

Overall, PSTs’ unit plans progressed at more appropriate paces and included more
targeted efforts to incorporate conceptual development. For most of the lessons coded as nearing
proficient, I noted that PSTs were trying to fit a bit too much into a three-day unit, but not as
much as those coded as basic. For example, one unit plan coded as nearing proficient on the
topic of solving problems with coins included too many activities, but most of the activities
focused on a similar theme (finding given totals using various combinations of coins) and
allowed for some conceptual development. In a unit plan on a similar topic that was coded as
basic, students were expected to learn to identify coins on the first day, add coins on the second
day, and subtract them on the third day, with no discussion of methods students might use to add

and subtract the coin values.

Suitability of Resources. Notable growth was observed between the IEFA lesson and the

unit plan as well as between drafts of the unit plan in terms of suitability of resources, with many
PSTs making adjustments to their drafts in response to feedback given on this component. To
achieve proficiency, PSTs must select resources that are optimally suited to the mathematical
content intended to be conveyed in a lesson or unit. The primary reason for PSTs performing at
lower levels of proficiency on earlier assignments and earlier drafts with respect to suitability of
resources appears to be oversight of relevant tools for addressing the key concepts embedded in

a lesson or unit. Drafts coded as nearing proficient incorporated a variety of appropriate tools but



78
overlooked a particularly salient tool. For example, in a unit plan on missing addends, the PST
planned to encourage the use of counters, pictures, and number bonds but overlooked number
lines as an additional resource for supporting students in identifying missing addends.

Drafts that incorporated tools that were not ideal (but not entirely inappropriate) and/or
that did not incorporate a variety of tools were coded as basic. For example, in a unit introducing
three-digit numbers, the PST planned to have students utilize a place-value mat with simple
counters to represent each place value, whereas base-10 blocks would be more appropriate. In an
IEFA lesson on solving multiplication word problems within cultural contexts, the PST only
mentioned white boards and dry erase markers as resources for solving the problems, whereas
counters, base-10 blocks, and/or multiplication charts would be helpful tools as well. Of the first
drafts coded as basic, eight included a limited number of resources, five included resources that

were not ideal for the math content, and four exhibited both of these shortcomings.

Use of Resources. PSTs performed less proficiently in use of resources than in suitability

of resources, with fewer achieving proficiency and nearing proficiency. Nonetheless, notable
growth was still observed between the IEFA lesson and unit plan. To be proficient in use of
resources, PSTs must utilize resources in support of student exploration and sense making and to
illuminate important mathematical connections while allowing students choice in how resources
are utilized when appropriate.

For drafts coded as basic, resources were not utilized to draw out or discuss important
mathematical concepts—they were simply used to solve problems, with an emphasis on answers

over conceptual development. In several of the IEFA drafts, PSTs planned to have students
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utilize beads to model addition but did not incorporate discussion that would help students to link
the beads to the concept of addition or to the specific values in an equation. On another draft, the
PST mentioned the use of various manipulatives for solving multiplication word problems in a
cultural context but did not embed any questions designed to draw connections between the
manipulatives, the scenarios in the word problems, and the concept of multiplication. On a unit
plan draft, a PST planned to have students utilize counters to solve addition problems, but all the
embedded prompts within the unit focused on final answers rather than concepts; for example,
“if you take that group of color cubes and the other group of color cubes and put them together
how many will you have?”

For drafts coded as nearing proficient, PSTs either made attempts at concept development
but their attempts were insufficient to support the intended connections, or they utilized
resources for concept development in a portion of the lesson but did not develop other concepts
embedded in the lesson. For example, one PST set students up nicely to discover the conversion
rate between inches and feet through the use of rulers but then provided no indication of how she
would support students in discovering or understanding the multiplicative process necessary to
determine how many total inches are in a 21-foot canoe. A few PSTs utilized the resources
effectively for concept development but did not draw out connections among the various
resources used. For instance, in a unit plan on equivalent fractions, the PST used a different tool
in each lesson—and used each tool effectively to develop conceptual understanding—but did not
incorporate any discussion on how the tools were related or why all of them could be used to

model the same concept in different ways.
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Nature of Tasks. PSTs also demonstrated notable growth in nature of tasks between their

IEFA lesson plans and their unit plans, with a majority of PSTs performing at the basic level on
their IEFA lessons and a majority performing at nearing proficient on their unit plans; however,
little improvement was made between drafts of each individual assignments. To demonstrate
proficiency, PSTs must design or select tasks that feature a high level of cognitive demand;
position students as the primary doers in the activity; encourage non-algorithmic thinking and
multiple solution strategies; and foster conceptual as well as procedural understanding.

In their IEFA lessons, many PSTs posed mathematical tasks that were purely procedural
in nature. While these tasks reflected worthwhile elements of Native American culture or data,
the mathematics was rudimentary, with little to no connection to concepts. For example, several
PSTs created lessons in which students generated beadwork and wrote number sentences for
their creations, but the tasks were framed as prescriptive step-by-step procedures as opposed to
opportunities for discovery, discussion, and/or reflection on key mathematical and cultural
concepts. Other PSTs simply planned to have students perform calculations based on data sets,
such as rounding population data to the nearest thousand or converting population data from
fractions to decimals to percents.

In their unit plan drafts, a greater number of PSTs incorporated more open-ended tasks
into their lessons. Students were asked to find various coin combinations to equal given totals,
decompose numbers in multiple ways, figure out the missing facts in fact families, and compare
and contrast shapes, among other cognitively challenging activities. PSTs who demonstrated
proficiency in this component designed tasks that fostered clear connections between conceptual

and procedural understanding, such as a PST who had students utilize graph paper to determine
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the surface area of various cubes and prisms and then develop formulas based on their thought
processes. For PSTs who demonstrated nearing proficient performance, a variety of small
oversights and inconsistencies resulted in this designation, in many cases related to the nature of
prompts, which I discuss next. For example, many PSTs posed a conceptually rich problem but
did not couple it with meaningful discussion that would facilitate connection between the
procedures utilized to solve the problem and the underlying mathematical concepts. Other PSTs
began their units with conceptually oriented tasks but did not refer back to these tasks or build
upon them in later lessons in their units, such as a PST who launched a unit on prime and
composite numbers with a hands-on factoring activity using beans but did not refer back to this

activity—or the use of manipulatives—in the remaining lessons of his first dratft.

Nature of Prompts. PSTs demonstrated notable improvements in nature of prompts

between their IEFA lessons and their unit plans as well as between their first and final drafts of
their IEFA lessons. It seems at first PSTs may have overlooked my lesson planning criteria to
incorporate specific prompts to solicit student thinking and generate discussion, as nearly half of
the PSTs did not include any prompts at all in their first IEFA drafts but responded to feedback
reminding them to include specific questions they could ask students during their lessons. For
this component, PSTs need to incorporate prompts that are designed to elicit information about
conceptual and procedural understanding and that encourage reflection, justification, and

connections.
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For five of the rubric components, little growth between drafts or between assignments is

evident in the data summarized in Table 4 below, which reproduces the salient components from

Table 2 for ease of reference. For these components, a few of the final drafts of each assignment

improved in performance but most assignments remained at the same proficiency level between

drafts of each assignment as well as between the IEFA lesson and the unit plan. These

components include mathematical concepts, significance, prerequisite knowledge and skills,

alignment between learning objectives and assessments, and coherence as shown in Table 4.

Three of these five components fall within the domain of mathematical concepts. Below, 1

describe the findings associated with each of these components in further detail.

Table 4. Tally of Coded References for Drafts and Final Submissions of Assignments Exhibiting

Little Growth

| IEFA draft | IEFA final | UPdraft | UP final
Mathematical Concepts
Proficient 1 1 4 4
Nearing proficient 8 11 12 13
Basic 7 7 4 3
Demonstrating
Unsatisfactory 5 3 1 2
Knowledge of
Significance
Content
Proficient 3 4 6 8
Nearing proficient 11 10 13 12
Basic 6 6 3 2
Unsatisfactory 1 1 6 4
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Table 4 Continued
Prerequisite Knowledge and Skills

Demonstrating | Proficient 0 0 4 5
Knowledge of | Nearing proficient 2 5 4 3
Content Basic 12 13 11 11

Unsatisfactory 7 3 3 2

Alignment Between Learning Objectives and Assessments

Setting

Proficient 1 7 7 7
Instructional

Nearing proficient 15 9 13 13
Outcomes and

Basic 3 2 1 1
Assessment

Unsatisfactory 5 4 3 1

Coherence

Proficient 1 3 3 6
Instructional

Nearing proficient 15 13 12 9
Strategies

Basic 5 5 4 4

Unsatisfactory 1 0 2 2

Mathematical Concepts. For mathematical concepts, more students were coded at nearing

proficient performance across the various drafts than were coded at any of the other three levels,
with almost no change in codes between the first and final drafts of the two assignments. A few
drafts moved up a level or two in proficiency but most stayed the same between drafts. To be
deemed proficient, PSTs must demonstrate a solid understanding of mathematical concepts and
their relationships to procedures within their lesson plans. For drafts receiving a code of nearing

proficient, PSTs incorporated a conceptually oriented activity but did not adequately draw out
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the concepts via appropriate questioning and discussion and/or included discussion about one
concept but not another, missing opportunities to make important connections and/or
distinctions. For example, in an IEFA lesson on probability, the PST did not clearly distinguish
between theoretical and experimental probability and the different procedures for determining
each of these values, although the general concept of probability was discussed in terms of a
real-world activity. In many of the unit plans on coins, PSTs supported student exploration and
discussion around various coin combinations that would result in given totals but did not include
discussion about methods used for calculating the totals, an important link between procedures

and concepts.

Significance. As with mathematical concepts, more students were coded at nearing
proficient performance for significance across the various drafts than were coded at any of the
other three levels of proficiency. To achieve proficiency, PSTs must incorporate mathematical
and/or real-world scenarios that aptly illuminate mathematical concepts and naturally lend
themselves to modeling. For many of these lessons, rudimentary mathematical modeling was
incorporated (such as by modeling number sentences with beads, modeling multiplicative
comparison scenarios with number bars, and modeling factors and multiples with beans) but the
modeling activities required further development to draw out key concepts, making this
component highly intertwined with mathematical concepts. For example, in an IEFA lesson on
Northern Cheyenne beadwork, a PST planned to have students model addition with colored
beads to practice applying various addition strategies taught in first grade (such as associating to

make a ten and using doubles facts). The main instruction for the activity, however, was to create
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a number sentence that reflects the beads chosen for a bracelet, with no requirement to choose
bead combinations that are ideal for particular strategies or to explain which strategy would be
ideal for a particular combination of beads (such as 7 red beads and 7 blue beads representing a
doubles fact). The nature of the task was basic (featuring a low level of cognitive demand and
emphasizing procedures over concepts), but the significance of the task was nearing proficient
for its modeling potential.

Other PSTs simply included incomplete or unclear instructions for their modeling
activities. For example, in the IEFA lesson on probability, the PST did not indicate how many
rounds of the game would be played or what students should be doing during play to ensure that

the appropriate mathematical data would be gathered.

Prerequisite Knowledge and Skills. For prerequisite knowledge and skills, most PSTs

demonstrated basic performance, which indicates that a PST either “identifies relevant
background knowledge but does not use it as a foundation to build new knowledge and skills” or
“identifies and incorporates some relevant knowledge but overlooks a fundamental concept.” In
rereading the notes I recorded during my first cycle of coding for each final draft of an IEFA
lesson or unit plan, I found that 16 of the PSTs mentioned relevant prerequisite knowledge in the
front matter of their lesson plans but did not explicitly incorporate or draw upon this knowledge
within the lessons, a requirement for proficiency. These PSTs were familiar with the concepts
and skills that formed a foundation for those addressed in their lessons but did not draw upon

them effectively within the lessons.
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In 10 of the final drafts, PSTs incorporated relevant prior knowledge in their lessons but
overlooked a fundamental concept. For example, in a lesson featuring scaled bar graphs, the PST
invoked prior knowledge of gathering and displaying data but overlooked prior knowledge of
division, a fundamental skill for creating scaled graphs. In another lesson, the PST incorporated
prior knowledge of measurement in a lesson on converting feet to inches but failed to mention or
incorporate knowledge of either addition or multiplication as a necessary prerequisite to being

able to calculate the conversions.

Coherence. For this component, most assignments were coded as nearing proficient
across the various drafts. There are several possible reasons why a draft could be coded as
nearing proficient according to the rubric criteria for this component: the theme or the flow or
the closure (or any combination of these) needed further development. Full proficiency is defined
as lessons and units that feature a well-defined, unifying theme and a logical flow, with
opportunities for reflection and closure. For the 27 drafts coded as nearing proficient, the need
for a more targeted closure was the most common reason for not demonstrating full proficiency,
with 17 of the drafts being annotated with comments related to closure.

Issues with flow were another factor in being coded as nearing proficient rather than
proficient, with 11 of the 27 nearing proficient drafts being annotated with comments related to
flow, such as having a random activity that is not directly connected to the other activities in a
lesson or unit or ordering activities in a manner that is less than ideal, such as using a video that
defines shapes to open a lesson in which students are expected to come up with their own

definitions. Issues with overall theme were less common, with 5 of the 27 nearing proficient
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drafts requiring further development of a theme that was evident but not thoroughly integrated

across all activities in a lesson or unit.

Areas Exhibiting Decline in Performance

For three of the rubric components, a decline in performance is evident in the data
summarized in Table 5, a reproduction of the salient components from Table 2 for easy
referencing. For these components, more assignments were coded at lower levels of performance
on the unit plan drafts (the final independent lesson planning assignment) than on the IEFA plan
drafts (the first independent lesson planning assignment). These three categories are level of
cognitive demand of objectives and assessments, differentiation, and perspectives, as shown in
Table 5. The latter two components comprise the advocacy and equity domain in the rubric,
suggesting that this is an area in particular need of attention. I describe the results associated with

each of the three components below.
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Table 5. Tally of Coded References for Drafts and Final Submissions of Assignments Exhibiting
Decline in Performance

| IEFA draft | IEFA final | UPdraft | UP final
Level of Cognitive Demand of Objectives and Assessments

Setting

Proficient 1 2 5 6
Instructional

Nearing proficient 10 13 6 6
Outcomes and

Basic 10 7 12 11
Assessment

Unsatisfactory 1 0 0 0

Differentiation

Proficient 2 3 3 4

Nearing proficient 6 11 6 7

Basic 7 4 12 10
Advocacy and | Unsatisfactory 6 3 5 3
Equity Perspectives

Proficient 0 1 0 0

Nearing proficient 9 9 1 0

Basic 10 9 20 21

Unsatisfactory 3 3 0 0

Level of Cognitive Demand of Objectives and Assessments. For this component, PST

performance appeared to decline between the first and last independent lesson planning
assignments, with half or more of the IEFA drafts being coded as nearing proficient but most
unit plan drafts being coded as basic. However, a greater number of the unit plan drafts were
coded as proficient than were the IEFA drafts, indicating improvement for some PSTs. That

being said, six of the IEFA final drafts and only one of the unit plan final drafts were coded as
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nearing proficient due solely to a lack of opportunity for student self-evaluation, with the
objectives and assessments otherwise meeting the criteria for proficient performance, indicating
that with the inclusion of an opportunity for student self-evaluation, quite a few more IEFA
drafts would have been proficient as well. To demonstrate proficiency, objectives and
assessments must reflect a high level of cognitive demand and be designed to elicit information
about both conceptual and procedural understanding, with opportunities provided for student
self-evaluation.

Overall, PSTs incorporated more ambitious mathematics into their IEFA lessons than into
their unit plans, resulting in a higher level of cognitive demand in the objectives and
assessments. In their efforts to showcase various Native American cultures, they aimed to have
students analyze and create patterns, solve problems involving feeding large groups of people,
figure out how much hay would be needed to sustain multiple horses over multiple days, and
graph data, among other challenging goals (however, as discussed with respect to other
components of the rubric, this higher level of cognitive demand was not successfully maintained
in the lessons’ tasks).

In contrast, in their unit plans most PSTs emphasized recognition and identification over
conceptual understanding. Many of the drafts of those who attempted to incorporate explanation
and justification into their objectives and assessments required only statements of fact or
procedures from students, suggesting that some PSTs may be conflating conceptual
understanding with verbal or written recitation of basic knowledge and processes. On four of the
drafts, I recorded notes such as, “Explain objectives emphasize ‘explain THAT’ rather than

‘explain WHY.”” For example, one PST included the objective, “The students will be able to
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explain the value of each coin and identify each coin correctly.” Another PST included the
objective, “Students will be able to explain what a fact family is,” with an anticipated answer
being, “A fact family is a group of 3 numbers that are used in related equations.” Neither of these
objectives requires students to understand significant mathematics, only to repeat information

learned in class.

Differentiation. Six PSTs improved their performance on differentiation between their

first and final drafts of their IEFA lessons in response to feedback, demonstrating improvement
between drafts of the IEFA lesson; however, performance declined between the IEFA lesson and
unit plan assignment. To demonstrate proficiency, PSTs needed to design lessons and units that
feature multiple entry points and specific supports for struggling students as well as appropriate
extensions for students ready for a challenge.

On the unit plans, PSTs’ differentiation plans were often too vague, resulting in a basic
code for this component. Despite prompting to incorporate more specific differentiation into
their units, most PSTs failed to do so on their final drafts, leaving differentiation plans
nonspecific, such as mentioning that students who finish early would be given “more challenging
problems” or “larger numbers” but not indicating what those problems or numbers would be.
Differentiation was typically the last aspect of their drafts that I commented on in my feedback
due to the organization of my original rubric (see Appendix A), so if PSTs were addressing my
feedback in the order they were reading it, they may have run out of time to incorporate this

feedback into their revisions; indeed, as related in the third part of this chapter, one of the PSTs |
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interviewed during the subsequent semester admitted to running out of time to address all of the

feedback offered on her drafts, and it is likely that other PSTs experienced the same setback.

Perspectives. PSTs demonstrated their weakest performance overall in this component,
with only one PST achieving proficiency on their IEFA lesson and only one PST achieving
nearing proficiency on their unit plan, with all other students performing at the basic level on
their unit plans. To demonstrate proficiency, PSTs must incorporate multiple perspectives and
contexts into lesson and unit plans, including those of non-dominant and historically
marginalized groups, in a way that challenge stereotypes and predominant paradigms.

Given that there was no requirement during Fall 2019 to incorporate multiple
perspectives into unit plans, it is not surprising that PSTs’ unit plans overwhelming reflected the
dominant cultural perspective. IEFA lessons, on the other hand, were designed to explicitly
incorporate the perspectives of historically marginalized groups. For IEFA lessons coded as
nearing proficient, I mostly commented in my coding notes that the IEFA component of the
lessons needed to be better linked to the mathematics and/or the IEFA component needed to be
revisited throughout the lessons and not just introduced in the beginning. For drafts coded as
basic, my coding notes commented on a lack of background or information on the Native
American data or artifacts utilized in the lessons; a tendency to lump all tribes together by
referring to data or artifacts as “Native American” rather than belonging to a specific tribe; and
the incorporation of unsubstantiated assumptions about a tribal group or groups, such as
assuming that a tribe would use Eagle feathers in jewelry without verifying whether this would

indeed be the case.
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For drafts coded as unsatisfactory, PSTs incorporated inaccurate information, in one case
utilizing color meanings from the wrong tribe and in another misinterpreting the rules of a Native
game. A third PST framed her lesson around the notion that “Natives were put onto tribal lands
by the American government,” which is an inaccurate interpretation of the treaty process that

established reservations.

Summary

In approximately half of the components of the AMTE-Danielson rubric utilized to
evaluate and code the lesson plan data, PSTs demonstrated improved performance between
drafts of their assignments and/or between their first independent lesson planning assignment
(the IEFA lesson) and their final independent lesson planning assignment (their unit plan). In
many components, PST performance remained roughly the same between the two assignments as
well as between the first and final drafts of each individual assignment, and on three
components, PST performance declined. In only one component—alignment between learning
objectives and learning standards—did a majority of PSTs demonstrate proficient performance
by the final assignment of the semester, with nearing proficient performance being the most
common proficiency level obtained by PSTs across most rubric components. In the subsequent
section, I share the findings from my second cycle of coding, in which I analyzed my annotations
on all nearing proficient codes to search for themes that might help to explain why so many of
my PSTs were able to achieve nearing proficient performance but not fully proficient

performance on their lesson planning assignments.
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Second Cycle Coding Results

Overview

In this section, I discuss the results of my second cycle of coding, in which I examined
my annotations on all nearing proficient codes of the final drafts of the lesson planning
assignments (IEFA lesson and unit plan). I chose to focus on final drafts because they
represented the best efforts of my PSTs by the conclusion of the Fall 2019 semester and I wanted
to know why, even after receiving feedback, PSTs still seemed to be struggling to achieve full
proficiency on their assignments. To illustrate and support my findings, I also share some of the
feedback I offered to PSTs on these components and compare it to the revisions that were made
on their drafts.

Table 6 identifies the themes that emerged from my efforts to look for possible patterns
in the reasons why so many components were coded as nearing proficient rather than proficient.
For each theme, the number of drafts in which the theme appeared is tallied in the column
labeled as “file” and the number of instances of the theme appearing across the various drafts is
tallied in the column labeled as “references.” For several of the drafts, a given theme appeared
more than once within the draft, hence the number of references is often larger than the number
of files.

In most cases, a theme appearing twice within a draft meant that the same issue was
linked to multiple components on the rubric. For example, in one IEFA lesson, the PST failed to
distinguish between experimental and theoretical probability in her modeling activity and simply
addressed “probability,” an oversight that was tied to elements of mathematical concepts (not

fully illuminating the concept), significance (modeling experimental probability without
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distinguishing it from theoretical probability), and use of resources (not utilizing the resources to

highlight the difference between theoretical probability and experimental probability).

Table 6. Tally of References Coded to Emergent Themes Based on a Review of Nearing
Proficient References

Files References
Not fully developed from start to finish 9 11
Expected methods or responses not specified 23 46
Adjustment to flow needed 11 12
Adjustment to numerical values needed 3 5
Adjustment to wording needed 5 5
Concept development rushed 14 19
Connections between procedures and concepts not adequately addressed 31 85
Connections between various methods or representations not adequately addressed 8 13
Concepts not clearly distinguished from related concepts 6 14
Tangential tasks or discussions included 5 6
Aspects of concepts or procedures overlooked 17 45
Useful tools, representations, or formats overlooked 21 26

There was a total of 269 nearing proficient codes across the 42 final drafts of the two
assignments (21 final drafts per assignment). There is a total of 292 references in Table 6,
indicating that for 23 of the nearing proficient codes, there was more than one theme evident in
my coding notes. Below I describe the themes from Table 6 as well as their relationships to three

overarching themes that emerged from the data during second cycle coding.
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Emergent Themes

In this section I describe each of the themes listed in Table 6 using details from my

coding notes and the final drafts to which they refer.

Not Fully Developed from Start to Finish. In nine of the final drafts, I noted that the

component could not be coded as proficient because a task was not fully developed or described.
The task included enough detail for me to feel confident that it was appropriate to the
mathematics intended to be conveyed but not in enough detail for me to know how the PST
planned to implement the task from start to finish. For instance, in one lesson plan a worksheet
was mentioned but not included in the submission, so I could only evaluate the sample problems
that were explicitly mentioned within the lesson plan; while these sample problems were fully
appropriate for the stated lesson objectives, I had no way of determining whether the rest of the
worksheet would be appropriate (alignment between learning objectives and learning
assessment). In another draft, the PST utilized rulers well to support student discovery of the
conversion rate between inches and feet but did not develop a full plan for the next step of the
lesson on determining the number of inches in a 21-foot canoe (use of resources). For three of
the IEFA lessons, the modeling activities chosen were relevant and meaningful (as opposed to
tangential or contrived) but were not described in full enough detail for me to know exactly how

the PST planned to implement them (significance).

Expected Methods or Responses Not Specified. In 23 of the final drafts, PSTs did not

specify the solution methods or responses expected from students in their tasks, discussions,
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and/or assessments. For a handful of the drafts, I coded mathematical concepts as nearing
proficient because the tasks, prompts, and other aspects of the lesson suggested a thorough
understanding of the concepts—however, without the inclusion of anticipated solution strategies
or responses, I could not be absolutely sure.

For most of the nearing proficient codes that I associated with this theme, PSTs either did
not include example solutions or responses to the planned assessments (alignment between
learning objectives and learning assessments) or did not anticipate potential points of struggle or
confusion in their lessons (student thinking). In some cases, PSTs provided expected solutions or
responses to some of the assessments but not all of them while in other cases PSTs completely
overlooked the lesson plan criteria to include example solutions expected for each planned
assessment. In a few cases, PSTs overlooked potential points of struggle that would have been
obvious had the PSTs taken the time to solve their planned problems themselves; for instance, in
a lesson on division, the PST planned to have students divide 288 by 9 with base-10 blocks,
which would be incredibly tedious given the fact that none of the place values can be split
equally among 9 groups, meaning that students would need to take steps such as trading eight

tens for 88 ones and distribute these equally.

Adjustment to Flow Needed. Drafts coded to this theme included an activity that would
be better placed at another point in the lesson or unit or that would be best removed from the
lesson or unit because it did not follow along with the flow of the other activities. As described
in my data summary for coherence in the first part of this chapter, I made comments related to

flow on 11 of the final drafts. For example, in a kindergarten unit on shapes, I recommended
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moving the Jack Hartmann videos to later in the lessons so that the PST’s activities involving

sorting and defining shapes would not be pre-empted by the information in the video.

Adjustment to Numerical Values Needed. In drafts coded to this theme, a numerical

value utilized for one of the assigned problems needed to be adjusted to better accommodate the
intended strategies. One of these drafts was the lesson mentioned above on division (in which
288 + 9 would be too tedious to solve with base-10 blocks), and another was an IEFA lesson
involving decimal addition in which students were asked to find the total price of 10 of a

particular item, which would be more appropriate for a lesson on multiplication.

Adjustment to Wording Needed. For a handful of drafts, the wording of a task or learning

objective needed to be adjusted in order to clarify the intended outcome. For four of these five
drafts, assessment problems were worded in a way that did not actually require the use of the
intended representation or tool. In two of the IEFA lessons, PSTs asked questions that were
intended to encourage students to consult graphs they had created, but the questions actually
asked for data that would only be evident from the students’ tally sheets and not the graphs. For
example, in one of the lessons, the PST instructed students to create graphs showing the total
points each student in a group had earned while playing a game in which various point outcomes
were possible depending on the distance of each of five tosses. Her assessment question designed
to gauge students’ ability to interpret their graphs asked students to determine the most common
score from among the five possible outcomes, which would be disguised in a graph of total

points earned. In two of the unit plans, PSTs asked questions intended to encourage the use of
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specific coins to solve problems but were worded in such a way that knowledge of individual
coin values would not be required. For instance, in one of the unit plans, the PST posed the
following problem: “Brady has 50 cents to spend at the bake sale. If he bought three cookies for
10 cents each and a cupcake for 15 cents, how much money will he have left over?" For the fifth
draft coded to this theme, some of the lesson objectives were worded as activities rather than
outcomes; for example, “students will explore the relationship between area and perimeter”

rather than “students will be able to describe the relationship between area and perimeter.”

Concept Development Rushed. For many drafts, appropriate conceptual development was

incorporated into a lesson or unit but was touched on too briefly to ensure that students would
fully grasp the concept. Most of the 19 components of the 14 drafts coded to this node were
related to development progression and pacing. For instance, one PST planned an IEFA lesson
involving decimal division by powers of 10 that began with an excellent activity on splitting a
whole into tenths using grid paper. Her questioning was on target with prompts such as, “What
pattern do you see? Is your answer bigger or smaller than the dividend?” However, with just one
example of dividing by a quantity less than one, students would not have the opportunity to
discern a specific pattern before moving on to a worksheet involving the application of the
intended pattern (that the decimal point moves to the right when dividing by a power of 10 that is
less than one and to the left when dividing by a power of 10 greater than 1).

In many of the unit plans, PSTs aimed to cover too much ground too quickly. In an
introductory unit plan on solving word problems with coins, for example, the PST incorporated

conceptually rich activities and prompts related to making purchases in a school store but moved
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from problems involving coin totals (addition) to getting change (subtraction) within a span of
two lessons without providing time for further practice with each separate operation. In a unit
plan on three-digit numbers, the PST planned to introduce expanded form in the third lesson after

the concept of 100 was just introduced in the first lesson.

Connections Between Procedures and Concepts Not Adequately Addressed. This was the

most significant theme that emerged from the second cycle of coding, as evidenced by a total of
85 components from 31 of the 42 final drafts being coded to this theme. Components coded to
this theme reflected efforts on the part of PSTs to link procedures to concepts, but the efforts
were ultimately insufficient to support robust connections. For many of these components, the
“why” piece was the missing link in the lessons. For example, in my annotations to my first
round of coding, I typed numerous comments such as, “suggests some appropriate division
strategies but doesn’t adequately plan to discuss why these strategies work.” PSTs designed
conceptually rich tasks and some conceptually rich prompts, but the tasks and/or prompts fell
short of supporting a strong connection between procedures and concepts.

For example, in an IEFA lesson involving division word problems, the PST challenged
students to figure out how many people would go on each of four buses if there were 96 people
attending a field trip. She included several prompts designed to encourage students to consider
the underlying concepts (e.g., “How many groups is the number being broken down into?”’) but
she did not include any questions designed to link the concept of division to the specific
strategies that she anticipated within the lesson. For example, in anticipating that students might

show four buses with 10 + 10 + 4 inside each bus, she might have asked, “Why do you have two
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tens and four ones inside each bus? What process did you use to arrive at that solution? How did
you know to divide? How does your solution process relate to the meaning of division?” My
coding notes on the draft of another PST’s IEFA lesson on a similar topic reflected similar
concerns: “Level of cognitive demand of tasks is high since students need to search for
information to solve word problems but still needs further development to draw out connection
between procedures and concepts.”

In a unit plan on prime and composite numbers, the PST successfully set students up to
understand the difference between prime and composite numbers by having them utilize
Cuisenaire rods to show the factors for the numbers 3, 4, 5, and 6. The PST then has students
factor the numbers by hand (presumably using a factor tree, although the expected method is not
specified) and writes, “The teacher will ask the class to take time and see what they notice
between the Cuisenaire rod groups and each number's factors; students should notice that the
Cuisenaire rod groups that they found are each numbers factors.” However, the PST does not
plan any prompts to ensure that students notice these connections, which may not be fully clear
to them, especially if they did not find all possible ways to decompose each number with the rods
(or recall all possible factors when factoring with pencil and paper). Indeed, the PST’s own
example solution, shown below, does not include the units cubes that could be used to show 1 as

a factor of each number; this is also an example of aspects of concepts or procedures overlooked.
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Figure 2. PST’s Visual Representation of Factors for 4, 5, and 6

In a unit plan on addition, the PST included relevant story problems such as six birds
sitting on a tree and three more coming along, as well as a variety of pictures and manipulatives
for students to solve the problems, all of which hint at the link between the concept of addition
and the counting procedures expected for finding solutions in kindergarten. However, the PST
never explicitly draws out the connection between the two. Most of her prompts in the lesson
focus on answers, with no prompts such as, “How did you know to count all of these together?
Why is this problem a putting together problem?” This PST’s final unit plan draft increased in
proficiency from her first draft in the component of mathematical concepts, which was listed as
basic rather than nearing proficient because her initial lessons did not incorporate story problems,
only straightforward addition problems such as 5 + 3, which would convey little sense of the

meaning of addition to kindergarteners.

Connections Between Various Methods or Representations Not Adequately Addressed.

For the 13 components from 8 final drafts coded to this theme, PSTs did not plan to explicitly
draw out the connections between various solution methods or representations reflected in their
lessons. While the methods and/or representations were conceptually meaningful and often

discussed adequately independent of one another, they were not linked together. For instance, in
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a unit plan on equivalent fractions, the PST incorporated activities involving graham crackers,
pizzas, and fraction strips but did not link the three representations—each of which are the focus
of a separate lesson in the unit—with questions such as, “How are the fraction strips similar to
and different from the graham crackers and pizzas? Why can we use all three of these items to
represent fractions?” In another unit plan, the PST had students create nets for rectangular prisms
in one lesson and then wrap packages in another but did not incorporate any discussion linking
the two, such as “How might your work with nets be useful in helping you think about how you
can wrap your package as efficiently as possible?” or “How is the process of creating a net

similar to wrapping a package?”

Concepts Not Clearly Distinguished from Related Concepts. A total of 14 components

from 6 final drafts were coded to this theme due to lack of precision in defining and discussing
closely related concepts. For example, in a unit plan on shapes, the PST’s anticipated criteria for
defining a circle—round with no corners or straight sides—would not distinguish it from an oval.
In another unit plan on perimeter, the PST had students generate a composite shape and identify
its perimeter but did not address the possibility that students might think all sides within the

composite shape would be part of the shape’s perimeter.

Tangential Tasks or Discussions Included. In five of the first drafts, activities or prompts

were included in the lessons that were not directly connected to the main objectives of the lesson.
For instance, in the unit plan on perimeter, the PST included a discussion about whether it was

easier to create composite shapes with even numbers of sides or odd numbers of sides, but the
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focus of the lesson was on the impact of the total number of sides and individual side length on
the overall perimeter. A much more useful discussion would have been on the impact of using
the longest side of the trapezoid (the only piece in the activity with a side length of more than

one unit) as an exterior side of the composite shape versus an interior side.

Aspects of Concepts or Procedures Overlooked. A total of 45 components from 17 final

drafts were coded to this theme. Many PSTs planned well for one aspect of a task—such as
discussing the features and purpose of a scaled bar graph—but failed to address another aspect of
the task, such as methods students might use to determine an appropriate scale for their graphs. A
number of PSTs failed to account for the process of addition in their unit plans on solving
problems with coins; while they often planned for rich discussions about, for instance, how and
why different combinations of coins can be used to represent equivalent values, they did not give
any indication of methods they expected students to use to add the coins together to arrive at

these values.

Useful Tools, Representations, or Formats Overlooked. On half of the final drafts—21

files—PSTs overlooked a useful tool, representation, or format that would have benefitted their
lessons. In most of the unit plans on coins, PSTs did not mention any tools that could be used to
help students find coin totals (due to overlooking expected methods for finding these totals).
While the other resources utilized in their lesson plans—fake coins, shopping lists, concept
maps, and catchy videos—were suitable for the units, they overlooked tools such as base-10

blocks and hundreds charts that could be used to support students in adding coin values together.
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In the unit plan on prime and composite numbers, the PST overlooked multiplication charts as a
useful tool for supporting students in identifying factors for numbers that would be too large to
model with Cuisenaire rods. In two IEFA lessons on symmetry, students would have benefited
from being provided with individual images or cutouts that could be folded as they discuss and

test for symmetry rather than just worksheets with multiple images per page.

Overarching Themes

As I examined the themes described above and considered the ways in which they might
be interrelated, three overarching themes emerged that I felt helped to explain the variety of gaps
I identified in my PSTs’ IEFA lessons and unit plans: underdeveloped mathematical content
knowledge, lack of teaching experience, and oversight of lesson planning details. Figure 3

depicts these themes and their relationships to the emergent themes discussed above.
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Figure 3. Overarching Themes and Their Relationships to Subthemes
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Mathematical Concepts. The subthemes embedded in the circle labeled “Concepts” all
suggest potential gaps in PSTs’ mathematical knowledge. For example, if connections between
procedures and concepts are not adequately addressed in a lesson, it may be that the PST does
not possess a strong enough grasp of the mathematics to do so. This overarching theme occupies

the most space in Figure 3 because it is associated both with the greatest number of subthemes as

well as the greatest number of codes in Table 6.
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The three subthemes situated solely within “Concepts” are areas in which PSTs would
not be likely to improve performance simply by having more teaching experience and/or putting
forth greater effort on lesson planning assignments. Indeed, many of the lessons achieving near
proficiency on the final drafts were quite meticulously planned but nevertheless overlooked key
concepts, connections, and/or distinctions. These oversights are closely related to the following
rubric components: mathematical concepts (proficiency requires linking procedures and
concepts); use of resources (proficiency requires illuminating important mathematical
connections), nature of tasks (proficiency requires fostering conceptual as well as procedural
understanding), and nature of prompts (proficiency requires eliciting information about
conceptual and procedural understanding and encouraging connections). All four of these
components follow similar patterns in Table 2, with greater performance on the unit planning
assignments than on the IEFA lessons and with little improvement between drafts of the unit
plan.

Other rubric components frequently coded to one or more of the three subthemes
associated with “Concepts” included coherence—due to a lack of closure on the relationship
between procedures and concepts—and level of cognitive demand of objectives and assessments.
For the latter component, PSTs made clear efforts to require explanation and justification in their
lesson plans but the emphasis was on explaining how procedures work rather than why they
work. For instance, in a unit plan on solving problems with coins, students were expected to
explain that they could use different combinations of coins to arrive at a given total but were not
expected to explain why this could be done based on mathematical principles such as

decomposition and equivalence.
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To illustrate the nature of the oversights as well as PSTs’ efforts to address them, Table 7
describes several of the first and final drafts of the IEFA lesson and unit planning assignments in
relation to the feedback I provided to PSTs in Fall 2019. As exhibited in Table 7, final drafts of
assignments often did not adequately address the feedback provided on first drafts, resulting in
most drafts remaining at similar levels of performance. While some growth is evident in the table
by comparing the descriptions of PSTs’ original drafts to the revisions, improvements were
ultimately insufficient to meet the criteria for proficient performance. In the case of one of the
IEFA lessons, the PST chose to switch topics as opposed to revise her original topic (fraction
multiplication), a strong indication that this PST lacked sufficient content knowledge to address
the feedback provided on her first draft. One other PST (not referenced in Table 7) likewise
switched topics on her IEFA lesson as opposed to revising her original topic based on the
feedback provided, adjusting her lesson from a focus on scaled bar graphs to a focus on rounding
to the nearest thousand. Copies of the first and final drafts of the lessons referenced in Table 7
are included in Appendix D. Each lesson or unit was drafted by a different PST such that no
PST’s work is included as both an example IEFA lesson and an example unit plan; this was done

intentionally to present a broad representation of the study cohort.
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Table 7. Unit Plan and IEFA Lesson Components with Insufficient Revisions Based on Feedback

amounts of the ingredients? Are the
amounts surprising to you?”).

key steps in the solution process of these
problems. I suggest solving some of the
problems for yourself to give you an idea of
where students might struggle and how to
help them work through those struggles with
appropriate questions and prompts.”

procedures and concepts, for example, “Why can we
break apart a number by place value and distribute
each place value one at a time the way [student
name] did?”

Lesson, Rubric First draft Final draft
topi F k
g:zl:(lli’ ::3 1‘17(:] component | Code Description of Draft cedbac Description of Revisions Code
Rather than address the feedback provided on
The lesson appropriately links fraction fraction multiplication, the PST completely
multiplication to scaling up a recipe, « . o revamped her lesson to focus on division with whole
P Are you expecting a procedural solution? . .
but no indication is given of correct . S . numbers, posing a scenario where 96 students need
luti £th h How does one explain multiplying fractions . .
solutions or of the methods students . to split up evenly across 4 buses to ride to the Crow
. . by whole numbers? What explanation are .
will use to solve the problems; lookine for? Cui . d Fair. Students are expected to use base-10 blocks or
Math B although manipulatives are mentioned, you ﬁ’o tlltlg lofr : ulf:niur.e rof s att?e anb ( drawings to solve the problem in a way that makes NP
concepts given the size of the numbers (feeding exce, ent oo’ for mulliplying tracions bu R sense to them, but one of the two anticipated
- won’t work for large numbers. That doesn’t . : e
Indian tacos to 10,000 people at Crow th “th 4 to help student solutions makes little sense (writing “2, 2, 2, 2, 2, 2,
Fair) and the repeated use of the term mean they can 1 be used 1o help students 2,2,2,2,2, and 2” within each of the four buses); it
“calculations.” it i understand the concepts in a way that can . lear h hv th 1 .. hi
calculations,” it is assumed students . : is unclear how or why the PST would anticipate this
direct them towards a solution. For example, - .
are expected to use the standard . . solution, whereas the other solution proposed
- - they could use the Cuisenaire rods to figure I, Py
algorithm to scale up the recipe. 5 (writing 10 + 10 + 4 within each bus) makes sense
out how many groups of % are needed to . .
given the provided tools.
make a whole number (% + % + % + % =3) - e
. . . . . . Base-10 blocks and drawings are utilized to support
The use of manipulatives (Cuisenaire and then use this information to solve for . . .
. - L student independence in solving the problem but no
IEFA lesson rods) cannot be determined from the larger numbers of people—although this will
Use of . . - S examples of how the base-10 blocks are expected to
on U lesson since no explanation or get complicated because your recipe is based L . . NP
multinlvi resources les of thei q . 2 i £ fry bread. To diff iate fi be used are provided; expectations can be surmised
plying examples of their expected use is on 2 pieces of fry bread. To differentiate for L .
. . . - . from one of the anticipated solutions but the other
fractions provided. struggling learners, you could stick with .
. solution is unclear, as noted above.
(changed to The task positions students as the smaller numbers such as creatlr}g enough fry
division with rima. (foers by taskine them with bread to feed 12 people. In reality, students The main worksheet includes four word problems
whole Nature of Is)calinryu N inn reci i with no are not expected to be able to multiply such appropriate to the context and grade level, but some
numbers) tasks NP ox lic%t ts acl%er directig o but it is large numbers by fractions.” of the numbers would be better adjusted to NP
(4™) unIc)lear what methods sn; dents are accommodate the use of base-10 blocks (e.g., 288 +
expected to use in approaching the task 9 would be very tedious to solve with these tools).
“I’d like to see more prompts in your lesson
plan that clearly target the mathematics. For
example, asking if they notice anything
interesting about the amounts doesn’t Several prompts that would facilitate reflection and
The few prompis included in the lesson necessarily focus in on key concepts in justification are included in the lesson such as,
are irrelegant t[()) the important fraction multiplication. Consider what “How many groups is the number being broken
Nature of mathematics in the les slz) n (c.g., “Are questions you will need to ask so that down to? How do you know?”” However, prompts
promps U there large differences betwégﬁ’ the students are sure to discuss and understand are needed to facilitate connections between NP
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IEFA lesson
on decimal
addition

5"

Math
concepts

Students practice adding and
subtracting decimals by finding price
totals and differences for various parts
of a bison. Emphasis is on lining up the
decimals properly with no discussion
of why this is the procedure and how it
relates to underlying base-10 concepts
even though the chosen standard is to
“add, subtract, multiply, and divide
decimals to hundredths using concrete
models or drawings.”

Use of
resources

Resources are limited to images of
various bison parts labeled with their
prices and do not help to illuminate
connections between procedures and
concepts.

Nature of
tasks

Tasks are limited to finding totals and
differences using the standard
algorithms for adding and subtracting
decimals.

Nature of
prompts

Prompts emphasize answers and
procedures (“What if we line it up this
way? What is 5 + 5...okay now what
do we do next?”).

“Can you incorporate some discussion
questions to get students to explain why we
want to line the decimal up when adding or
subtracting decimals? They should be
encouraged to invoke their relevant
background knowledge on base-10 place
values and fractions (not lining the decimals
up could result in adding decimals with
unlike denominators: for example, not
correctly lining up 3.14 and .54 could result
in adding 4/100 + 1/10). How can you make
this type of reasoning a more explicit focus
of the math lesson so that students
understand WHY we add decimals the way
we do? I think you would also want to have
play money on hand for struggling students
to be able to work with. This could help them
make the connection between the need to line
up the decimals since the dollar bills reflect
quantities on one side of the decimal point
and the coins reflect quantities on the other
side of the decimal point.”

The emphasis on the final draft remains procedural,
with students expected to use the standard algorithm
to add and subtract decimals. However, the PST
added a few additional discussion questions
designed to help students recognize that the
decimals must be lined up because of place value,
although place values are not modeled or discussed
in further detail once this answer is provided.

NP

Resources are still limited to images of various
bison parts and their prices and do not help to
illuminate connections between procedures and
concepts.

Tasks are still limited to finding totals and
differences using the standard algorithms for adding
and subtracting decimals.

PST added more conceptually oriented prompts
including, "Why did you line up the problem this
way? Why is it important to line up the decimals? If
we don't line up the decimals what do you think
would happen?”” and “What do you remember about
place value?” More are still needed to facilitate
connections between concrete models/drawings and
the standard algorithms.

NP
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IEFA lesson
on unit
conversions
between
measurement
systems

(6"

Math Students are given accurate conversion
concepts letgsi::ﬁlezg él}zgfzggi:ee?;rl?ee;eﬁ th PST added one aqticipated solution strategy for the
converting the average heights of very first conversion in the lesspr} (co‘r‘lvertmg 10
various people groups from centimeters cen timeters _to inches) by e_xplalmngi _Students
to feet to discover that Plains Indians mlght use dlfferer}t strategies for division Sl,l,Ch as
NP were the tallest people on record in the “If you can anticipate more than one way ?&Eﬁg%égé;gi lwn:;eg;gltligfp(;ft‘jd.se\(}:rslhtisc;ugfloshe NP
late 1800s. Students are expected to students might solve the conversion lanned to have the students share the different
consider how their knowledge of ratios | problems, how can you draw this out in Strate ies that they came up with. Cross multiplyin
can help them figure out the discussion so students can compare and menti%)ne d as prio}; knowlel()ige in. the beginninré }(; £ £
conversions (as opposed to being given | contrast multiple solution methods? For lesson but not linked to the strategy suggested
a particular method), but it isn’t clear example, some students might recognize that above EY sugg
what method(s) the PST is anticipating | since | in. = 2.5 cm., then every 10 inches = ’
students might use. 25 centimeters, so they might use a 10:25
Use of Conversion tables are used to support ratio to solve the problems instead of a 1:2.5
resources student exploration and discovery of ratio. Others might recognize that 1:2.5 is the
methods for converting between same as 2:5 and use that ratio to solve the P ting (see below) and f /i
measurement units but there is no problems. I suggest working through the rompling (e¢ below) and use of supporing
NP prompting to support students in problem yourself in a couple of different resources lsﬁtﬂ.l lfnSUfﬁc.lem tohs uppg)lrt Smder{ts m d NP
connecting the information in the tables | ways to help you both with the anticipation connecting i ¢ information in the tables to ratio an
to their knowledge of ratios or fo other | component (anticipating potential proportional reasoning concepts.
resources that might be helpful such as | misconceptions or points of confusion) as
rulers or bar models. well as with the discussion prompts you
Nature of Students are given freedom to discover | might include in your lesson plan.”
bl ovn il o comring e Prompin s o) s o sporing
. L . resources is still insufficient to support students in
NP via questioning or supporting . . . . NP
resources (such as rulers or bar discovering their own methods for converting the
models) to ensure that students are able measurements.
to do this successfully.
Nature of PST added that she would also remind students of
prompts cross-multiplying, which inadequately addresses the
“Reminding [students] of prior work on need fo_r prompting that will he.lp students to )
. ) ) ratios and proportions is one good prompt. recognize that they can use their knoxyledge of ratios
No specific prompts are included in the How else mieht vou promot them if that to help them convert measurement units. Other
lesson, although a few can be surmised reminder do e%s n’zhelg the 151 2 What might you prompts added to the lesson plan would facilitate
U from the lesson description (e.g., “I will remind them about ratios and proportions to critical thinking and connections (e.g., “What do NP

remind students of their prior
knowledge about ratios to prompt
thinking”).

jog their memory more? In developing
appropriate prompts, you’ll want to think
about the ways that students might solve this
problem.”

you already know about converting that might be
useful here? How did you convert 10 centimeters to
inches? Can you use that here?”), but without key
prompts designed to support students in their very
first conversion in the lesson (10 centimeters to
inches), these prompts will be insufficient.
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Unit plan on
shapes (K)

Unit includes several activities that will
help children to link definitions and
concepts, such as sorting and
distinguishing shapes and identifying

“For lesson 1, how would you expect
students to describe a circle? What would an
accurate response sound like from a

PST added potential student descriptions of circles
(“round,” “looks like a ball”’) and removed the

Math NP shapes in the classroom (e.g., a door is kindergartener? You mention that rectangles deﬁmtl_on ofa re_ctangle as tWO. long sides and two NP
concepts . . - . S short sides but did not replace it with any other
a rectangle). Circles are not explicitly have different side lengths but this isn’t o o
N . . . description, so it is unclear whether the PST knows
defined within the unit. Rectangles are always true since a square is actually a
. R ? - how to define a rectangle.
inaccurately defined as having two long | special type of rectangle.
sides and two short sides.
Resources are used to support non- “Art projects are fun and important in One art project was unrevised (students are still
algorithmic thinking and sense-making | kindergarten, but they take up the bulk of the | instructed simply to create a drawing using 3 circles,
in sorting and modeling activities but time in two of your lessons. If you are going 3 triangles, and 3 squares); to the other project (in
Use of are used in prescriptive and non- to use art projects, then there should be a which students are simply instructed to “make an art
P/B . R . . . R PRI P/B
resources mathematical ways in art projects, clearer mathematical focus of the art projects. | project”) the PST added the explanation, “I will be
where students are simply instructed to | Can you make the instructions such that including multiple other shapes on the traceable
use specified shapes to make “an art students really have to prove their knowledge | page. This way the students have to really think
project” or “drawing.” of the shapes and apply them in a more about the shapes that we have been learning about
meaningful way? Can you connect the art and pick out which ones they are.” After students
. . projects to discussions about the similarities finish this project, PST added questions that should
Similar to use of resources, sorting task - . . . .
. . . and differences among the shapes and the instead form part of a discussion prior to the art
and modeling task (in which students . . - .
. L ways in which they are used in the real project such that students use the shapes for more
Nature of create triangles by linking pretzels and . «
P/B - world? Where do we see these shapes? What | purposeful modeling (e.g., “Now that you know P/B
tasks marshmallows) feature a high level of . . . s . . . .
. . kind of real-world items could we ‘model what a triangle is and what it looks like, can you tell
cognitive demand but art projects do S . . ;
ot meaninefully connect fo concents with triangles and circles and why are the me things that you have seen that are triangles? Why
meltully pis. triangles and circles appropriate for this real- | do you think that they are in this shape instead of
world item?” another shape?”).
Several prompts included that I’d like to see more questions in your -
RS . lessons focused on important mathematical «
encourage reflection, justification, and . . . PST added several prompts such as “Can you tell
S [ . ideas. I like your question about how a R X
connections such as “which objects . . . me things you have seen that are circles? Why do
. » triangle and a circle are different. What other . o X
around the classroom are circles” and . . you think that they are in this shape instead of
Nature of « . . . conceptual questions can you ask students in »s . . .
NP explain what they built and why it is a . S another shape?” but still overlooking a few crucial NP
prompts your various lessons to get them thinking

triangle” but more prompts are needed,
especially to support connections and
reflection with respect to the art
projects.

about and articulating key ideas about shapes
as opposed to simply gluing shapes together
to make a random creation?”’

prompts such as “What makes the shapes in this
column different from the shapes in this column?”
during the sorting activity.
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Unit Plan on
Fact
Families

(1%

Unit sets students up to discover and
define fact families for themselves by

“It will be important for students to be able to
explain WHY there are four equations in a

PST added two prompts to lesson 2 designed to
discuss why there are four facts in every family
(“Do fact families always have 2 addition and 2
subtraction problems? Why or why not?”) but gave

Math NP having students “notice and won@er fact family and to explore and explain the no indication of the answer to these questions or NP
concepts about related facts but does not discuss Y p p d
P why there are alwavs four facts in cach relationships between the addition and supporting prompts that could be used to guide
facz famil Y subtraction facts within each family.” students toward the answer (e.g., “Is there any other
¥ number sentence you could create with these three
numbers?”).
“You mention the use of manipulatives but
Students are prompted to model fact do not give any indication of how students
families in ways that make sense to might use these manipulatives to explore and
Use of NP/U them without explicit instruction from explain the relationships within each fact Anticipated use of manipulatives is still not depicted NP/U
resources the teacher but anticipated use of family. How would the manipulatives be or described.
manipulatives is not depicted or used to illustrate these relationships? Try
described. using the manipulatives to do this yourself
and see what you notice.”
Tasks position students as the primary
g;ir;rﬁ?gtlf;?sgs?ﬁd t\‘:: :tlsldz?erfi’n own “What manipulatives or tools would be best
fact familgies) but ire o t’ full J [for your modeling tasks]? How should they PST added that students would be able to come up
developed. especially in terrrf,s of the be used to best highlight the fact family to the projector and show their models and discuss
Nature of mo delirr)l t’askI; as inﬁicate 4 under use relationships? How can you be prepared to the methods they think “would work best” but still
tasks NP of resourgces In some cases, fact guide students to use them appropriately so no indication of what the models would look like or NP
. ’ o they don’t end up confused? These should how the PST could guide them during exploration.
families to be modeled and/or y P & & exp
discussed are not specified (e.g., “Twill probably be used on day 1 to answer key Some fact families to be modeled and/or discussed
write a couple of f oblems w;gt'};e questions such as why there are four facts in are still not specified.
board”) P p the opening activity fact family.”
Prompts are used throughout the unit to
stimulate student thinking and
d‘tscusswn but are sometimes vague Your lbessons could use more spec1ﬁ§ ) No additional prompts added to guide struggling
(“What do you already know that might | discussion prompts geared toward guiding . .
N . . . students (these prompts are still vague). PST did add
Nature of NP be helpful here? What assumptions struggling students and towards drawing out two prompts desiened fo discuss why there are four NP
prompts might we make?”) and do not include key ideas, such as WHY there are four facts promp en U

prompts designed to foster
understanding of why there are always
four facts in a fact family.

in each fact family. How do we know this
and how do we show this?”

facts in every family as noted above with respect to
math concepts.
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Unit plan on
prime and
composite

numbers

(4111)

PST accurately defines prime and
composite numbers and incorporates a
conceptually oriented activity involving
using counting beans to factor several
numbers into equal groups (although he

“It is unclear how you expect students to
factor the given numbers. There is a strong
emphasis on answers and not so much on
how those answers were achieved. What

gf)érlltchep s NP ;S;ZSIii)yclll;::igilizr;nase;;;e or methods were used? How do we show PST updated the instrgqions for the conceptually NP
composite. Remaining tasks rely on factors? How do we knc?w for sure these are oriented factoring activity to ﬁnq how many equal
pencil-and-paper factoring (presumably the factors?_ tht does it even mean to groups can be formed with the given ‘numbers and
using factor trees, although this is not factor? While I hke_ your attempt tovhave switched counting beans for Culsenalrg rods; PST
stated) without making connections to students e;xplore prime and composite also added example solutlons. for showing the_
the opening task with beans. m_lmbers in lesson 1 and to notlc; the _ factors of 3, 4, 5, and 6 but did not use the unit
Beans are used (0 make connections dlft'“er'enges between them on their own, this _ cubes t0. show the factor of 1 for each va}lue.
between physical representations of activity is not set up appropriately. F or one, it Cu%se_nalre rods were also 1ncqrporated into another
prime and composite numbers and the doesn’t draw on students’ supposed prior activity as well as the centers in lesson 2, although
written definitions but their use is kn'ov'vledgevof faptonng. It COULD draw on some of the values they are to be used for are quite
. . . . this if specific discussion questions were large (13, 21, 37, and 49). A number of the expected
insufficiently described, with no . . . D e
Use of NP examples of expected solutions. mclude('i to help students' make appropriate solut10n§ within the unit still imply a lgck f’f ' NP
resources Physical tools are not mentioned in the connections between spthmg bears into connection to the tools gugh as “We think it’s prime
rest of the unit but would benefit equal groups and vyhat this has to do with because it can onl){ be .d1v1dejd by itself and one”
several of the center activitics factoring. Alternatively, Culsenalre rods rather tha.m “We think it’s prime lf)eca}use the 0r}ly
described in which students sort and could be used or even grid paper. These types other Cuisenaire rod thgt can divide ‘1t equally is the
justify prime and composite numbers of toqls should be incorporated more unit cube.” One task still a timed prime vs.
- — meaningfully throughout the unit to help all composite activity (technically final rubric shows P
Bean task requires further elaboration students develop a concrete understanding of | and B designations).
and use of proper terms (equa} rather the difference between prime and composite
Nature of than even) as we.l las connecF 1ons to numbers and to provide students with a
NP/U | other tasks in unit; one task involves . . NP/U
tasks o L j referent for their conversations about these
timing students abflzty ?‘0 determine types of numbers.”
whether a number is prime or
composite (U).
PST added several more prompts to the unit,
including “Why did you/your group decide this
number was primer or composite? How does its
Prompts encourage justification and factors/factor Pairs inform this conclusion? Did any
Nature of connections (e.g., “How did your pod “What guiding questions can you ask to help groups get a different answer?” However, more
NP . e rompts are still needed for the opening activit NP
prompts decide that 3 is a prime number?”) but them understand key concepts?” promp pening Y

are few and far between.

with Cuisenaire rods where the PST simply states,
“students should notice that the Cuisenaire rod
groups that they found are each number’s factors”
without asking any questions that would help to
facilitate this connection.

Note. Portions in italics represent elements of a unit plan that were included in my coding annotations as reasons for not assigning full

proficiency but were not explicitly addressed in my feedback to students during Fall 2019.
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As revealed in Table 7, PSTs made concerted efforts to improve their assignments based
on feedback, in most cases making changes that improved the quality of their lessons. However,
these improvements were not sufficient to satisfy the criteria for proficiency in the rubric
components most closely associated with mathematical content knowledge. Understanding why
and how mathematical procedures work seems to be one of the biggest challenges for PSTs. In
most of the IEFA lessons and unit plans referenced in Table 7, PSTs were unable to incorporate
satisfactory links between procedures and concepts, defaulting to incomplete explanations that
relied heavily on previously learned rules and definitions. For example, in the unit plan on prime
and composite numbers, the PST developed incomplete models using Cuisenaire rods (omitting
the units cubes for a factor of 1) and relied on previously learned definitions to generate expected
justifications for prime and composite numbers rather than relying on explanations that would
arise from proficient use of the tools (e.g., “it’s prime because it can only be divided by itself and
one” rather than “it’s prime because the only other piece that will divide the number into equal
groups is the unit cube”). In the unit plan on fact families, the PST did not even attempt to
develop visual models for the fact families and only added prompts—but no anticipated
responses—as to why there appears to be four equations in a fact family.

In the IEFA lesson on measurement conversions, the PST struggled to come up with
anticipated prompts and solutions that would clearly link knowledge of ratios and proportional
reasoning to measurement conversions, instead vaguely mentioning “cross multiplying” along
with one potential solution strategy that did not involve discussion of how or why splitting a 10-
centimeter segment into equal groups of 2.5 relates to the ratio 2.5 centimeters to 1 inch. In the

IEFA lesson on fraction multiplication, rather than attempt to address the feedback provided to
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her, the PST abandoned her original lesson plan and opted to focus on whole-number division
instead.

Although it is possible that my feedback was misunderstood, I would submit that for
most PSTs the lack of adequate revision is more likely indicative of weaknesses in content
knowledge. As shown in Table 2, PSTs were able to demonstrate significant growth and
proficiency in response to feedback on rubric components that require minimal, if any, content
knowledge (e.g., alignment between learning objectives and learning standards and suitability of
resources), indicating an ability to comprehend and apply feedback. It is possible to write
objectives that align with given standards simply by replicating the language within the standards
themselves without understanding the mathematics incorporated into them. Likewise, a PST can
easily choose a relevant resource—especially when I provide explicit feedback recommending
particular tools—whereas using a resource appropriately requires a deep understanding of the
content.

Another indication that lack of mathematical content knowledge is at play is the fact that
PSTs performed less well overall on their IEFA lessons in the rubric components of
mathematical concepts, use of resources, nature of tasks, and nature of prompts, as exhibited in
Table 2. On their IEFA lessons, PSTs attempted more ambitious mathematics, choosing higher
grade level content and more advanced concepts such as fraction multiplication and probability
but achieved lower proficiency levels than on their unit plans. On the unit plan assignment, more
than half of PSTs (13 out of 21) chose grade-level standards from grades K-2; only five PSTs

chose grade-level standards above third grade. In contrast, on the IEFA lesson, only six PSTs
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chose grade-level standards from grades K-2 and 13 PSTs chose grade-level standards above

third grade.

Teaching Experience. Not all gaps in PSTs’ lesson planning assignments are linked to

mathematical knowledge alone. The subthemes associated with the circle labeled “Experience”
are areas in which I would expect PSTs to perform significantly better with more teaching
experience. Most of these subthemes fall at the intersection of “Concepts” and “Experience”
because they will likely be addressed through a combination of both improved content
knowledge as well as greater teaching experience. For instance, recognizing that certain
numerical values will result in tedious work comes both from witnessing their pitfalls as students
struggle with them in real time as well as from gaining a stronger grasp of the mathematical
material (adjustment to numerical values needed). As someone with a deep knowledge of
division, I can instantly recognize that 288 + 9 would be a tedious problem to solve using base-
10 blocks without ever having taught division to third-grade students. I know that none of the
partial addends (200, 80, or 8) can be split evenly into nine groups, which will result in
repeatedly regrouping the base-10 blocks such as by trading in 8 tens for 80 ones and then
distributing all of those ones into 9 separate piles. Because of my content knowledge, I do not
need to watch students spend hours working through this problem to know the outcome—but |
would quickly learn to think more carefully about the numbers I choose if I were in a classroom
where I assigned this problem but did not at first possess the requisite level of content

knowledge.
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Likewise, recognizing that the wording of a problem will not produce the intended
outcomes or methods is something that would result from a combination of experience and
increased content knowledge. In a real classroom with real students, | would eventually come to
realize that asking my students to identify the most common outcome (as one of my PSTs asked
in her IEFA lesson) from a graph that only displays the sum of outcomes for each group rather
than each individual outcome would result in my students consulting their tally sheets rather than
their graphs. If I did not possess the requisite knowledge of graphs to recognize this when I
planned my lesson, experience would fill in the gap.

The subtheme concept development rushed—associated almost exclusively with the
rubric component developmental progression and pacing—stands alone within the broader
theme of “Experience” rather than at the intersection of “Concepts.” Knowing how to
appropriately pace the introduction and development of a new concept is a skill that can only be
learned through experience working with real children and adolescents. While PSTs can study
learning trajectories, this knowledge has more to do with understanding child development than
with understanding mathematical content. Since my PSTs are accustomed to taking college
courses in which new topics are often introduced in each subsequent class period they attend,
they tend to assume children will likewise quickly move from one topic to the next, such as
learning the coin values on one day, adding them the next day, and then subtracting them on the
third day, as one of my PSTs anticipated in her unit plan draft. In response to feedback she
received from me on indicating that she was moving too quickly through the material, the PST
adjusted her final draft to assume prior knowledge of coin values but still proceeded through

both adding and subtracting coins within three days, overlooking the need to slow down and
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discuss methods students would use for finding sums and differences of coins, seemingly
assuming students would automatically transfer their knowledge of two-digit addition and
subtraction to do so. While this PST’s content knowledge of coins and their use was sufficient as
indicated by the questions she asked and the scenarios she posed in her unit plan, her knowledge
of children’s developmental needs was not. With an opportunity to test her plan in a second-
grade classroom, this PST would quickly realize that her unit was too ambitious and would need

to proceed at a slower pace.

Details. This circle encompasses subthemes that indicate a lack of sufficient detail in
PSTs’ lessons and unit plans. Since a lack of sufficient detail in describing the implementation of
a task and/or the concepts and procedures associated with it might also indicate that PSTs did not
possess the requisite content knowledge to adequately plan the task, not fully developed from
start to finish falls at the intersection of “Details” and “Concepts.” The subthemes at the
intersection of all three circles—aspects of concepts or procedures overlooked, useful tools,
representations, or formats overlooked, and expected methods or responses not specified—
suggest either that PSTs were not thorough in planning out their drafts (“Details™); did not
possess the requisite content knowledge to incorporate all key tools, representations, formats,
and/or anticipated responses (“Concepts”); or did not have enough teaching experience to be
fully prepared for these aspects of lesson planning (“Experience”).

Most of the lesson plan elements coded to the subthemes at the intersection of all three
overarching themes were associated with the rubric components student thinking, use of

resources, and alignment between learning objectives and assessments. Each of these
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components require providing examples of anticipated solutions and responses, which many
PSTs did not include in their lesson plans.

Although there are no subthemes that fall solely within the broader theme of details, my
experience working with PSTs suggests that lack of diligence in completing assignments
according to the full set of criteria is likely a significant factor—along with insufficient content
knowledge and lack of teaching experience—in PSTs not achieving full proficiency; hence, it is
included as a separate, albeit smaller, theme within Figure 3 despite the fact that no subthemes
are uniquely associated with it. Indeed, as related below on my findings from the one-on-one
interviews with PSTs who student taught during the subsequent semester, my students do not
always have or set aside sufficient time to complete their assignments to the requested level of

detail.

Relationships Between Overarching Themes and Rubric Components. Figure 4

summarizes the rubric components most closely associated with each of the overarching themes.
According to my annotations on all nearing proficient codes from my first cycle of coding,
mathematical concepts and nature of prompts appeared to be the most salient components among
those associated solely with “Concepts.” The reasons why my PSTs were unable to demonstrate
proficient performance in the other four components associated with “Concepts’ most frequently
had to do with the fact that PSTs did not possess deep enough content knowledge to ask
questions that would establish high-level learning objectives; ensure closure on key
mathematical ideas (embedded in coherence); connect procedures to concepts via the use of

resources; and draw out underlying concepts from tasks. These other components were all solidly
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on the right track in terms of setting students up for meaningful mathematical learning but
needed to be better supported by more targeted questioning. For example, in the IEFA lesson
included in Table 7, the PST designed an excellent task for students to convert measurement
units, with the intention that students would come up with their own strategies based on prior
knowledge, but the PST did not seem to clearly understand how one would apply a basic ratio (1
inch = 2.5 centimeters) to convert other centimeter lengths to inches using methods other than
cross multiplying, meaning she could not develop appropriate questioning to guide student
thinking and discussions. Without this questioning, the implementation of the task was not fully

clear and the closure did not successfully tie together multiple potential strategies.
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Figure 4. Overarching Themes and Their Relationship to Rubric Components

Concepts

hizthematiczl concepts

Lewvel of cognitive demand of
abjectives and assessments

Coherence

Cohsrence

Uze of resources

Experience

Mature of tasks

Developmental
progression and pacing

Student thinking N of
ature of prompts

Alignment betwesan learming objectives
and assessments

Uze of resources

Significance

The rubric components related to “Experience” (both individually and at the intersection
of “Concepts”) were primarily concerned with lesson pacing and sequencing. Without much
experiencing teaching mathematics to K-8 students, my PSTs often proceeded too quickly
through concepts, assuming a single lesson, task, or discussion would result in sufficient
understanding on the part of students. They also sometimes sequenced lessons in ways that

would not optimize concept development, such as by inserting tangential tasks or discussions

into otherwise coherent lessons.



122
Rubric components at the intersection of all three overarching themes almost exclusively
had to do with PSTs not providing adequate indications of expected solution strategies or
responses. While assessments may have been designed well and resources chosen appropriately,
examples of satisfactory work and explanations were often overlooked, either due to lack of
attention to details, lack of experience with student thinking, and/or lack of sufficient

understanding of the underlying mathematical concepts.

Insufficient Feedback

It is important to note that a lack of full proficiency on lesson and unit plans is not solely
a result of gaps or inadequacies in my PSTs’ knowledge and experience. As indicated by the
italicized elements in Table 7, in some cases I failed to provide feedback on lesson components
that would have benefitted from revision according to the annotations I made on PSTs’
assignments during my first cycle of coding. Because the rubric I utilized for this study was more
comprehensive than the rubric I utilized during Fall 2019—having updated my original rubric to
incorporate the AMTE Standards to help me answer my research questions—I overlooked
certain elements of PSTs’ lesson plans in the feedback I provided to them. One student in
particular would have likely achieved proficiency in nearly all aspects of her unit plan had I
provided feedback on her first draft encouraging her to support students in making connections
across the various representations included in her unit plan on fraction equivalence. She included
a variety of appropriate formats in her unit plan (graham crackers, fraction strips, pies, and

pizzas) and utilized all of them accurately but did not incorporate any discussion relating the
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various formats to one another, an oversight that resulted in a designation of nearing proficient
performance in use of resources and nature of prompts.

On about half of the drafts, I failed to provide feedback related to prerequisite knowledge
and skills that PSTs overlooked, likely because this component was embedded in the overall
domain of demonstrating knowledge of content, for which there were often more pressing issues
I needed to address in my feedback (such as assuming a scaled bar graph implied rounding the
data to the nearest thousand rather than using a scale other than 1 on the y-axis). Since my
domains were not partitioned into distinct components in my original rubric, I sometimes
overlooked elements of the domain that were less pressing than others. However, given that
incorporating prerequisite knowledge and skills effectively into a lesson or unit requires strong
content knowledge, I suspect that even with greater feedback on this component, most PSTs
would not have achieved full proficiency.

One rubric component—coherence—included criteria that was not in my original rubric:
“opportunities for reflection and closure.” Not including this criterion for lesson planning in my
original rubric was clearly a major oversight on my part, and because it was not included I did
not leave feedback related to closure on my PSTs’ drafts. It is possible that more PSTs may have
achieved greater proficiency in coherence had this not been the case. I provided no feedback
related to closure during Fall 2019, yet for nine of the IEFA final drafts and two of the unit plan
final drafts, this was the only reason that PSTs did not achieve proficiency in coherence.
However, given my PSTs’ struggles to adequately link procedures and concepts in their lesson

plans, it is likely that even with feedback indicating their oversight of sufficient closure, many
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would have still struggled to incorporate satisfactory closure on the mathematical concepts

incorporated into their lesson plans.

Supplementary Data: Interviews

The data from the one-on-one interviews conducted with four of the PSTs from the Fall
2019 cohort bolsters the overarching themes identified above. Three of the four PSTs identified
themselves as needing to develop stronger content knowledge in mathematics (mathematical
concepts); all of them indicated that they felt they would learn more about math instruction once
they were in their own classrooms (teaching experience); and one of them admitted to not
adequately revising an assignment because she ran out of time (details). None of the data

contradicted these themes or suggested other notable themes.

Mathematical concepts. During each interview, I asked each PST how confident they felt

about teaching math in their future classrooms. In their responses, three of the PSTs admitted to
feeling weaker in math than in other subjects (the fourth PST identified math as her strongest
subject). For instance, one of the PSTs acknowledged, “overall math can be a little intimidating
for me, and um, more so at those higher grade levels.” Another PST reflected, “I don’t think of
myself as being fully trained in math; I still have a lot to learn. But I’'m a lot less scared of it
now.” Even the PST who felt that math was her strongest subject admitted to gaps in her
knowledge with respect to use of resources: “I feel confident in the story problems and I feel

confident in, you know, being positive. But manipulatives can sometimes—truthfully the first
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time I worked with manipulatives as much as I did was in your class. [...] It will take a little bit
of getting used to.”

When asked about the feedback that was provided to them on their assignments, none of
the PSTs indicated that they did not understand the feedback, lending support to my hypothesis
that gaps in content knowledge—as opposed to not understanding feedback—was the most likely
contributor, along with lack of teaching experience and lack of attention to details (discussed
below), to less-than-proficient performance on final drafts of my PSTs’ assignments. The PSTs I
interviewed made statements such as,

I was frustrated when I got the feedback. I was like, “Ah, are you kidding me? I thought
this was great!” And then I spent a long time fixing it. And after—while I was doing it—
no one likes to do all that work, so you know? But now I feel pretty thankful that I put in
all the work because I feel like I learned a lot from it.

Another PST echoed the reflection above:

I feel like it was good because those are the questions that we need to ask ourselves and
it’s good to have somebody ask those questions before we have a lesson flop because
now, [ mean, I really haven’t had a lot of lessons flop and I think it’s because I was
prepared so much with those detailed lesson plans. But it just sort of, you know, once you
get into actually teaching and making lesson plans for the whole day and every subject,
you’re like, “That was a lot of work” that, you know, you want to say, “That was so
unnecessary.” But at the same time, we learned from it, you know? So your feedback was
great because it gave us—it made us think about, “Oh, maybe I really am missing
something.” And you know, it’ll make me think about it when I’'m teaching in my
classroom. Like don 't forget this. You know? It could be those little nuggets that I’11
always think about, like is my objective measurable? Is it exact? Can somebody come in
and see exactly what they need to do to meet the objective?”

Two of the PSTs mentioned how helpful the level of detail in my feedback was compared
to the feedback they have received from other instructors. For instance,
A lot of teachers in the ed program—you turn things in and they kind of just, “Good job,

you did it!”” Kind of. I mean, they don’t quite go into the depth of feedback that you give,
and I think that might be half the reason why a lot of people were surprised by your
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feedback because a lot of other teachers don’t put in that type of work. But I think that if
you wouldn’t have done that [ wouldn’t have gotten as much out of that course as I did.”

Another PST reflected,
It was always helpful because some teachers would say “Great job!” and give you a three
out of four or gave you a four out of four and you always have room for growth, [but]
they never said more. And if you would have done that then we wouldn’t have known
what we needed to change.

The same PST did note, however, that my feedback was sometimes difficult to break down

because “seeing a whole paragraph is kind of intimidating to me.” She recommended using

bulleted lists or somehow organizing the feedback into more discrete chunks, which I have done

in my updated rubric by breaking each domain into discrete components.

Teaching Experience. All four of the PSTs made comments indicating that they felt they

would learn much more about math instruction once they were in their own classrooms. For
instance, one PST reflected, “I thought it was going to be direct instruction and a lot of ‘I need to
just know what I’'m doing.’ [...] But at the same time, like I’ve kind of already said, I’'m going to
be learning along the way,” and “we’re kind of learning together because like my fifth graders
that I student-taught with, they were teaching me things that I didn’t even know.” She discussed
how she had learned new types of solution strategies from her students that she had never been
exposed to before, which relates to the subtheme useful tools, representations, or formats
overlooked. In her case, greater experience enhanced her knowledge in this area.

Another PST discussed how she would need to learn with experience how to best
integrate what she had studied in her special education courses (which mostly emphasized direct

instruction) and what she had studied in my classes (which mostly emphasized teacher-guided
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discovery of concepts) when working with special education students in her future classrooms
since she believed that the more hands-on approach she had learned in my courses would be
beneficial for special education students. One of the other PSTs alluded to the impact of
experience when she stated, “I feel more confident in the lower grades just because that’s where
I have experience.”

Related to teaching experience is the ability to observe master teachers practicing their
craft, as discussed in Chapter 3 on Situated Learning. While my PSTs felt that they ultimately
needed more classroom experience to strengthen their knowledge and skills, they all commented
on the impact that my modeling of Standards-based tasks had on their learning. Three of the four
PSTs cited instructor modeling as the number one factor contributing to their learning and
growth in the course while the other PST cited it as the second-most impactful factor (with the
course textbook being the number one factor). One PST reflected,

When we had to do the hands-on activities in class was very helpful because then I got to

practice using the manipulatives and seeing how they worked and then going back to that

“don’t give answers” and look more at the strategies that they’re using [...] and having us

practice going up and explaining our strategies and seeing my peers’ different ideas from

my own was all very helpful because then I saw how that works and what that looks like,
and for me I need to do to learn.

Another PST commented,

I think that you teaching us as if we were the elementary students and kind of modeling

what it’s like [...] but also seeing you model that instruction over a period of time rather

than just like doing it one time was really helpful.

Unfortunately, while my PSTs appreciated the opportunity to experience Standards-based
tasks in my methods course as if they were K-12 students and I were their K-12 teacher, they did

not get to observe Standards-based instruction in real K-12 classrooms. None of the four PSTs

were able to be placed in classrooms with educators who utilize reform instruction, at least not as



128
their primary approach to day-to-day teaching. One PST was particularly frustrated with her
cooperating teacher’s (CT’s) approach to instruction and described how she primarily learned
from her CT what not to do to effectively teach mathematics. She reflected,
I think that understanding where math comes from is, like, really important, and trying to
then relate that to the kids, so making the story problems personal is really important and
I think that that’s for sure something that [ want to implement [...] My [CT] never really
did story problems. She would actually cross them off. But it was helpful because now I
know how important that is.
Another PST made similar comments about her CT, noting that she used “a lot of worksheets”
and “step-by-step” instruction, which the PST said was “nice to see” because it modeled for her
how not to engage students in mathematical exploration and sense making. While the PSTs

mentioned learning from their student teaching experiences, none of them specifically cited their

CTs as a source of that learning.

Details. As suggested earlier in this chapter, a probable contributing factor to less-than-
proficient performance on lesson planning assignments is a lack of attention to detail, which for
many PSTs is likely due at least in part to insufficient hours in a day to attend to all their classes
and personal responsibilities (about one-fourth of the students at my university are non-
traditional students, and many are parents). Although I did not explicitly inquire about it, one of
the PSTs admitted,

I know there were a couple of assignments where I did get a lot of feedback but I don’t

have time to fix all of these things—Ilike I have six other classes, and I have to work, and

I think I did the best I could on those. But if [ would have fixed all of the things in your

feedback, I think I probably would have learned a lot more than I did, even though I still
feel like I learned a lot in class.
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Summary

The themes that emerged from my second cycle of coding suggest that a lack of strong
mathematical content knowledge may be limiting PSTs’ ability to achieve full proficiency on
their lesson planning assignments. As suggested by Figure 3, a lack of classroom teaching
experience and/or a lack of attention to detail are also hypothesized to be contributing factors to
the gaps and oversights in my PSTs’ lesson planning assignments. Data from interviews with
four of the PSTs during the subsequent semester support these themes. In some cases, a lack of
sufficiently comprehensive feedback from me resulted in less than proficient performance on
assignments, although this was not a major contributing factor in PSTs’ overall performance.
Ultimately, as discussed in the next chapter, more research is needed to tease out the reasons why
PSTs achieved nearing proficiency rather than full proficiency on so many components of the

AMTE Standards-aligned course rubric.
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CHAPTER FIVE
DISCUSSION

Overview

Through this study, I aimed to better understand my PSTs’ performance on lesson
planning assignments for K-8 mathematics. After first implementing standards-based learning in
my K-8 math methods course during Spring 2019 in hopes of improving my students’ learning
outcomes, I took a deep dive into their lesson plans from Fall 2019 to identify areas of growth
and continuing weakness resulting from the feedback and revision cycles embedded into the
course. Specifically, I addressed the following research questions:

e In what ways does the opportunity to receive timely and specific feedback and to
revise lesson plans accordingly help PSTs to better develop and apply their
knowledge and skills with respect to AMTE’s 2017 Standards?

e In what ways are PSTs meeting and not meeting AMTE’s 2017 Standards in their
lesson planning assignments?

e What themes emerge from PSTs’ work on lesson planning for K-8 mathematics?

In this chapter I situate the findings presented in Chapter 4 within the theoretical
framework of Situated Learning and its interrelated arms of access and achievement as well as
within the broader literature on mathematics teacher education. I also discuss implications of the
findings for mathematics teacher educators (MTEs) and educator preparation programs (EPPs)
and make suggestions for further use and experimentation with the analytical framework

developed for the study.
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Understanding PST Achievement: Limitations on Growth

In this section, I discuss the insight that my findings from Chapter 4 contribute to the
existing literature on pre-service teacher performance in K-8 mathematics. As related in my
theoretical framework (see Chapter 3), masters of a profession must concern themselves with the
breadth and quality of the knowledge and skills that newcomers to their field acquire during
apprenticeships. In the field of mathematics teacher education, a comprehensive set of standards
for pre-service mathematics teachers has been developed to gauge PSTs’ readiness for
autonomous mathematics instruction, yet these standards have not been specifically applied to
research studies on PST performance. As such, my second research question has not yet been
addressed in the literature, while findings associated with my first and third research questions
complement existing findings related to PSTs’ mathematical content knowledge, as discussed

below.

Mathematical Concepts.

As related in Chapter 2, existing research has shown that PSTs struggle to fully
comprehend the concepts that underlie K-8 mathematics (Chinnappan & Forrester, 2014; Inoue,
2009; Luo et al., 2011; Shirvani, 2015; Zilkova et al., 2015). However, the relationship between
PSTs’ mathematical content knowledge and their lesson planning capabilities does not appear to
have been extensively studied. We know PSTs struggle with fractions (Chinnappan & Forrester,
2014; Luo et al., 2011), proportional reasoning (Inoue, 2009), and measurement (Shirvani,
2015), and even two-dimensional shapes (Zilkova et al., 2015) but we do not know how this lack

of content knowledge impacts lesson planning on these topics. In one study by Morris and
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Hiebert (2017), the strength of the association between overall scores on a lesson planning
assignment and the extent of coverage of the associated math topics in the participants’ math
content courses was explored, with findings indicating that more in-depth content coverage
resulted in stronger lesson plans. However, the study participants were already in their second
and third years of teaching at the time of the study, leaving a gap in the literature as to the impact
of mathematical content knowledge on PST lesson planning, which the present study addresses.

In analyzing the reasons why many of my PSTs were able to achieve nearing proficient
performance but not proficient performance on their lesson planning assignments, which was the
focus of my second cycle of coding, I found that most of the reasons had to do with an
insufficient understanding of mathematical concepts (see Chapter 4, Figure 3), which aligns with
the findings from Morris and Hiebert (2017). While PSTs demonstrated growth in several areas
of my AMTE Standards-aligned course rubric and made strides in presenting material in ways
that would engage students in relevant, exploratory, hands-on activities, they struggled to
adequately link procedures and concepts in a way that demonstrated the “deep and flexible
knowledge of mathematics” called for by AMTE (2017, p. 2), limiting their ability to design
robust mathematics lessons.

As Figures 6-7 illustrate, my PSTs demonstrated the strongest performance and the most
growth in areas that did not require a deep knowledge of mathematical content (Figure 5),
whereas they demonstrated weaker performance and less growth in areas requiring stronger
content knowledge (Figure 6). The sole component of the Standards-aligned course rubric in
which a majority of PSTs achieved proficient performance was alignment between learning

objectives and learning standards. While being able to align standards and objectives is an
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essential aspect of lesson planning, doing so requires minimal content knowledge since PSTs,
once directed to the appropriate standards via feedback, can simply replicate the language of the
standards to write clear and measurable objectives. Other components in which PSTs
demonstrated the greatest improvements—although not full proficiency—included student
thinking, developmental progression and pacing, suitability of resources, use of resources,
nature of tasks, and nature of prompts. For two of these components—student thinking and
nature of prompts—improvements resulted mostly from adding required details that had been
overlooked in the first draft of an assignment (such as incorporating specific prompts within a
lesson plan along with expected student responses to those prompts). As with alignment between
learning objectives and learning standards, improving performance in suitability of resources
requires attention to feedback more so than knowledge of content, given that once appropriate

tools are indicated, PSTs need only include them in their lists of resources for their lessons.
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Figure 5. PST Growth in Components Not Requiring Strong Content Knowledge
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Figure 6. PST Growth in Components Requiring Strong Content Knowledge
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To the contrary, use of resources does require knowledge of content. To use a tool
appropriately necessitates an understanding of the physical representation of a concept. PSTs
demonstrated growth in this component by clarifying and adjusting their use of tools across the

semester to support more exploratory, conceptually based activity as opposed to merely using
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tools to arrive at answers. Likewise, they developed their ability to present tasks (nature of tasks)
and pose questions (nature of prompts) that would engage students in higher-order thinking skills
and not just rote application of procedures. In many of the IEFA lessons—the first independent
lesson planning assignment—PSTs incorporated rich scenarios but only required students to
perform basic mathematical skills, such as adding and subtracting decimals using the standard
algorithm, rounding large numbers, and converting fractions to decimals and percents. In their
unit plans—the final independent lesson planning assignment—PSTs incorporated more open-
ended problem solving such as identifying and justifying equivalent fractions, decomposing
numbers in more than one way, and sorting and distinguishing among shapes. Feedback received
on the IEFA lesson—which was provided to PSTs the week they began drafting their unit
plans—along with my continual modeling and discussion of open-ended math tasks during class

likely played a role in the improved use of resources in PSTs’ unit plans.

Limitations on Growth. Despite showing overall improvement in use of resources, nature

of tasks, and nature of prompts, PSTs struggled to achieve full proficiency in these areas due to
their inability to adequately utilize tasks, prompts, and tools to link procedures and concepts. In
many cases, PSTs could pose a meaningful problem, choose an appropriate tool, and develop a
mostly accurate model of a concept and/or procedure using the tool, but they could not use the
tool to foster an understanding of why a procedure works based on the underlying concepts. For
example, in a unit on fact families, the PST referenced an appropriate tool (snap cubes) and

asked higher-order questions to encourage students to discover that there are four facts in each
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family, but she failed to adequately address feedback encouraging her to ensure that students
would walk away from the unit understanding why there are four facts in each family.

Many PSTs demonstrated an exceptional ability to pose mathematical and real-world
scenarios that lend themselves to modeling and illuminate important mathematical concepts
(significance). Most PSTs were able to develop appropriate word problems, choose relevant data,
identify suitable games, and otherwise set students up to explore and represent important
mathematics. PSTs were often quite creative in establishing scenarios for their students to engage
with, such as figuring out how much hay would be needed to feed a team of horses at an Indian
relay, converting heights from a European document (given in centimeters) to more familiar
units of measurement, and determining the various ways in which a graham cracker can be
broken up along its scoring lines such that two people get the same amount. But as with use of
resources, nature of tasks, and nature of prompts, PSTs struggled to utilize these scenarios to
adequately link procedures and concepts. PSTs often knew which concepts were invoked by
which scenarios but not how those concepts informed the procedures. For example, the PST who
developed the lesson plan on converting metric-system measurements to English-system
measurements knew that ratios are involved in converting measurement units but could not
explain how or why procedures such as “cross multiplying” work.

PSTs were often on the cusp of developing exactly the type of math lessons envisioned in
the Standards—relevant, hands on, and student centered—but were unable to fully bridge the
gap between procedures and concepts. As related in Chapter 4, this shortcoming often resulted
from an inability on the part of PSTs to support their tasks and resources with appropriate

prompts designed to draw out key concepts. For instance, in the lesson on measurement
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conversions, the PST was unable to come up with questions such as, “How does the strategy of
segmenting 10 centimeters into 4 groups of 2.5 relate to the strategy of using the equivalent
fractions 1/(2.5) =2/5 = 4/10 to figure out how many inches are in every 10 centimeters? How
can these two strategies help us to understand how ‘cross-multiplying” works?” Given the
weaknesses in PSTs’ content knowledge identified by both the literature and this study, it is
likely that most PSTs are not aware of the connections among various procedures and
representations and hence do not know when and how to incorporate such prompts into their
lesson plans.

In a dissertation study analyzing the development of PSTs’ mathematical knowledge for
teaching (MKT) over the course of the senior year of their EPP—during which they completed
their math methods course (fall) and student teaching (spring)—Johnson (2011) similarly found
that the participants struggled to demonstrate competency in the “connection” domain of the
analytical framework utilized for the study, which included making connections between
procedures and concepts and anticipating appropriate models, prompts, etc., to support students
in developing a deep understanding of the mathematics. As Johnson reflected,

Perhaps connection is an especially challenging category to enact because its dimensions

draw on three realms of knowledge that are in and of themselves challenging:

understanding the connected nature of mathematics, having content knowledge that is
connected across procedures and concepts, and understanding children’s thinking. It was
not possible to determine whether the relative difficulty associated with the connection
category for these preservice teachers was an issue of awareness or translation to practice.

Either way, it seems that these preservice teachers may have especially benefited from

additional awareness of and experiences with dimensions in the connection category. (p.

328)

In the subsequent section, I draw from my findings as well as those of Johnson (2011) and others

to make recommendations for improving PSTs” MKT.
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Improving Access: Enhancing PSTs’ MKT

According to Situated Learning theory, apprentices must be granted sufficient and
appropriate access to the knowledge and skills of masters to demonstrate the levels of
achievement required to become autonomous participants in their respective fields. In Situated
Learning: Legitimate Peripheral Participation, Lave and Wenger (1991) document key features
of successful apprenticeships, including opportunities to both observe and participate in the work
of skilled masters in such a way that apprentices can learn “how masters talk, walk, work, and
generally conduct their lives” (p. 95). In this section, I couple my research findings with those
from the literature to recommend ways in which PSTs can be granted greater access to the skills
and knowledge of master teachers and MTEs such that PSTs can improve their MKT and hence

their proficiency with respect to AMTE’s Standards.

Increasing Access to Content Knowledge

A key finding from this study is that PSTs can develop their ability to design compelling
mathematical tasks within the time span of a semester—coming up with creative, open-ended
activities that lend themselves to appropriate mathematical modeling—but the effectiveness of
these tasks is underdeveloped due to PSTs’ weak MKT, which limits their ability to ask critical
questions and bring about closure linking concepts to procedures. Strengthening PSTs” MKT is
imperative to supporting their ability to design and implement math lessons that meet AMTE’s

Standards.
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Skilled math educators and MTEs “understand and solve problems in more than one way,
explain the meanings of key concepts, and explain the mathematical rationales underlying key
procedures” (AMTE, 2017, p. 8). For PSTs to acquire this robust knowledge of content—which
Johnson (2011) and others have referred to as mathematical knowledge for teaching or MKT
(Ball et al., 2008; Hill et al., 2008) to distinguish it from the more ordinary content knowledge
required for everyday problem solving—they must have opportunities to participate in the type
of thinking that teachers who are well-versed in MKT engage in. As identified in my findings, a
lack of understanding as to why procedures work acted as a ceiling for many of my PSTs,
preventing them from advancing their lessons from nearing proficient performance to fully
proficient performance. Given the link between greater MKT and more effective mathematics
instruction (Hill et al., 2005; Hill et al., 2008; Morris & Hiebert, 2017) as well as links between
MKT and confidence in teaching identified in this study as well as others (Ingram et al., 2018),
interventions aimed at increasing pre-service teachers’ MKT stand to have a significant impact

on the quality of mathematics instruction in our nation’s classrooms.

Tailoring Math Content Courses. Mathematics courses designed specifically for pre-

service teachers have been shown to improve PSTs’ content knowledge to a greater degree than
general mathematics courses (Matthews et al., 2010). Courses incorporating activities that
emphasize informal proof writing and argumentation are particularly valuable in improving pre-
service teachers’ MKT, particularly with respect to understanding the connections between
procedures and concepts. For example, PSTs might be tasked with utilizing base-10 blocks to

model the standard long-division algorithm and explain how and why it works rather than simply
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modeling division word problems with the tool. This type of “unpacked” content knowledge, in
which PSTs gain experience in linking procedures to concepts, is associated with more effective
lesson planning once PSTs are in their own classrooms. In a study of 27 graduates of a single
teacher education program, Morris and Hiebert (2017) found that teachers were more capable of
developing robust lesson plans on content they had covered in its “unpacked” form in their math
content courses than on content they had not covered in their content courses. Given that the
most notable limitation to PSTs’ growth in the present study was an inability to connect
procedures and concepts, approaching mathematics in this unpacked form stands to bring about
significant gains in PST achievement with respect to lesson planning. With a deeper
understanding of the underlying concepts, the study participants would have been able to respond
more appropriately to feedback encouraging them to consider and connect multiple solution
strategies, ask and answer “why” questions relating to the mathematics, and provide closure on
key concepts.

Also valuable would be opportunities for PSTs to rehearse in-depth explanations of
mathematical procedures and concepts in front of their MTEs and peers before being placed in
real K-8 classrooms. As Inoue (2009) suggests,

what is necessary for improving novice teachers’ [pedagogical content knowledge] and

the quality of their explanations could be to conduct a series of evaluations of their

explanations of the contents and give them detailed feedback on their instructional
explanations. In fact, similar types of pre-service training are often used in other fields
such as acting, where actors need to practice their scripts through a number of rehearsals
before the performance, and music, where musicians rehearse their parts individually
before playing with an orchestra in a concert hall. Similarly, it is reasonable to consider

that pre-service teachers need to rehearse providing effective instructional explanations
before actually teaching in the classroom setting. (p. 49)
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In a study of 34 PSTs’ instructional rehearsals, Inoue found that even PSTs with strong
mathematics backgrounds struggled to adequately convey procedures and concepts in ways that
would support K-8 students in making connections between the two, indicating a need for PSTs
to have more practice in explaining the meaning behind procedures with the opportunity to
receive constructive feedback on their explanations. Inoue is careful to point out,

this is not to say that we should go back to conventional teaching characterised by the

absorption model of teaching. Quite the contrary, what is suggested here is that teachers’

explanations serve as an essential pedagogical component in scaffolding the students’

reflective construction of conceptual knowledge. (p. 47)
The above comment relates to the study findings regarding PSTs’ shortcomings in developing
appropriate prompts to guide and support student thinking as they complete tasks. Part of
scaffolding students’ construction of knowledge involves asking critical questions as students
work through tasks, prompting them to notice salient features and connections. In order to
develop such prompts, PSTs must first enhance their ability to understand and articulate the
salient connections themselves. Rehearsing explanations for why and how procedures work
could be a fruitful early exercise in math content and/or methods courses to prepare PSTs for
more robust lesson planning later on. If each PST in a cohort is assigned a different procedure to
justify publicly in front of their peers, exposure to a variety of procedures and their rationales
could be fostered.

Content courses that emphasize “connections or relations between mental representations
of'a concept” have also proven fruitful in helping PSTs to link procedures and concepts

(Chinnappan & Forrester, 2014, p. 874). In their study of 114 PSTs enrolled in a first-year

mathematics content and pedagogy course, PSTs who engaged in representational reasoning
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about fractions were able to improve their conceptual understanding of fraction operations. As
the researchers concluded,
Pre-service teachers can be supported, within an existing teacher education program, to
construct conceptually and procedurally robust content knowledge through the
development of appropriate representations of fraction concepts and operations. Further,
our experience showed that the use of representationally rich instruction could enhance
the building of the fraction procedural-conceptual knowledge nexus. (p. 894)
Similarly, Reid and Reid (2017) found that PSTs who engaged in coursework emphasizing open-
ended problem solving featuring multiple representations and solutions strategies improved their
conceptual and procedural understanding of mathematics. Given the study participants’
oversights in suggesting potential solutions strategies and responses for the mathematical tasks

and prompts incorporated into their lesson plans, greater exposure to a variety of methods and

representations would bolster their lesson planning.

Increasing Math Content Courses. In some cases, PSTs may be engaging in the types of

rich and rigorous mathematical experiences described above but are not required to take a
sufficient number of content credits to account for the large gaps in knowledge that they often
exhibit. At my university, PSTs in elementary education are required to take six credits of
mathematical content prior to the methods course, whereas at other institutions in my state they
must take nine credits. Increasing the number of required content courses may support PSTs in
better meeting the Standards upon graduation and initial licensure. As found by Blomekea et al.
(2012) in a large-scale international study on PSTs’ mathematics content knowledge (MCK) and

mathematics pedagogical content knowledge (MPCK, akin to MKT), the extent of exposure to
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various mathematics topics during schooling was the most significant predictor of PST
performance in both MCK and MPCK.

In programs where PSTs demonstrate a wide range of abilities, a differentiated approach
to improving content knowledge may be effective, as demonstrated by Ingram et al. (2018),
whose educator preparation program provides supplemental content courses and modules for
PSTs who need greater practice with key mathematical concepts. In their study, the number of
PSTs demonstrating mastery of content knowledge improved from 40% upon entry to the
program to 88% after three years. Reid and Reid (2017) similarly recommend a differentiated
approach to improving mathematics content knowledge for PSTs who perform far below

established standards.

Increasing Access to Teaching Experience

In Situated Learning, observation of skilled masters is critical to successful
apprenticeships. Apprentices who are isolated from the work of masters, with few opportunities
to observe and participate in the actual work of practitioners in their fields, end up with a more
limited set of skills and knowledge (Lave & Wenger, 1991, p. 78). One of three overarching
themes identified in Chapter 4 is teaching experience, which overlaps with mathematical content
knowledge in key aspects of lesson planning such as anticipating possible solution strategies.
Indeed, MKT relates to the specialized knowledge of a math teacher and not just the basic
knowledge required to solve a math problem in a person’s preferred manner. Several of the

oversights in PSTs lesson plans, such as overlooking potential solution methods and moving
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through material too quickly, were likely due at least in part to a lack of time spent observing and
instructing mathematics in K-8 classrooms.

Both mathematical content knowledge and teaching experience interact synergistically to
produce more robust MKT. While the quality of a teacher’s MKT has been found to be among
the strongest predictors of Standards-based mathematics instruction, influencing “the quality of
the modifications made to curriculum materials, the goals for student learning, and even beliefs
about what mathematics is” (Hill et al., 2008, p. 497), experience working with real children is
also important for developing pre-service teachers” MKT. Sherin (2002) found that teachers’
MKT—referred to as pedagogical content knowledge in Sherin’s study—is further developed as
they gain experience negotiating unique and/or novel student thinking. As Sherin observed, "In
brief, I find that novel student comments or methods are a critical factor in provoking teachers to
move away from the constraints of their content knowledge complexes" (p. 145). Furthermore,

The idea is that pedagogical reasoning acts on subject matter knowledge to produce

pedagogical content knowledge. Thus, the teacher starts with an understanding of some

particular content and, by considering how to present the content to students, transforms

this knowledge into pedagogical content knowledge. (p. 146)

By observing students as they work through math problems and paying attention to the strategies
they are using—which are often different from the strategies an adult teacher or PST might
choose to utilize—teachers and PSTs expand both their repertoire of solution methods as well as
their understanding of the content via the process of considering how and why students’
strategies work.

In the EPP program at my university, PSTs participate in 120 hours of field experiences

prior to student teaching. These hours encompass both observation and practice; however, only

two of those hours (in which students teach two math lessons at a local elementary school as part
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of my method course) are required to focus on mathematics. The content areas that PSTs end up
teaching during the rest of their practicum hours is largely dependent upon the times at which
they can arrange to be in the classrooms, which in turn depends on the desires of their
cooperating teachers, their class schedules, work schedules, and other responsibilities. Many of
my PSTs have expressed avoiding math instruction to the extent possible during their field
experiences because they feel less comfortable with mathematics than with other content areas

such as English Language Arts.

Adjusting the Nature of Field Experiences. More opportunities to observe and work with

K-8 teachers and students specifically on mathematics—giving PSTs the chance to witness
students’ learning progressions and problem solving in real time—would support PSTs in
developing their MKT. However, increasing the quantity of field experiences without
considering the quality of field experiences is unlikely to make a significant impact on PSTs’
abilities to meet AMTE’s Standards. For example, in a longitudinal study of a pre-service
teacher who transitioned from a constructivist EPP into a student teaching experience dominated
by direct instruction, the PST in question felt constrained and frustrated by her circumstances,
without an opportunity to practice and develop the instructional strategies she had studied at her
university (Smagorinsky et al., 2004). As Reid and Reid (2017) pointed out in a study involving
a practicum component of their EPP, “one cannot assume that teaching math automatically
improves math content knowledge (MCK), math knowledge for teaching (MKT), and/or
confidence in teaching math” (p. 868). As with the PST in Smagorinsky et al. (2004), the PSTs

in their study who were placed with teachers who utilized traditional instruction felt frustrated by
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the pressure to implement instruction that went against the best practices they had learned about
in their EPP.

Similar to the PSTs in the studies cited above, all four of my PSTs who student taught
during Spring 2020 were placed with educators who primarily utilized direct instruction. While
they acknowledged learning valuable lessons from observing how not to implement the
Standards, experiences observing Standards-based instruction would have provided them with
richer opportunities to develop their knowledge and skills under the guidance of a master.
Fortunately, the PSTs in my study continued to express constructivist views about math
instruction despite their non-constructivist placements, but this is not always the case: as
Grootenboer (2005) found in a study of 29 PSTs in New Zealand, positive attitudes developed in
math methods courses can be easily overturned by practicum experiences that align with more
traditional approaches to math instruction. According to Grootenboer,

It seems that the practicum has the perceived power of being a real experience and hence

relegates the experiences and learning of the tertiary course to being interesting but not

applicable to the real world. [...] While the initial changes of pre-service teachers’
mathematical views seem to be important and to some degree achievable, the more
apparent issue is the sustaining of those positive changes. The study clearly showed that
experiences like the school-based practicum can “wash-out” the positive gains of the

tertiary course. (p. 29)

Invoking Lave and Wenger (1991), Grootenboer points out that the practicum experience serves
to enculturate PSTs into the in-service teacher community most closely tied to the practicum.
Given that PSTs struggle to fully transition away from traditional views of mathematics even
after engaging in constructivist coursework during their EPPs (Grootenboer, 2005; Hart et al.,

2016; Schram et al., 1988), experiences observing and implementing masters of Standards-based

instruction are crucial to supporting PSTs in sustaining their newfound views of mathematics.
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One way to maintain greater control over the type of instruction that PSTs gain
experience with is for MTEs to manage their field experiences themselves. At my university,
PSTs are required to enroll in a reading clinic during which they work with a specific group of
students across the course of a semester under the supervision of our English Language Arts
educator to build the students’ reading skills, but there is no similar requirement related to
mathematics. As of this writing, I am piloting a math clinic in which PSTs work under my
supervision to tutor K-5 children at an afterschool program in our community. The focus of the
clinic is strengths-based learning and growth as emphasized in the recent publication Strengths-
Based Teaching and Learning in Mathematics: Teaching Turnarounds for Grades K-6 (Kobett &
Karp, 2020), which functions as the primary text for the three-credit course. The clinic occurs
once each week and is integrated into an already existing afterschool program, making the
logistics simple enough for me to integrate into my teaching load. During the clinic, [ am able to
reinforce conceptual and representational approaches to mathematics and to support my PSTs in
pressing for justification from the students they work with as they support the students in
developing their problem-solving skills.

In the case of field placements with cooperating teachers (CTs), Johnson (2011)
recommends developing observation forms specific to mathematics and providing training to
CTs in the use of the forms, which should be aligned with key features of Standards-based
instruction. In many schools of education, generic observation forms are utilized across the
various content areas, resulting in

a feedback loop in which if the preservice teachers receive generic feedback from their

supervisors and cooperating teachers then it follows that they will place more of their

attention in subsequent lessons on things like classroom management instead of
dimensions of MKT. (Johnson, 2011, p. 349)
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Johnson further recommends emphasizing gradual implementation of Standards-based
instruction during field experiences such that PSTs focus on one or two elements at a time, with
opportunities to receive feedback and reflect on their developing capabilities as math educators.
Rather than emphasizing evaluative observations in which PSTs are expected to demonstrate
competent performance—which likewise encourages them to focus on classroom management
and on procedural approaches to instruction—observations should be structured to support PSTs
in experimenting with one or two Standards-based practices at a time. Given the fact that several
of the PSTs I interviewed for this study felt overwhelmed by the initial feedback they received
on their lesson planning assignments (which covered every component of my rubric), a more
gradual, focused approach that tackled one or two components at a time might help to build
PSTs’ skills and confidence without risking discouragement. For example, PSTs might begin
with a focus on significance and nature of tasks—areas in which they demonstrated strengths in
developing compelling mathematical scenarios—and move on to more challenging components
such as coherence and nature of prompts, in which they struggled to draw adequate connections
between procedures and concepts. In this way, initial success could build the confidence needed
to tackle more difficult aspects of lesson planning and implementation. The rubric developed for
this study could be utilized directly and/or adapted for the purpose of observing and reflecting on
these elements of PSTs’ math instruction during field experiences.

In a comparative study between two practicum experiences—one traditional and one in
which PSTs, cooperating teachers, and university supervisors worked collaboratively to tackle
problems of practice based on theory studied in the EPP—PSTs in the practicum emphasizing

theory-practice connections and reflection demonstrated a stronger ability to link theory and
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practice in their final practicum portfolios (Stenberg et al. 2016). The study supports Johnson’s
recommendation to emphasize experimentation and reflection over evaluation in practicum
experiences.

In the absence of cooperating teachers who are willing and able to link theory and
practice during practicum experiences, Grootenboer (2005) suggests that MTEs find ways to
“work alongside pre-service teachers on or after practicum to help them reflect upon their
unmediated mathematical experiences and discuss their developing affective views” (p. 28). It is
imperative that PSTs engage in critical reflection with a practitioner who can help them make
sense of their experiences in light of the theory taught in their EPPs such that the PSTs are able
to understand why, although common, traditional approaches to mathematics instruction are

ultimately less effective than Standards-based practices (p. 29).

Instructor Modeling. Since observation, not just practice, is a critical component of

successful apprenticeships, MTEs can also help to improve their PSTs’ skills by modeling
Standards-based mathematics instruction in their content and methods courses. As identified by
Hart et al. (2016) in their review of studies on PSTs in elementary mathematics content courses,
“the studies showed the use of problem-based instruction affording [PST]s opportunities to
invent their own solution strategies and engage in productive struggle, in addition to an emphasis
on peer interactions, were efficacious” in improving PSTs attitudes towards mathematics as well
as their content knowledge (p. 739). Reid and Reid (2017) found similar results in their study of
PSTs engaged in a reformed teacher preparation program, in which PSTs reported changing their

mindsets about mathematics after engaging in open-ended, hands-on problem solving guided by
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their MTEs. Likewise, in their one-on-one interviews, all four of my PSTs who student taught
during the subsequent semester commented on the impact that my modeling of Standards-based
tasks had on their learning. Observing the way I initiated and implemented open-ended tasks
enabled them to envision the principles of effective mathematics instruction that we read about
and discussed in the course.

As an example of this type of instructor modeling, on the first day of each semester, I
have my PSTs solve The Fencing Task (Stein et al., 2009, p. xvii) as shown in Figure 7. I model

99 ¢¢

how to adjust the task to accommodate a “low floor,” “open middle,” and “high ceiling” as
discussed in our textbook (Boaler, 2016, pp. 77-85) by providing a variety of tools (inch tiles,
toothpicks, and grid paper) and adding extension questions such as, “if the pen did not have to be
rectangular, is there another shape that would maximize the area inside the pen even further?”
After completing the task, we discuss the deeper engagement and learning that arises from a task
such as this one in comparison to a more straightforward task such as “Martha was recarpeting
her bedroom, which was 15 feet long and 10 feet wide. How many square feet of carpeting will
she need to purchase?” (Stein et al., 2009, p. xvi). A task such as the latter creates little
opportunity for the critical thinking and collaborative problem solving championed in our

textbook and advocated by the Standards, whereas the Fencing Task fosters lengthy, detailed

discussions on the relationships between area and perimeter.
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Figure 7. The Fencing Task as Presented in Stein et al., 2009

The Fencing Task
Ms. Brown’s class will raise rabbits for their spring science fair. They have 24 feet of fencing
with which to build a rectangular rabbit pen to keep the rabbits.
a. If Ms. Brown’s students want their rabbits to have as much room as possible, how long
would each of the sides of the pen be?
b. How long would each of the sides of the pen be if they had only 16 feet of fencing?
c¢. How would you go about determining the pen with the most room for any amount of

fencing? Organize your work so that someone else who reads it will understand it.

Importantly, as noted by one of my PSTs in her interview, I model this type of instruction
at various points throughout the semester and not just once so that my PSTs gain repeated
exposure to an approach to mathematics instruction that is for most PSTs far different from their
experiences with math instruction in K-12. Standards-based instruction is also modeled in the
two content courses that PSTs take at my university, although with varying degrees of fidelity
due to the employment of adjuncts to teach approximately half of the sections of these courses.
As Hart et al. (2016) noted in their literature review, “letting go of traditional perspectives on
mathematics pedagogy learned over many years as students in classrooms was an arduous
process and fraught with resistance” (p. 739), indicating that extended experiences with
constructivist approaches to mathematics are critically important. Given that PSTs in my
program mostly demonstrate nearing proficient performance with respect to AMTE’s

Standards—including PSTs who took both of their content courses with me and not with
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adjuncts—nine credits (six content credits plus three methods credits) of constructivist-oriented
math content and pedagogy appears to be insufficient for supporting PSTs in meeting the

Standards, suggesting that greater exposure is needed.

Increasing Access to the Specialized Knowledge of a Master

As noted above, for apprentices to acquire the skills and knowledge needed for successful
participation in their professions, they must be provided with opportunities to learn “how masters
talk, walk, work, and generally conduct their lives” (Lave & Wenger, 1991, p. 95). To acquire
and demonstrate such an intimate level of knowledge and skill, apprentices must be granted
access to the ways in which masters think. How does a math teacher educator—who already
possesses strong MKT—approach a task? What goes through her mind as she develops a lesson
plan? What types of questions does she ask to draw out the important mathematical concepts and
link them to possible procedures?

Among the matters that masters must keep in mind as they guide apprentices toward
autonomous entry into a profession are the criteria for proficient performance in their fields.
What does it look like design a lesson plan exhibiting strong MKT? What standards must be
met? In this section, I discuss the role of instructor feedback in granting PSTs access to the ways
in which a master mathematics educators apply their MKT to lesson planning, as well as the role
of evaluation criteria (course rubrics) in upholding the Standards and ensuring that appropriate

and relevant feedback is provided.
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Instructor Feedback. As related in Chapter 2, timely and specific feedback from

instructors plays a key role in supporting student learning and growth. (Carroll, 1971;
Heflebower et al., 2019). Feedback that is aligned to a specific set of learning standards is
particularly useful in advancing students towards proficiency (Airasian, 1971).

In the case of PSTs, instructor feedback provides a window into the minds of MTEs—the
“masters” of mathematics instruction—tasked with guiding PSTs towards mastery in the
profession. As one of my PSTs noted in her one-on-one interview,

I feel like [your feedback] was good because those are the questions that we need to ask

ourselves and it’s good to have somebody ask those questions before we have a lesson

flop [...] It’ll make me think about it when I’m teaching in my classroom. Like don 't

forget this. You know? It could be those little nuggets that I’ll always think about, like is

my objective measurable? Is it exact? Can somebody come in and see exactly what they

need to do to meet the objective?
The rhetorical questions I posed in my feedback—which were designed to encourage PSTs to
strive for proficiency with respect to the Standards incorporated into the course rubric—gave
this PST insight into the mental checklist I run through when planning my own math lessons,
which she then applied to her own math lessons during student teaching. All four of the PSTs
interviewed for this study attributed their learning and growth at least in part to the feedback
provided to them on drafts of their assignments. They emphasized the importance of my
feedback being detailed and specific. As one PST reflected,

Some teachers would say “Great job!” and give you a three out of four [...] and you

always have room for growth [but] they never said more. And if you would have done

that then we wouldn’t have known what we needed to change.

Importantly, instructor feedback helped to reduce achievement gaps among my PSTs.

With fewer PSTs performing at unsatisfactory and basic levels and more performing at nearing

proficient and proficient levels on final drafts and on later assignments than on first drafts and on
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earlier assignments, performance grew more concentrated toward the upper end of the
proficiency scale across the semester, as can be observed in Figures 6-7 above. As Bloom
admonished over 50 years ago, “since education is a purposeful activity in which we seek to
have students learn what we teach, the achievement distribution should be very different from
the normal curve if our instruction is effective” (Bloom, 1971, p. 49).

As evidenced in Chapter 4, PSTs demonstrated notable growth with respect to several
components of effective lesson planning as outlined in AMTE’s Standards and in the Danielson
Framework, against which the course rubric is aligned. In some cases, growth resulted simply
from being reminded of information that had been overlooked in first drafts, such as example
student solutions and responses (student thinking) and pre-planned prompts (nature of prompts),
and from having the opportunity to add this information into the final drafts. In other cases, PSTs
relied on feedback to learn that the information they had included in their first drafts was
inaccurate or insufficient, as was the case for alignment between learning objectives and
learning standards and alignment between learning objectives and assessments.

Even when the most growth was evident between assignments rather than between drafts
such as for the components of developmental progression and pacing and use of resources, 1
believe feedback played a role in the improvements. During the Fall 2019 semester, PSTs
received feedback on their IEFA lesson drafts during the week they began working on their unit
plan drafts. As such, my feedback on their IEFA drafts was fresh in their minds upon developing
their unit plan drafts, which exhibited stronger performance overall compared to the IEFA drafts.

Between the two assignments, there was no new instruction in the course other than to discuss
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the parameters of the unit plan, leading me to believe that my feedback on the IEFA drafts
contributed to the stronger overall performance on the unit plan drafts.

Further evidence of the role of feedback on PST performance comes from the data shared
in Table 7 in Chapter 4. Even though Table 2 in Chapter 4 indicates that for several components
of the course rubric there was little change in the totals associated with each proficiency level
between drafts—implying that feedback had no impact at all on most PSTs for these
components—Table 7 describes ways in which PSTs made improvements to their lesson plans
based on feedback even though gaps in their content knowledge prevented them from achieving
full proficiency. For example, in the unit plan on prime and composite numbers, the PST
clarified and expanded on an appropriate use of manipulatives in the unit, a substantial
improvement over the initial plan to use them only for a brief opening activity that was
disconnected from the rest of the unit. However, because the PST’s use of the tool was
incomplete and not adequately linked to the definitions used in the unit for prime and composite
numbers, the draft did not improve in proficiency between the first and final draft, remaining at
nearing proficient performance for both drafts.

Another indication that feedback plays a role in supporting PST performance is that PSTs
were held back in areas in which I failed to provide feedback. As discussed in Chapter 4, I did
not provide feedback related to prerequisite knowledge and skills on approximately half of the
first drafts of each assignment. This component ended up being one of the few in which most
PSTs remained at only a basic level of performance on the final drafts of both assignments.
Figure 8 shows the contrast in performance between this component for which I failed to provide

adequate feedback and another related component, student thinking, on which I did provide
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consistent feedback. I will discuss the issue of insufficient feedback in the next section on the

role of course rubrics.

Figure 8. Contrast in Performance Based on Differences in Instructor Feedback
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Course Rubrics. Rubrics serve the purpose of elucidating the standards for performance

in a course, aiding both instructors (masters) and students (apprentices) in recognizing when
mastery has been achieved and, when it has not, areas in which improvement is still needed. The
results of this study have greatly illuminated the role of rubrics in PST performance. However,
unexpectedly, rather than having a direct impact on PST performance by enabling them to have a
clear picture of the objectives toward which they were striving and against which they could self-
evaluate, my course rubric had a more indirect impact on PSTs by informing my instruction and
my feedback fo my PSTs. Since my PSTs expressed mixed feelings toward my course rubric—
with some of them feeling confused and/or overwhelmed by it and others eventually coming to
make sense of it as the semester progressed—it became evident that the rubric itself was not
especially helpful to PSTs. It has, however, been extremely helpful as a guide for me in
identifying strengths and weaknesses in my own feedback and instruction, which in turn impacts
PST performance.

Importantly, I use my course rubric as a guide when planning my instruction to ensure
that [ am providing my PSTs with the information and experiences they need to meet the
standards for proficiency in my course. Furthermore, I tend not to comment on criteria that is not
incorporated into my course rubric since the rubric serves as my primary reference when I
evaluate assignments. This means that if my rubric does not meet national standards then nor will
my instruction or my feedback to my students. As discussed in Chapter 4, two of the components
of my Standards-based rubric in which PSTs demonstrated the weakest overall performance—

differentiation and perspectives—are both linked to the domain of advocacy and equity, which
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was nonexistent in my original rubric (recall from Chapter 3 that I drafted the rubric used during
Fall 2019 before learning of the Standards). Although differentiation was embedded in my
criteria for instructional strategies in my original rubric, perspectives was not included at all,
meaning I gave absolutely no feedback related to this domain on PSTs’ unit plans, of which all
21 were coded at a basic level of performance on the final draft—the lowest performance overall
across the rubric components. Due to the nature of the IEFA assignment, which required
incorporating the perspectives of one or more of our state’s Indigenous groups, I did provide
feedback relevant to perspectives on the IEFA drafts, generally couching it within the domain
knowledge of content since knowledge of the chosen Indigenous group(s) formed part of the
content of those lessons.

I also completely overlooked the importance of planning for adequate closure in a lesson
because it was not a criterion in my original rubric; hence I failed to provide feedback related to
closure on my PSTs lesson planning drafts. For nine of my PSTs, this lack of feedback (and the
opportunity to revise based on that feedback) resulted in less-than-proficient performance on my
revised rubric in the component of coherence, for which these PSTs otherwise met the criteria
for proficiency. As noted in the previous section, I also failed to provide feedback on
approximately half of the drafts with respect to prerequisite knowledge and skills, which was
embedded in knowledge of content in my original rubric and not separated into its own distinct
set of criteria. This represented another component in which PSTs demonstrated weaker
performance overall.

By updating my course rubric to align with AMTE’s Standards and using the updated

version to evaluate my PSTs assignments for this study, I was able to identify gaps in my own
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instruction and feedback that, once filled, will enable me to better support my PSTs’ success
with respect to the Standards. 1 have already begun to address the gaps in advocacy and equity
by adapting some of the math tasks that [ model for my PSTs to incorporate diverse perspectives.
Fostering skills in linking math tasks to compelling and relevant cultural information forms part
of the MKT aimed for in the Standards, as expressed in the equity principle, and is imperative
for MTEs to address. For example, I have built upon the concepts of area and perimeter
introduced during The Fencing Task by developing a subsequent task in which my PSTs are
challenged to design a community center for our city’s Hispanic population. After watching a
video about the annual Mexican Fiesta that takes place at a city park, I task my PSTs with
designing a culturally appropriate community center given certain parameters such as an open,
multi-use space large enough for both basketball games and large gatherings. I also encourage
them to identify potential vacant buildings from the city’s realtor listings that could be renovated
for this purpose. Additionally, I have added a folder to my online course resources that includes
links to websites with information about the experiences of various non-dominant groups,
including BIPOC, low SES, and LGBTQ+, and I require my PSTs to utilize this information for
at least one aspect of their unit plan (for example, generating a word problem or a “Notice and
Wonder” activity that affirms the identity of members of one of the non-dominant groups).

Other areas for improvement include better supporting my PSTs in comprehending and
utilizing the course rubric for purposes of self-evaluation. When one of my PSTs noted in her
interview that simply assigning a three out of four in a category is not helpful (as her other
instructors tend to do), it occurred to me that many PSTs likely do not know how to effectively

interpret the information in a rubric so that they can figure out for themselves where and how
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they need to improve upon their work to advance from nearing proficient to proficient
performance. This supposition is consistent with findings in the literature. As Hendry et al.
(2012) noted, “as recent research has shown, many students find descriptions of standards
difficult to understand” (p. 150). In their study, first-year law students enrolled in a section of a
course in which the instructor facilitated guided discussion of three different assignment
exemplars—each at different levels of proficiency—with respect to the assignment rubric
outperformed students in other sections of the course. They concluded,
Overall most students found it initially difficult to identify the poor and good
assignments, until they engaged in teacher-led class discussion about the rationale for
grading, or were eventually told. Although students in classes where the teacher led an
interactive discussion about exemplars rated their understanding of the marking sheet
higher, and were more likely to feel they would be marked fairly, all students still rated
the marking sheet as less useful than exemplars for guiding them in completing their
letter assignment. These results highlight the critical role of teachers’ facilitation skills in
helping students understand the standards of work expected which are embedded in
exemplars and summarised in marking sheets or rubrics. (p. 158)

Orsmond et al. (2002) likewise found that purposeful use of exemplars coupled with
formative feedback supported students in their ability to self-evaluate more effectively against
course objectives. The researchers found that purposeful use of exemplars had an even greater
impact on students’ ability to self-evaluate against course criteria than involving students in the
creation of the criteria. These findings suggest that a more intentional use of exemplars in my
methods course could improve my PSTs’ understanding of the course rubric. More recently, |
have begun providing exemplars reflecting multiple levels of performance (as opposed to just
proficient performance) to my PSTs and engaged them in discussions about the differences

among them; anecdotally, I have noticed higher scores on initial drafts of assignments than in

Fall 2019, when I merely supplied a single exemplar of a lesson meeting the criteria for
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proficiency. I have not, however, systematically analyzed these outcomes, which would be an
area for fruitful future research given that a greater ability on the part of students to comprehend
and apply rubrics to their work would reduce the amount of additional written feedback required

of instructors in order for their PSTs to recognize the revisions needed to achieve proficiency.

Adjusting Course Timelines

The final overarching theme identified in the data shared in Chapter 4—Ilack of attention
to detail—suggests that some PSTs struggle to find time to adequately attend to all components
of a lesson planning assignment regardless of the depth and breadth of the feedback offered to
them (and/or they do not pay close enough attention to said detail). Indeed, many of my PSTs
work part-time or even full-time jobs while attending school; many of them also care for children
at home, a significant responsibility for anyone working towards a college degree and teacher
licensure. As one of my PSTs admitted during her interview, she simply did not have enough
time to attend to all the feedback I offered to her on drafts of her assignments.

Even with two weeks of class time to work on revisions, it is evident that at least some
PSTs still did not have sufficient time to address all the feedback they received. As MTEs, we
must plan carefully for how we structure our courses and the associated workload. Providing
built-in opportunities for revision are certainly helpful (I suspect there would have been even
greater evidence of lack of attention to detail had I not included two weeks of class time for my
PSTs to prepare their portfolios) but we may need to device other creative ways to ensure that
our students are able to invest the time necessary to make proficient revisions, which may

include cutting back on other assignments and content. As John Caroll observed decades ago,
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achievement is in part a function of adequate time to learn, meaning that if MTEs do not provide
PSTs with sufficient time to fully digest and implement feedback, we limit their growth (Caroll,
1971).

In the next section I offer some reflections on the breadth and depth of the Standards and
suggest ways in which MTEs might address the most compelling aspects of the Standards raised
by the study’s findings without overwhelming their PSTs while possibly leaving other Standards
to be addressed during our students’ first years in their own classrooms. I also reflect on the

feasibility of implementing standards-based learning (SBL) for MTEs.

Reflections on Feasibility: Addressing the AMTE Standards Via SBL

The AMTE Standards for Preparing Teachers of Mathematics is an ambitious document,
delineating “the specific knowledge, skills, and dispositions that well-prepared mathematics
teacher candidates at all levels will know and be able to do upon completion of an initial
preparation program” (2017, p. 5). The goals embraced by the Standards are laudable and
worthy, aiming to transform mathematics instruction for the benefit of each and every student in
our nation’s school systems. Whether the goals are achievable within the four years of a typical
educator preparation program, however, requires serious consideration, especially given the
deficits in mathematical knowledge and dispositions exhibited by so many K-8 PSTs upon
entering their programs. In this section, I reflect on the Standards with respect to the study’s
findings and also offer recommendations related to the feasibility of implementing standards-

based learning more broadly across mathematics teacher education.
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Reflections on the Attainability of the Standards for EPPs

AMTE’s Standards encompass 19 indicators tied to four overarching standards:
mathematics concepts, practices, and curriculum; pedagogical knowledge and practices for
teaching mathematics; students as learners of mathematics; and social contexts of mathematics
teaching and learning. The rubric I utilized for this study addressed 14 of the 19 indicators across
each of the four standards. Yet even without attempting to cover all the indicators, my students
and I struggled to achieve full proficiency in most aspects of the Standards. As an MTE, the
outcomes of my study prompt the following questions regarding the Standards:

e By attempting to incorporate as many of the indicators as possible into my
course, am I covering each indicator too thinly to be effective?

e Would covering fewer indicators result in greater achievement for my PSTs? If
so, which indicators should I emphasize?

e Are there indicators that are better left for PSTs’ first years in their own
classrooms? If so, how can I set up my PSTs to naturally achieve these standards
once they become autonomous educators?

These wonderings raise important questions for future research, which I discuss in a later
section of this chapter. Although I do not have answers to these questions, there are certain
indicators within the Standards that seem to me to be more relevant to classroom teaching than
to pre-service preparation. For example, indicators C.2.5 (enhance teaching through
collaboration with colleagues, families, and community members) and C.4.5 (enact ethical
practice for advocacy) both emphasize interactions beyond MTE-PST relationships and even

beyond PST-student relationships. While many PSTs will have opportunities to interact with co-
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teachers, caregivers, and community members during their EPPs, I wonder about the feasibility
(and even reasonability) of assessing their competency in these interactions given their stature as
apprentices, who are not yet the teachers of record ultimately responsible for the students they
work with. To be sure, these are objectives incorporated into the domain professional
responsibilities within the Danielson Framework (2007), suggesting they may be more
appropriate indicators for in-service teachers rather than pre-service teachers. As such, they
might be moved to a separate section of the Standards that describe future outcomes of high-
quality preparation programs and could be recommended as measures of the effectiveness of
other indicators that are addressed within an EPP (such as indicator C.4.4, understanding power
and privilege in the history of mathematics education).

It also occurs to me that given the fragility of many K-8 PSTs’ mathematics-related
teacher identities (Hart et al., 2016; Ingram et al., 2018; Lutovac & Kaasila, 2014; Lutovac &
Kaasila, 2018; Setra, 2017; Swars, 2005), tackling too many indicators within a course of study
could easily discourage PSTs from embracing Standards-based instruction, leading them to
revert to the direct instruction most familiar to them (Grootenboer, 2005; Hart et al., 2016;
Schram et al., 1988). Indeed, the four PSTs interviewed for this study all expressed feeling
overwhelmed each time they received feedback on an assignment, with so many standards to
improve upon. Simplifying their lesson planning assignments and limiting the number of
indicators I attempt to address might ultimately be the better route to increasing their confidence
and competency in Standards-based instruction.

Based on the outcomes of this study, emphasizing mathematical concepts, significance,

nature of tasks, and nature of prompts without worrying as much about the wording of their



166

objectives, alignment to the correct standards, and some of the other aspects of my rubric could
prove fruitful in building both skills and self-assurance. PSTs demonstrated strong abilities to
select appropriate scenarios (significance) and set students up with meaningful tasks (nature of
tasks) but needed to strengthen their understanding of the underlying concepts (mathematical
concepts) so that they could ask more critical questions (nature of prompts) to ensure their tasks
would be fully effective in making key connections and drawing out key mathematical ideas. By
focusing on these components within their lesson planning assignments, PSTs could develop
enough confidence based on their strengths in the former (significance and nature of tasks) to

feel comfortable tackling the latter areas in which they require more improvement.

Reflections on the Feasibility of SBL

Implementing standards-based learning required a significant time investment on my part
as an instructor. As other SBL researchers have noted, it takes considerable time to develop
appropriate and measurable standards for a course of study; however, once standards were
developed, it became easier to grade assignments given the clarity in the criteria used for student
evaluation (Beatty, 2013; Scarlett, 2018; Selbach-Allen et al., 2020).

The most significant time investment came from providing written feedback to each of
my PSTs on drafts of their lesson plans, which took me anywhere from 15 minutes to 30 minutes
per draft. With small class sizes, this was manageable for me but might not be manageable for
MTESs with larger numbers of students (at least in the absence of TAs, which we do not have at
my university). Strategies I utilized to afford myself the time to provide detailed feedback

included not requiring revisions to be made until the last weeks of the semester since the final
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drafts would form part of PSTs’ summative portfolios, which granted me a longer turnaround
time to provide the feedback. I also moved class online during days when drafts were submitted,
which added an extra 90 minutes to my week. During that 90 minutes, my PSTs were responsible
for providing peer feedback on one another’s drafts via the discussion feature on our online
course management system.

Given my discovery—via the interviews I conducted with four of the study participants—
that my PSTs struggled to understand the rubric itself and mostly relied on my written feedback,
implementing strategies to increase my PSTs’ ability to comprehend and apply the course rubric
on their own stands to save even more time in providing feedback on drafts and to make SBL
more feasible for faculty members at larger institutions. As Hendry et al. (2012) and Orsmond et
al. (2002) have found, coupling rubrics with intentional use of exemplars can improve students’
understanding of rubric criteria. While the researchers did not state whether the improvements in
understanding resulted in an ability of students to rely solely on rubrics without the need for
written feedback, further exploration in this area would prove highly fruitful in assuaging
concerns that SBL requires more time than higher education faculty possess.

In the subsequent section, I posit questions that MTEs might explore in the interest of
making SBL and the AMTE Standards more manageable, among other areas for future research

that emerge from the study’s findings.

Areas for Future Research

While the findings from the present study suggest promising approaches to improving

pre-service teachers’ MKT with respect to lesson planning, more research is ultimately needed to



168
discern and describe PST and MTE performance with respect to AMTE’s Standards as well as to
define the parameters of effective interventions. Below, I recommend several areas for continued

research.

Improving PSTs’ Achievement: MKT

The findings from this study raise compelling questions about pre-service mathematics
teacher education. Principal among them is how to best support PSTs in better comprehending
the mathematics they will be charged with teaching once they become autonomous practitioners
in the field. While findings from this study and from the literature suggest that greater exposure
to “unpacked” content knowledge (Morris & Hiebert, 2017), MTE modeling of Standards-based
mathematics instruction (Hart et al., 2016; Reid & Reid, 2017), and more opportunities to engage
with real students about their mathematical thinking (Sherin, 2002) can strengthen pre-service
teachers’ MKT, many questions remain unanswered. For example, what number of content credit
hours is ideal for K-8 PSTs? Do all PSTs require the same number of credit hours or can this
aspect of EPPs be differentiated based on prior knowledge and skills? What topics are most
essential to cover? Is there a transfer of skills from one topic to another if not all topics can be
adequately covered within the time span of an EPP? Are there ways to integrate content courses,
methods courses, and field experiences in ways that synergistically improve pre-service teachers’
MKT? As Ingram et al. (2018) noted, “from our review of the relevant literature, there has
surprisingly been only a small body of research on what interventions can improve pre-service

teachers’ mathematical content knowledge” (p. 45).
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Improving PST Access: Instructor Feedback and Field Experiences

As discussed above, timely and detailed instructor feedback was correlated with
improved performance on various components of the Standards-aligned course rubric, whereas
lack of instructor feedback on certain components was correlated with more stagnant
performance. Hence, there is evidence that instructor feedback provides access to knowledge and
skills of a master move PSTs closer to the desired level of performance in a profession. Does the
use of Standards-based rubrics such as the one outlined in this study help to focus instructor
feedback such that it advances PSTs at other institutions towards proficiency as well? Can even
further progress be made when PSTs are trained to utilize rubrics for self-evaluation purposes?
While existing research has demonstrated the utility of exemplars in supporting students’
understanding of rubric criteria (Hendry et al., 2012; Orsmond et al., 2002), more research is
needed to identify the language, structure, and training needed to enable PSTs to understand the
contents of course rubrics such that they can make accurate self-assessments about their work
and so that instructors do not need to leave extensive written feedback for PSTs to be able to
make sense of the standards, which is a time-consuming endeavor. As Hendry et al. (2012) point
out, “Further research is needed on how students with different typical approaches to study might
use exemplars in different contexts” (p. 159).

Also needed is further experimentation with field experiences. A common dilemma in the
field of mathematics teacher education is finding cooperating teachers (CTs) who model the
Standards in their instruction. With traditional, teacher-centered instruction still dominant in

most classrooms, PSTs often do not have the opportunity to observe Standards-based instruction
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in K-8 classrooms. Indeed, none of the four PSTs who student taught following my methods
course were able to be placed with teachers who utilized student-centered instruction. Although
for three of the four PSTs, their CTs granted them the freedom to teach in whatever manner they
chose to, the PSTs were unable to observe Standards-based instruction in action or to receive
targeted support from their CTs when they attempted to implement it themselves. While the
PSTs were able to learn through observation how they did not want to teach, not having the
opportunity to observe exemplary modeling of how one does want to teach and to ask questions
and seek feedback from a master is limiting. Identifying and developing field experiences for
PSTs in which they can observe and participate in Standards-based instruction and reflect on the
relationship between theory and practice is imperative for facilitating PSTs transition into the
profession in a way that supports, rather than undermines, the Standards. In what ways can
MTEs support PSTs and their cooperating teachers in linking theory and practice during their
field experiences? Could the rubric developed for this study serve as a tool for focusing
experimentation, feedback, and reflection around AMTE’s Standards? As Grootenboer (2005)
notes, “This problematic issue requires research and development with both pre-service and in-
service teachers, and the community at large” (p. 28).

In the absence of qualified CTs, MTEs can model Standards-based instruction in their
content and methods courses. But to what extent does this play a role in moving PSTs towards
proficiency with respect to the Standards? Is MTE modeling sufficient for PSTs to learn to
adequately implement Standards-based instruction? How often PSTs must experience this type
of modeling for them to break away from long-held beliefs about traditional mathematics

instruction?
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Gauging PSTs’ Access and Achievement with Respect to the Standards

While the present study found that PSTs exhibited the greatest weaknesses with respect
to aspects of the Standards requiring a strong understanding of the links between procedures and
concepts, further research is needed to further illuminate PST performance specifically with
respect to AMTE’s Standards. Such research would help to guide innovations in the field
targeted at Standards-based evaluations of PST preparedness to implement the kind of robust
mathematics instruction called for by AMTE. Further experimentation with the rubric would also
help to illuminate its utility as a tool for self-evaluation on the part of MTEs and PSTs alike as
well as its potential usefulness in guiding and evaluating practicum experiences. Can the tool be
utilized to help focus planning and feedback sessions between PSTs, CTs, and MTEs around best
practices? In what ways might it need to be adapted for such a purpose?

The codebook developed to accompany the rubric (see Appendix B) illuminates each
proficiency level in the rubric with specific examples drawn from actual PST work, contributing
a tiered progression from unsatisfactory to proficient performance with respect to the Standards
heretofore undeveloped. The rubric can be utilized as a tool by other MTEs for gauging PST
performance, reflecting on their instruction, encouraging PST self-reflection, and, potentially,
developing content-specific observation forms and guidelines for evaluating field experiences in
mathematics instruction as recommended by Johnson (2011).

Also interesting to explore would be areas in which MTEs are underperforming with
respect to the Standards. As 1 discovered through the course of this study, I was not providing

my PSTs with sufficient access to certain content, limiting their potential for growth in those
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areas. In what domains do MTEs and/or their EPPs tend to struggle to provide adequate content
and learning experiences? The answer to this question would help to inform professional
development opportunities, indicating areas for conference strands and further research to

support MTEs in teaching to the Standards.

Exploring Knowledge and Skill Transfer Within the Standards

Given the extraordinary depth and breadth of the Standards and the struggle that MTEs
and EPPs such as mine will experience in attempting to address every aspect of the standards
during the four years of a typical EPP, it is worth exploring the ways in which knowledge and
skills might transfer from one standard to another within the Standards such that MTEs could be
tasked with a more focused, manageable set of goals. The rubric I utilized for this study
incorporated 14 of the 19 indicators in the Standards, and even without attempting to address
each and every standard, my PSTs and I struggled to meet full proficiency. Particularly valuable
would be to explore links between knowledge and skills developed during EPPs and those
developed during a candidates’ first years of teaching in their own classrooms. For example, are
PSTs who demonstrate proficiency in relevant mathematical content (indicator C.1.1) and
mathematical practices and processes (C.1.2) able to successfully analyze the mathematical
content of curriculum (C.1.4), analyze and attend to students’ mathematical thinking (C.1.5 and
C.3.1), and draw on students’ mathematical strengths (C.4.3) once they are in their own
classrooms without explicitly focusing on these indicators during their EPPs? Are PSTs who
understand power and privilege in the history of mathematics education (C.4.4) able to

successfully enact ethical practice for advocacy (C.4.5) without specifically implementing the
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latter during their time in college? The answers to these questions could inform future iterations
of the Standards and/or practical guides for implementing the Standards when time and

resources are limited.

Gauging PSTs’ Sense of Identity and Power in Mathematics Education

The present study addressed two of four domains of full participation in a profession as
discussed by Lave and Wenger (1991). Access and achievement were studied in terms of PSTs’
ability to comprehend and act on master feedback (access) as they worked toward proficiency
(achievement) in lesson planning for mathematics instruction. Also worth studying would be
PSTs’ sense of identity and power within the field of mathematics education and the impact that
SBL has on these other two domains of professional participation. As other researchers have
underscored, teachers’ sense of identity and self-efficacy impact the ways in which they instruct
and interact with their students (Cooney & Shealy, 1997; Cross Francis, 2015; Cross Francis et
al., 2015; Povey, 1997; Stipek et al., 2001). Does standards-based learning help PSTs to build
positive mathematical identities that make them feel capable of promulgating change in the way
mathematics is taught in their schools and districts—or does it simply overwhelm them? How
can the Standards best be addressed within EPPs to gradually build PSTs’ skills and confidence
without discouraging them? What types of experiences are needed to support PSTs in feeling
both motivated and competent in implementing the vision set forth by AMTE (2017) and NCTM

(2000; 2014)?
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Improving Learning Outcomes in My Course

As Alonzo et al. (2019) underscore in their review of SBL in higher education,
“Academics need to reflect on student evaluation and feedback and their overall teaching and
assessment experience, and identify key areas in course design that need improvement and
modify them accordingly” (p. 641). Several questions emerged for me from this study specific to
my own students and courses. One question is the extent to which my PSTs’ performance will
improve in subsequent semesters now that [ have aligned my course rubric with AMTE’s
Standards and updated my instruction accordingly. Will my PSTs in Fall 2021 demonstrate
greater proficiency by the end of the semester in comparison with students from Fall 2019? How
will my efforts to improve course content relevant to perspectives impact their performance in
this component? I aim to investigate these questions in a follow-up study with students in my
Fall 2021 cohort, when I updated my content to encompass the perspectives category of my
rubric.

Another question is the extent to which a lack of attention to detail—the third
overarching theme identified in Chapter 4—factors into my PSTs’ performance. How many of
my PSTs, like the one I interviewed in Spring 2020, simply do not have or set aside enough time
to fully address my feedback? How can I adjust my course schedule and workload to ensure my
PSTs have sufficient time to address the feedback they receive from me on assignments without

feeling overwhelmed?
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Limitations to the Study

The findings from this study are associated with a single cohort of pre-service teachers at
one university in the United States. The participants were primarily female and White, with one
male student and with one student self-identifying as biracial. The data analyzed were limited to
lesson plans from 21 students and to one-on-one interviews with four of those students. As such,
the findings are applicable to a limited context and would benefit from replication in other
settings with more diverse groups of pre-service teachers. Given the alignment of many of the
findings with relevant literature in mathematics education, replication by other MTEs in other
contexts would be highly valuable in adding insight to our knowledge of the impact of standards-
based learning on PST performance in lesson planning for mathematics instruction.

As a teacher-researcher, it is also possible that my own biases influenced my
interpretation of the data. While I made every effort possible to view the data through a
researcher’s lens, as described in Chapter 3, the participants were ultimately my students, with
whom I spent a full semester in a master-apprentice relationship.

Another limitation of the study is the fact that PSTs can pass my K-8 methods course by
achieving nearing proficient performance on the rubric utilized for evaluating their lesson plans.
As suggested by the Details theme discussed in Chapter 4, it is possible that PSTs did not submit
lesson plans that reflected their best capabilities due to time constraints, competition from other
coursework, and/or feeling satisfied with a score that would be sufficient to pass the course and
move forward in their educator preparation programs even if it would not earn them fully
proficient performance or A’s (PSTs in my program can pass a class with a C or higher).

Although I do not believe lack of attention to detail played as significant a role in PST
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performance as lack of content knowledge and lack of teaching experience—as indicated by its
relative size in Figure 3, Chapter 4—it is impossible to know the extent to which it did impact
PST performance on their lesson planning assignments.

Finally, while I made my best efforts to write clear, comprehensible feedback to my PSTs
on their lesson planning assignments, it is possible that some of my feedback was misinterpreted
or misunderstood. While there is evidence in the findings shared in Chapter 4 that PSTs were
able to improve performance based on my feedback—suggesting that they understood at least

some of it—it may be that not all of my feedback was comprehensible to my PSTs.

Conclusions

In this study I set out to determine the ways in which feedback and revision cycles
embedded in standards-based learning enable PSTs to better develop and apply their knowledge
and skills with respect to AMTE’s Standards for Preparing Teachers of Mathematics. 1 also
wanted to know in what ways my PSTs are meeting and not meeting the Standards in their
lesson planning assignments as well as what themes emerged from their work that would provide
clues to improving their performance. Since pre-service teachers engage in a process akin to
apprenticeship as they proceed through their educator preparation programs, I framed the study
using Lave and Wenger’s (1991) notion of legitimate peripheral participation, in which
apprentices learn from masters the skills and knowledge needed to become independent
practitioners in a profession.

In this section, I summarize the findings associated with each of my three research questions:
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e In what ways does the opportunity to receive timely and specific feedback and to revise
lesson plans accordingly help PSTs to better develop and apply their knowledge and
skills with respect to AMTE’s 2017 Standards?
e In what ways are PSTs meeting and not meeting the Standards in their lesson planning
assignments?

¢ What themes emerge from PSTs’ work on lesson planning for K-8 mathematics?

The Role of Feedback in Improving PST Performance

As evidenced in Chapter 4, detailed feedback from a master in the profession of
mathematics education can help to improve PST performance on lesson planning assignments
with respect to national standards. The opportunity to receive and respond to instructor feedback
resulted in notable improvement on the part of PSTs across several components of the course
rubric. Feedback on an earlier assignment even impacted performance on a later assignment.
Despite extensive feedback, however, PSTs still struggled to achieve full proficiency in most

components of the rubric.

PST Performance with Respect to the Standards

Areas in which PSTs demonstrated the most growth following feedback included
anticipating student thinking; aligning learning standards, objectives, and assessments; planning
for a more appropriate pacing of new content; selection and utilization of resources; the design of
mathematical tasks; and posing questions to prompt student thinking and discussion. While PSTs

made notable gains in these areas, most PSTs demonstrated nearing proficient performance
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rather than proficient performance by the end of the semester. In only two components of the
course rubric did more PSTs achieve proficient performance than any other level of
performance: alignment between learning objectives and learning standards and suitability of
resources. In three components, most PSTs achieved only basic performance: differentiation,
prerequisite knowledge and skills, and perspectives. For the latter two components, instructor
oversight in these areas was partly to blame for the lower performance, underscoring the

important role of instructors in upholding and bolstering student performance.

Emergent Themes in PSTs’ Lesson Planning Assignments

Limits to the impact of instructor feedback on PST performance were linked to a lack of
sufficient content knowledge and a lack of classroom teaching experience. While PSTs
demonstrated growth in many areas, many struggled to move beyond nearing proficient
performance due to an inability to adequately explain procedures based on an understanding of
concepts. While PSTs exhibited knowledge of procedures and a basic understanding of concepts,
they could not link the two together in such a way that they could “explain the mathematical
rationales underlying key procedures” (AMTE, 2017, p. 8), limiting their ability to achieve
proficiency with respect to the Standards. PSTs also lacked experience in real classrooms,
having little opportunity to witness and participate in student learning trajectories, student
thinking, and other aspects of mathematics instruction required for effective lesson planning.
Greater opportunities to engage in proof-like work in mathematics content courses, in which
PSTs have the opportunity to explain and justify mathematical procedures based on the

underlying concepts, and to observe and participate in classroom instruction alongside
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Standards-based educators are recommended to support PSTs in meeting the Standards by the
time they graduate from their apprenticeships and become autonomous teachers in their own

classrooms.

Moving Forward

More research is needed to identify successful approaches to deepening pre-service
teachers’ content knowledge in K-8 mathematics and to including them in Standards-based
instructional experiences. More work is also needed to support PSTs in understanding and
applying rubrics for purposes of self-assessment. The field of mathematics teacher education
would benefit from replication of this study by other MTEs to gain a broader understanding of
the ways in which pre-service math teacher educators are meeting and not meeting AMTE’s
Standards. Where are the greatest weaknesses in our field? The greatest strengths? What might
we as MTEs be overlooking in our coursework and in our feedback to students that is limiting
their ability to achieve full proficiency with respect to the Standards? What Standards should we
be emphasizing most heavily within the limited time span of an educator preparation program?
These are crucial questions in an era when mathematical literacy is increasingly paramount to
individual and societal success. By aligning our instruction to the most crucial elements of the
Standards, which stive for mathematical literacy for a// students, MTEs can play a part in

creating a more informed and equitable society.
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P = Proficient, NP = Nearing Proficient, B = Basic, U = Unsatisfactory

Non-italicized examples describe actual student lessons and unit plans; italicized examples represent
researcher’s descriptions of modifications to the student lessons and unit plans that would place them at a
different level of proficiency.

mathematical
rationales
underlying key
procedures.

AMTE C.1.5
Recognize that
engaging in
mathematics is
more than
finding an
answer.

Danielson la
Know which
questions sit on
the fringes of
what is known
and which
questions are
likely to interest
students, yield
greater
understanding,
or represent
conceptual dead
ends.

relationships to
procedures; tasks
and prompts help
students to link
procedures and
concepts.

NP: Demonstrates
sufficient
understanding of
mathematical
concepts and their
relationships to
procedures but
exhibits some gaps
in knowledge,
tasks and prompts
help students to
connect
procedures to
concepts but PST
overlooks an
aspect of the
procedure or
concept.

“bundle” of ten tens
equaling 100 before
moving on to
represent three-digit
numbers with the

blocks.

NP: In an
introductory unit on
three-digit numbers,
PST plans to have
students use base-10
blocks to represent
three-digit numbers
and to ask students
what each block
represents and how
they know this;
however, PST
overlooks the
importance of first
building up the
concept of a
“bundle” of ten tens
equaling 100 before
modeling three-digit
numbers with the
blocks.

Forms of

AMTE & Access to

Danielson Professional Definitions Example 1 Example 2

Standards Skills &

Knowledge
Code: Demonstrating Knowledge of Content/Mathematical Concepts

AMTE C.1.1 Prior P: Demonstrates P: Unit would need | P: Unit would
Explain the coursework solid to begin with ensure that students
meanings of key | (Math for understanding of | modeling and can explain their use
concepts and Elementary mathematical discussing the of counters, what
explain the Teachers I & II) | concepts and their | concept of a they represent, and

what it means to add
numbers.

NP: PST would have
Students use
counters to add
single-digit
numbers, with an
emphasis on
ensuring students
can explain why
they are using the
counters and how
the counters
represent the values
they are adding;
however, PST would
overlook the
importance of
having students
explain what it
means to add
numbers.
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B: Demonstrates
limited
understanding of
mathematical
concepts and
struggles to
connect
procedures and
concepts, tasks
and prompts focus
on answers.

U: Demonstrates
significant gaps
and
misunderstandings
in mathematical
knowledge,
procedures and
concepts are
misunderstood or
inappropriately
linked.

B: Unit would
utilize the blocks to
represent three-digit
numbers but would
not incorporate any
discussion of why
each block is used
to represent each
place value;
students would
simply follow
teacher’s lead in
using designated
blocks for each
place value.

U: Unit would
incorporate
inaccurate
mathematics, such
as stating that each
place value is 10
more (rather than
10 groups more)
than the previous
place value.

B:Inan
introductory unit on
addition, PST plans
to have students use
counters to add
single-digit numbers
and to ask how
many counters they
have in all when
they put them
together.

U: Unit would state
that the word
“more”
automatically
indicates addition
without
acknowledging that
“more” can also
appear in
subtraction
problems such as,
“Jill has 3 apples
and Juan has 2.
How many more
apples does Jill
have?”

Code: Demonstrating Knowledge of Content/ Significance

AMTE C.1.2 Prior P: Incorporates P: In an P: In addition to
Apply coursework mathematical or introductory unit on | having students
mathematical (Math for real-world surface area, PST write down the class
knowledge to Elementary scenarios that plans to have schedule and show
real-world Teachers I & II) | aptly illuminate students determine | the appropriate
situations by mathematical the exact amount of | times, PST would
using Course concepts and wrapping paper also ask students
mathematical textbook naturally lend needed to wrap a why it is important
modeling to (Mathematical | themselves to package with no to have a schedule
solve problems. | Mindsets) modeling. gaps or overlaps so | and to be able to
that no paper is recognize the times
AMTE C.1.5 Instructor wasted. on the schedule.
Make modeling of
connections Notice & NP: Incorporates | NP: PST would NP: In an
across Wonder and 3- | mathematical or have students introductory unit on
disciplines in Act Tasks real-world determine the telling and writing
ways that scenarios that are | surface area of time, PST plans to
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illuminate
mathematical
1deas.

Danielson 1a
Identify
connections
with other
aspects of the
discipline or
with other
disciplines.

relevant and lend
themselves to
modeling but are
not fully
developed.

B: Incorporates
mathematical or
real-world
scenarios that are
tangential or
contrived, or that
are disconnected
from the rest of the
lesson.

U: Incorporates
mathematical or
real-world
scenarios that are
inappropriate
and/or do not
suggest a purpose
for the
mathematical
activity.

household objects
but would not
discuss why anyone
would need to know
the surface area of
these objects.

B: PST would
mention that surface
area is important
for things like
wrapping packages
but would have
students practice
finding surface area
via a standard
worksheet.

U: PST would have
students find the
surface area of a
piece of paper,
which could lead
students to conflate
2D area with 3D
surface area
(inappropriate); or
PST would have
students complete a
standard worksheet
with no discussion
as to how or why
surface area
calculations can be
applied
(mathematical
scenarios do not
suggest a
purpose*).

ask students to write
down the class
schedule and show
the appropriate
times on analog and
digital clocks, but
students are not
asked to consider
why schedules and
telling time are
useful.

B: PST would make
up several random
story problems such
as, “Ana sees that it
is 4 o’clock. What
does her clock look
like?”

U: PST would have
students use their
clocks to show the
times on a military
schedule

(inappropriate).

*NOTE: The NP example for this category also does not explicitly discuss purpose; however, this
example lends itself to modeling and merely requires the addition of a discussion to move the lesson to
P, whereas the U example does not lend itself to modeling or suggest a purpose, indicating that the
lesson requires significant further development to advance toward proficiency.

Code: Demonstrating Knowledge of Content/Prerequisite Knowledge and Skills

AMTE C.1.4

Prior
coursework

P: Invokes key
background

P: In addition to
having students

P: In an introductory
unit on fraction
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Make important
connections
among the
mathematics
taught in the
grades or units
before and after
what they are
teaching.

AMTE C.2.2
Consider the
prior knowledge
and experiences
students bring to
a lesson.

AMTE C.3.1
Know the
mathematics
that comes
before and after
a given topic.

Danielson 1a
Understand
prerequisite
relationships
among topics
and concepts
and links to
necessary
cognitive
structures by
students to
ensure
understanding.

(Math for
Elementary
Teachers I & 1I)

Montana
Common Core
Standards for
Mathematical
Practice &
Content

Course
textbook
(Mathematical
Mindsets)

Excerpts from
Making Sense:
Teaching and
Learning
Mathematics
with
Understanding

knowledge and
skills in lesson
plans, providing a
solid foundation
for building new
knowledge and
skills.

NP: Invokes
relevant
background
knowledge in
lesson plans but
overlooks a
relevant concept
or skill, or
incorporation of
prior knowledge
or skills requires
further
development to
provide a strong
foundation for
building new
knowledge and
skills.

B: Identifies
relevant
background
knowledge but
does not attempt to
useitas a
foundation to build

utilize prior
knowledge of skip-
counting to help
them find sums of
nickels and sums of
dimes, PST would
ask students to
recall and apply
strategies they have
learned for adding
two-digit numbers
before having them
find sums of various
coin combinations.

NP: In an
introductory unit on
solving problems
with coins, PST
would identify and
incorporate prior
knowledge of
adding two-digit
numbers but would
overlook relevant
knowledge of skip-
counting, which is
useful but not
essential.

B: Inan
introductory unit on
solving problems
with coins, PST
identifies and
incorporates prior
knowledge of skip-
counting into
lessons but
overlooks prior

equivalence, PST
plans to have
students split a
graham cracker
equally among four
group members and
to identify the
fractional name of
each member’s
piece; then she will
pass out another
graham cracker, this
time split into 8
pieces, and ask the
students to share the
pieces equally and
determine whether
they will end up
with the same
amount of graham
cracker as before.

NP: PST would have
students warm up by
naming several
fractions pictured as
pies then would
provide a definition
of equivalent
fractions for them
before moving on to
having students use
their fraction strips
to identify several
fractions equivalent
to ¥%; PST would
ensure that prior
knowledge of
naming fractions is
intact, but this
knowledge would
not be used to lead
to a discovery of
fraction
equivalence.

B: PST would
acknowledge that
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new knowledge
and skills,; or
identifies and
incorporates some
relevant

knowledge of two-
digit addition,
simply expecting
students to be able
to find sums of

students should be
able to recognize
and name proper
fractions before
learning about

knowledge but various coin equivalent fractions
overlooks a combinations with | but would not invoke
fundamental no reference to or utilize this prior
concept. previously learned | knowledge within
strategies for multi- | the lesson.
digit addition.
U: Does not U: PST would begin
identify or U: PST would not the lesson by
incorporate mention or include | incorrectly
relevant prior knowledge describing the
background that would be numerator as
knowledge or necessary for determining the size
skills, or finding sums of of a fraction—the
incorporation of various coin more pieces, the
knowledge or combinations. bigger the fraction.
skills is
inappropriate.

Code: Demonstrating Knowledge of Content/Students’ Thinking

AMTE C.3.1
Try to see
mathematical
situations
through
students’ eyes.

AMTE C.3.2
Anticipate
students’
diverse solution
strategies.

Prior
coursework
(Math for
Elementary
Teachers I & 1I)

Montana
Common Core
Standards for
Mathematical
Practice &
Content

Course
textbook
(Mathematical
Mindsets)

Excerpts from
Making Sense:
Teaching and
Learning
Mathematics

P: Anticipates an
appropriate range
of potential
solution strategies
and responses;
anticipates
potential points of
confusion.

P: In an
introductory unit on
multiplication, PST
anticipates a range
of strategies,
including pictures,
counters, skip
counting, and
arrays; a template is
provided for
arranging equal
groups for students
who may struggle to
organize their work,
and guiding
questions are
incorporated to help
students make the
intended
connections, for
example, “How
many-wheels does
each car have

P: PST would expect
Students to
determine whether
numbers are prime
or composite either
by factoring the
numbers using lists
or factor trees
and/or by using
Cuisenaire rods to
determine whether
the numbers can be
divided into equal
parts using rods
other than just the
unit rods; PST
would provide
multiplication tables
as an aid and would
plan guiding
questions such as,
“Can you find this
number on the
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with
Understanding

Teaching
Channel &
Inside
Mathematics
videos

NP: Anticipates
potential solution
strategies and
responses but
overlooks a key
strategy or
response; may not
anticipate
potential points of
confusion.

B: Expects a
single specific
solution strategy
and response;
does not anticipate
potential points of
confusion.

individually? Does
each car have an
equal number of
tires?”

NP: PST would
anticipate a more
limited number of
strategies such as
pictures and
counters only,
overlooking skip
counting and/or
arrays, or PST
would not anticipate
potential points of
struggle such as
students struggling
to organize their
equal groups or not
recognizing how
parts of cars relate
to equal groups.

B: PST would focus
on one strategy
only, such as the use
of counters to show
equal groups, and
would not
incorporate plans
for addressing
potential points of
struggle.

multiplication table?
What do you think it
means if you can
find numbers close
to it but not this
exact number?”’
and, “I see you
listed 9 as prime,
can you explain
your reasoning?
Which rods did you
try to fit into 9? Did
you try all of them to
see if there’s one
that will divide it
equally?”

NP: PST would
expect students to
factor each number
to determine
whether it is prime
or composite by
listing out known
multiplication facts
or using a factor
tree and would
provide
multiplication tables
as a helpful tool for
students who may
struggle with
multiplication facts.

B:Inan
introductory unit on
prime and composite
numbers, PST
expects students to
list out the factors of
each number to
determine whether it
is prime or
composite without
any indication of
other strategies that
might be used or of
potential points of
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U: Does not
indicate expected
or anticipated
solution strategies
or responses, does
not anticipate
potential points of
confusion.

U: PST would
merely state that
students would be
solving
multiplication
problems, with no
indication of
expected solution
Strategies or
potential points of
struggle.

struggle in
identifying factors.

U: PST would
merely state that
students would be
identifying prime
and composite
numbers, with no
indication of how
they would be
expected to do so or
in what ways they
might struggle.

Code: Setting Instructional Outcomes and Assessment/Alignment Between Learning Objectives and
Learning Standards

AMTE C.2.2
Articulate and
clarify
mathematics
learning goals.

Danielson 1c
Establish clear
instructional
outcomes that
relate to content
standards and
are appropriate
for students.

Prior
coursework
(Curriculum
Theory &
Design)

Montana
Common Core
Standards for
Mathematical
Practice &
Content

Supplemental
reading on
writing
effective
learning
objectives

Instructor
exemplars

P: Learning
objectives align
with an
appropriate
grade-level
standard in a
clear, specific, and
measurable way.

NP: Learning
objectives align
with an
appropriate
grade-level in a
way that is either
clear, specific, or
measurable, but
not all three, or
learning objectives
align with a
standard that is
similar to the

P: PST would write
the following
objective for the
kindergarten
standard on
decomposing
numbers less than
or equal to 10 into
pairs in more than
one way: “Students
will be able to
decompose the
number 10 into at
least two different
pairs using counters
and a tens frame.”

NP: PST would
write the following
objective, but align
it with the
kindergarten
standard on finding
the number that
makes ten when
given a number 1-9
instead of the
standard on
decomposing 10
into pairs:

P: PST would write
an objective such as,
“Students will be
able to explain
verbally or in
writing that values
such as 10 and -10
are on opposite
sides of zero within
the context of real-
world scenarios
such as sea level or
temperature.”

NP: PST would
write an objective
such as, “Students
will understand that
values such as 10
and -10 are the
same distance from
zero on the number
line but are on
opposite sides.’

’
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standard indicated
in the lesson in a
clear, specific, and
measurable way
but the actual
standard that the
lesson addresses is
a different
standard than the
one indicated in
the lesson.

B: Learning
objectives appear
to align with an
appropriate
grade-level
standard but are
not fully clear,
specific, or
measurable.

U: Learning
objectives do not
align with an
appropriate
grade-level
standard or are
too unclear to
decipher.

“Students will be
able to decompose
the number 10 into
at least two different
pairs using counters
and a tens frame.”

B: PST writes the
following objective
for a kindergarten
lesson on
decomposing
numbers less than or
equal to 10 into
pairs: “Students will
be able to write the
numbers they are
decomposing.”

U: PST would write
an objective that is
so vague that
alignment could not
be determined, for
example, “Students
will be able to
decompose,” with
no indication of
whether students
will be decomposing
numbers or shapes,
or what types of
numbers or shapes
they would be
working with.

B: PST would write
an objective such as,
“Students will learn
that positives and
negatives are
opposites.”

U: PST writes the
following objective
for a 6 grade
lesson on
understanding that
positive and
negative numbers
are used together to
describe quantities
having opposite
directions or values
even though
addition and
subtraction of
integers is not
introduced until 7t
grade: “Students
can show me that
subtracting a
negative number
from a negative
number uses the
process of ‘adding
the opposite.””

Code: Setting Instructional Outcomes and Assessment/Alignment Between Learning Objectives and

Assessments

AMTE C.2.4
Elicit and use
evidence of
student learning
and engagement
to analyze
teaching.

Danielson 1c

Prior
coursework
(Assessment in
Education)

Montana
Common Core
Standards for
Mathematical

P: Objectives and
assessments align
in terms of both
content and
process and are
supported by the
lesson’s main
activities,
examples of

P: PST would
clarify in the
objective that
Students are
explaining the place
values of three-digit
numbers and would
provide an example
number such as 243

P: PST would plan
to assess the
objective as
described below and
would include
relevant discussion

during the lesson,
PST would also

provide an example
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Establish
outcomes that
permit viable
methods of
assessment.

Danielson 1f
Design
assessments that
are appropriate
to different
types of
outcomes and
establish
standards of
performance.

Practice &
Content

Course
textbook
(Mathematical
Mindsets)

Teaching
Channel &
Inside
Mathematics
videos

Instructor
exemplars

satisfactory
student work and
explanations that
would meet the
objectives are
provided.

NP: Objectives
and assessments
are mostly aligned
in terms of both
content and
process and are
supported by the
lesson’s main
activities but may
require further
development
and/or examples of
satisfactory
student work and
explanations that
would meet the
objectives are not
provided.

B: Objectives and
assessments align
in terms of content
or process but not
both, or objectives

along with an
example student
response such as,
“The 2 means 200,
the 4 means 4 tens,
and the 3 means 3
ones.”

NP: In a 2" grade
lesson on three-digit
numbers, PST
includes the
objective, “Students
will be able to
explain the different
place values of
digits in a given
number,” and plans
to assess the
objective by having
students write an
exit ticket “in which
they have to explain
the different place
values of digits in a
given number” after
using base-10
blocks to represent
and discuss three-
digit numbers
during the lesson;
however, the
specific number to
be used in the exit
ticket nor an
example response
are provided, and
it’s unclear from the
objectives the
number of place
values being studied
in the lesson.

B: PST would plan
to assess the
objective by having
students show a
three-digit number

student response
such as, “Inches are
related to feet
because 12 inches
are in a foot, but
centimeters are
smaller than inches
and are not part of
the same
measurement
system.”

NP: PST would plan
to assess the
objective by having
students explain the
difference between
inches, centimeters,
and feet either
verbally or in
writing and would
support the objective
by including explicit
attention to these
three units as
Students measure
objects with a ruler.

B: PST would plan
to assess the
objective by having
students explain the
differences between
inches, centimeters,
and feet either
verbally or in
writing, which
would align with the
objective, but would
not support this
objective via the
lesson activities,
which focus on
measuring objects
with a ruler without
any explicit
attention to these
three different units.
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and assessments
align but are not
supported by the
main activities in
the lesson.

U: Objectives and
assessments are
unaligned and/or
inappropriate, or
aligned cannot be
discerned due to
lack of clarity.

using base-10
blocks without
requiring
explanation.

U: PST would plan
to assess the
objective by having
students find the
sum of two three-
digit numbers.

U: In a 2™ grade
lesson on measuring
objects with rulers,
PST includes the
objective, “Students
will be able to
differentiate inches,
centimeters, and
feet,” but plans to
evaluate the
objective via an
unspecified math
notebook entry at
the conclusion of a
lesson that
emphasizes
measurement with
rulers but does not
include explicit use
or discussion of
these three different
measurement units.

Code: Setting Instructional Outcomes and Assessment/Level of Cognitive Demand of Objectives and

Assessments

AMTE C.2.2
Elicit evidence
of students’
progress toward
the intended
mathematics
learning goals
using a
repertoire of
strategies.

AMTE C.24
Gather evidence
on students’
multiple
mathematical
knowledge
bases.

AMTE C4.2

Prior
coursework
(Assessment in
Education)

Course
textbook
(Mathematical
Mindsets)

Teaching
Channel &
Inside
Mathematics
videos

Instructor
exemplars

P: Objectives and
assessments reflect
a high level of
cognitive demand
and are designed
to elicit
information about
both conceptual
and procedural
understanding;
opportunities are
provided for
student self-
evaluation.

P: PST would make
the objective more
measurable by
specifying that
students will
describe the
relationship
between area and
perimeter and
would provide more
targeted prompts
designed to elicit
their findings about
this relationship, for
example, “What do
you notice about the
areas of your
rectangles? Are
they the same as the
perimeter? Does the
area change or stay

P: PST would
include questions
designed to prompt
student self-
evaluation such as,
“How comfortable
do you feel with
decomposing
numbers? What
strategies did you
find helpful in
decomposing
numbers?”

NP: In a 1% grade
lesson on
decomposing
numbers, PST aims
for students to
demonstrate
understanding that
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Develop
positive
mathematical
identities by
focusing on
robust goals for
what is
important to
know and be
able to do in
mathematics,
including doing
mathematics for
one’s own sake.

Danielson 1c¢
Establish
instructional
outcomes that
represent
important
learning, high
expectations for
students, and
intellectual
rigor.

Danielson 3d
Involves
students in
frequently
assessing and
monitoring the
quality of their
own work
against the
assessment
criteria and
performance
standards.

NP: Objectives
and assessments
reflect a high level
of cognitive
demand and are
designed to elicit
information about
both conceptual
and procedural
understanding but
are not fully
developed and/or
opportunities are
not provided for
student self-
evaluation.

B: Objectives and
assessments reflect
a low level of
cognitive demand
and primarily
emphasize

the same? Do you
notice a pattern in
the way the area
changes?”

NP: In a 4 grade
unit on area and
perimeter, PST
includes a lesson
with the objective
for students to
explore the
relationship
between area and
perimeter by
creating various
rectangles with a
fixed perimeter
using grid paper; the
objective is assessed
through observation
and targeted
questioning, but
questions emphasize
strategies for
finding area and
perimeter rather
than the relationship
between them;
opportunities are
provided for student
self-evaluation but
emphasize
perimeter only:
“What strategies
have you learned
today that can help
you find side
lengths and
perimeter?”’

B: The objective for
the lesson would be
for students to find
the areas and
perimeters of
various rectangles
and would assess

numbers can be
decomposed in
multiple ways and
plans to assess the
objective by having
students model
different ways to
split the number 10
into groups using
counters and asking
questions such as,
“Did everyone’s
groups look the
same? What do you
think this means?”
However, no
opportunities are
provided for student
self-evaluation.

B: The objective for
the lesson would be
for students to
decompose numbers
and PST would plan
to assess the
objective by looking
for correct
decompositions from
each student,
without any
discussion as to the
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procedural
understanding.

U: Objectives and
assessments
emphasize
memorization
only.

the objective by
looking for correct
calculations.

U: The objective of
the lesson would be
for students to
memorize the
formulas for area
and perimeter.

significance of
decomposition.

U: PST would plan
to have students
memorize pairs of
numbers that add to
10.

Code: Setting Instructional Outcomes and Assessment/Developmental Progression and Pacing

AMTE C.1.4
Make decisions
about the
sequencing and
time required to
teach content in
depth.

AMTE C.2.2
Understand
mathematics
learning goals
for lessons and
units and how
these goals fit
within a
developmental
progression of

student learning.

Danielson le
Design lessons
and units in
which the
development of
concepts from
simpler to more
complex is
clear.

Danielson 3¢
Pacing is
appropriate to
the students and

Prior
coursework
(Curriculum
Theory &
Design)

Montana
Common Core
Standards for
Mathematical
Practice &
Content

Excerpts from
Making Sense:
Teaching and
Learning
Mathematics
with
Understanding

Teaching
Channel &
Inside
Mathematics
videos

Instructor
exemplars

P: Learning
objectives reflect
appropriate
attention to the
developmental
progression of a
concept,
supporting
procedural fluency
by first developing
conceptual
understanding.

NP: Learning
objectives reflect a
slightly rushed or
prolonged
developmental
progression of a
concept but afford
some opportunity
to develop
conceptual
understanding.

P: PST would aim to
have students
explain what it
means to add in the
context of multiple
real-world
scenarios through
the use of various
tools such as
counters, pictures,
and number lines
and would
encourage students
to relate these tools
to representations
involving symbols
and equations.

NP: PST would aim
to have students be
able to explain what
it means to add
numbers together
and why this is
useful in the context
of real-world
scenarios, however,
emphasis would still
shift too quickly to
solving problems in
the format of
equations without
explicit attention to
how symbolic

P: PST would aim to
have students
measure objects to
the nearest inch and
to be able to explain
the relevance of
measurement in the
context of real-
world scenarios,
including objects
that measure exactly
to an inch and those
that must be
estimated to the
nearest inch.

NP: PST would aim
to have students
measure objects to
the nearest inch and
to be able to explain
the relevance of
measurement in the
context of real-
world scenarios but
would spend the
entire introductory
unit measuring
objects that align
perfectly with the
inch marks on a
ruler without
moving on to
estimate objects to
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to the content;
students do not
feel rushed and
time does not
drag.

B: Learning
objectives proceed
far too quickly or
slowly through the
developmental
progression of a
concept, rushing
through concepts
to focus on
procedures.

U: Learning
objectives
overlook
conceptual
understanding
and/or do not
follow a logical
developmental
progression.

representations
relate to earlier
tactile and visual
strategies.

B: In a three-day
kindergarten unit
introducing
addition, PST aims
to have students
combine colored
cubes to find sums
within 5 on day 1,
learn how to use the
+ and = signs for
sums within 5 on
day 2, and solve
addition equations
within 10 on day 3,
with an emphasis on
arriving at correct
sums as opposed to
understanding what
it means to add or
how addition is
relevant to real-
world problem
solving.

U: Learning
objectives would
emphasize solving
addition equations
from day 1, with no
explicit introduction
to or discussion of
what the + or =
sign mean.

the nearest inch that
do not align
perfectly with inch
marks.

B: PST would aim to
have students
measure to the
nearest inch on day
1, the nearest foot
onday 2, and the
nearest yard on day
3, with no discussion
of why measurement
is a relevant skill.

U: In a 2" grade
unit introducing
measurement with
rulers, PST aims to
have students
measure objects in
the classroom with
no discussion of
how to measure to
the nearest inch or
what to do when
objects don’t line up
perfectly with one of
the inch marks on a
ruler.

Code: Demonstrating Knowledge of Resources/Suitability of Resources

AMTE C.1.4
Decide whether
to replace or
adapt materials
to better address
the content and

Prior
coursework
(Math for
Elementary
Teachers I & 1)

P: Selected
resources are
optimally suited to
the mathematical
content intended to
be conveyed in a
lesson or unit.

P: PST would
incorporate the use
of tens frames in
conjunction with
counters to support
students in solving

P: PST would
incorporate
Cuisenaire rods
and/or inch tiles in
the unit, with the
intention of having
students model
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process
expectations.

AMTE C.1.6
Know when and
how to use
digital and
physical tools to
explore
mathematical
and statistical
ideas and to
build conceptual
understanding
of these;
recognize the
insights to be
gained and
possible
limitations of
different tools.

Danielson 1d
Know a wide
range of
resources
available for
enhancing
content,
including
district,
professional,
and community
resources, and
utilize these
resources
flexibly.

Danielson 3¢
Choose
resources and
instructional
materials that
are suitable for
the students and
applicable to the
instructional
outcomes.

Prior
coursework
(Instructional
Technology)

Montana
Common Core
Standards for
Mathematical
Practice &
Content

Sample Go
Math!
curriculum
guides

Teaching
Channel &
Inside
Mathematics
videos

Instructor
modeling

In-class practice
with
mathematical
manipulatives

NP: Selected
resources are
suited to the
mathematical
content intended to
be conveyed in a
lesson or unit but
a particularly
salient resource
has been
overlooked.

B: Selected
resources are
unnecessarily
limited and/or
selected resources
may be used for
the mathematical
content intended to
be conveyed in a
lesson or unit but
other resources
would be better
suited to the
content.

U: Selected
resources are ill
suited to the
mathematical
content intended to
be conveyed in a
lesson or unit.

for missing addends
when the sum is 10.

NP:Ina
kindergarten lesson
on solving for
missing addends
when the sum is 10,
PST plans to have
students draw
pictures and use
counters to solve
word problems such
as, “How many
cookies did Sarah
get at the bakery if
she had 8 cookies
but now has 10?” as
well as play Phase
10; however, PST
overlooks tens
frames as a
particularly salient
tool.

B: PST would plan
to have students use
only one resource
for solving missing
addend problems,
such as counters OR

pictures but not
both.

U: PST would use
flash cards such as
7+ =10inthe
unit but no other

supporting
manipulatives or
resources.

prime and composite
numbers with the
rods and/or via
rectangles (e.g., a
rectangular area of
12 units can be
composed with more
than one Lx W
combination,
making it composite,
whereas a
rectangular area of
7 units cannot, so it
is prime).

NP: PST would plan
to use beans and
would also include
factor rainbows and
multiplication tables
in the unit but would
overlook Cuisenaire
rods or inch tiles as
particularly salient
tools.

B: In a 4" grade
lesson introducing
the difference
between prime and
composite numbers,
PST plans to have
students use beans
to attempt to create
equal groups out of
the numbers 3, 4, 5,
and 6.

U: PST would plan
to have students use
a number line for
identifying prime
and composite
numbers.
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Code: Demonstrating Knowledge of Resources/Use of Resources

AMTEC.1.4
Decide whether
to replace or
adapt materials
to better address
the content and
process
expectations.

AMTE C.1.6
Know when and
how to use
digital and
physical tools to
explore
mathematical
and statistical
ideas and to
build conceptual
understanding
of these;
recognize the
insights to be
gained and
possible
limitations of
different tools.

AMTE C.2.3
Weave a
mathematical
idea across
many
representations
in ways that
help students
see connections
among
representations
and see
affordances of
different
representations.

Danielson 1d

Prior
coursework
(Math for
Elementary
Teachers I & 1)

Prior
coursework
(Instructional
Technology)

Course
textbook
(Mathematical
Mindsets)

Excerpts from
Making Sense:
Teaching and
Learning
Mathematics
with
Understanding

Teaching
Channel &
Inside
Mathematics
videos

Instructor
modeling

In-class practice
with
mathematical
manipulatives

P: Resources are
utilized to support
student
exploration and
sense making and
to illuminate
important
mathematical
connections,
students are given
choice in how
resources are
utilized whenever
appropriate.

NP: Resources are
utilized to support
student
exploration and
sense making and
to illuminate
important
mathematical

P: In a 3" grade
lesson on equal
groups, PST plans
to show a video of
Hot Wheels cars
and to have students
notice the equal
groups in the video
(groupings of cars
and groupings of
items on the cars
such as sets of tires)
then to have
students use
manipulatives or
drawings to model
other equal
groupings of items
on a set of cars
while responding to
prompts such as,
“How do you know
you have equal
groups?” PST then
plans to have
students compare
and contrast an
image of a pickup
truck and a semi to
distinguish between
equal groups and
non-equal groups
(for example,
pickups and semis
do not have equal
groups of tires).

NP: PST would plan
to have students
notice and discuss
equal groups in the
video but not model
them with
manipulatives, or
PST might plan to

P: PST would plan
to have students
create a picture
using triangles,
circles, and squares,
with explicit
instructions to use
these shapes to
model objects they
see in the world
around them;
students would be
expected to justify
their use of specific
shapes to model
specific objects
based on the
properties of the
shapes, for example
using circles to
represent the wheels
on a car because
wheels are round
like circles.

NP: PST would plan
to have students
create a picture
using triangles,
circles, and squares,
with explicit
instructions to use
the shapes to model
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Know a wide
range of
resources
available for
enhancing
content,
including
district,
professional,
and community
resources, and
utilize these
resources
flexibly.

Danielson 3¢
Engage students
mentally
through the use
of instructional
resources and
support student
choice,
adaptation, or
creation of
materials to

connections but
efforts require
further
development to be

fully effective.

B: Resources are
utilized in a
prescriptive or
non-mathematical
manner with little
or no opportunity
for exploration,
sense making, or
illuminating
important
mathematical
connections.

U: Resources are
utilized incorrectly

have students model
and discuss equal
vs. unequal groups
devoid of a
relatable context.

B: PST would plan
to have students
follow the teacher’s
lead in drawing
equal groups,
counting totals, and
writing the
associated number
sentences such as 5
+5+5=15
without discussion
about the
significance of what
they are doing or
why they are doing
it.

U: PST would have
students model

objects they see in
the world around
them but with no
discussion of why
they chose to model
specific objects with
specific shapes.

B: In a kindergarten
lesson on shapes,
PST plans to have
students draw a
picture of
themselves or of an
animal using at least
3 triangles, 3 circles,
and 3 squares, with
no effort to
encourage students
to utilize the shapes
to model real-world
objects that might be
more appropriate to
the shapes or to
discuss why they
might use particular

enhance or inappropriately | word problems shapes to represent
learning. or, manner of use | involving equal particular real-world
cannot be groups by objects.
determined from instructing them to
the lesson. identify the U: PST would plan
multiplication to have students
sentence and make a tessellation
replace the numbers | using cutouts of
with counters, for triangles, circles,
example, 3x 2 = and squares, which
e0e x 00, is not possible to do.
Code: Instructional Strategies/Coherence
AMTE C.1.4 Prior P: Lessons and P: In a 6" grade P: PST would have
Make decisions | coursework units feature a lesson introducing students begin the
about the (Curriculum well-defined, surface area, PST lesson by discussing
sequencing and | Theory & unifying theme and | plans to have why it is helpful to
time required to | Design) a logical flow, students notice and | know how to add

teach the
content.

Excerpts from

Making Sense:

with opportunities
for reflection and
closure.

wonder about a set
of three-
dimensional shapes

coins together and
would encourage
them to each think of
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Danielson le
Design lesson
and unit plans
that reflect a
logical
sequencing of
activities and in
which the
instructional
outcomes,
activities,
materials,
methods, and
grouping of
students are all
in alignment.

Danielson 3¢
Design coherent
lessons that
allow for
reflection and
closure.

Teaching and
Learning
Mathematics
with
Understanding

Teaching
Channel &
Inside
Mathematics
videos

Instructor
modeling

Instructor
exemplars

NP: Lessons and
units feature a
unifying theme, a
mostly logical
flow, and
opportunities for
reflection and
closure, but one or
more of these
elements requires
further
development.

including a cube, a
rectangular prism,
and a triangular
prism; students will
then use graph
paper to find the
area of one of the
faces of a cube and
form a hypothesis
about how to find
the total of all of the
faces and then do
the same for a
rectangular prism,
with the triangular
prism being an
optional challenge;
toward the end of
the lesson, PST
informs students
that what they have
found is called
surface area and
asks them to write
down their new
discoveries about
surface area in their
math journals.

NP: PST would plan
for the above
activities but the
wrap-up might
simply involve the
teacher explaining
to students that
what they have
found today is
called surface area
without students
reflecting on their
own discoveries, or
PST might have
students find all of
the faces of a cube
and rectangle
without including
explicit discussion

an item theyd like
to save up to buy
before having them
engage in the piggy
bank activity; PST
would plan to have
students share and
discuss their
strategies for finding
their totals and to
write down their
favorite strategy
they learned from a
peer.

NP: PST would
follow the plan
below (which
includes one
divergent activity)
but would also
include a closing
discussion about
why it is helpful to
know how to find
sums of coins.

B: In a 2" grade
lesson on finding
sums of coins, PST
plans to have
students sing along
to a song reviewing
coin names and
values then to fill up
a piggy bank with
10 coins
(determined by rolls
of a dice with
images of the coins)
and find the total
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B: Lessons and
units feature a
mostly logical flow
but include abrupt
transitions, do not
include a
discernible theme,
and/or
opportunities for
reflection and
closure are absent.

U: Lessons and
units feature an
inappropriate
theme and/or the
flow of the lesson
or unit is not
logical.

comparing and
contrasting the two.

B: PST would have
students find the
area of a rectangle,
then define surface
area without any
discussion of the
connection between
the two, students
would find the sum
of all the areas of
the faces of a cube
and rectangular
prism, ending the
lesson by having
students hand in
their work without
any closure or
student self-
reflection.

U: PST would
define surface area
then have students
practice finding the
areas of several 2D
rectangles before
ending the lesson by
having students find
the surface area of
a cube, with
potential confusion
resulting from
defining surface
area immediately
before an activity
involving 2D area.

value before moving
on to an activity
where they find
different coin
combinations that
add up to the same
total; lesson ends
with students filling
out a piggy bank
worksheet where
they find the totals
of given sets of
coins.

U: PST would plan
to have students
order the coins from
smallest to largest in
size to review their
names and values
(without taking time
to discuss the
discrepancies
between size and
value) then teach
students the
difference between
the dollar and cents
symbol before
having students find
different coin
combinations that
add up to the same
total (with none of
the totals requiring
the use of the $
symbol) before
concluding with the
piggy bank
worksheet.

Code: Instructional Strategies/Nature of Tasks

AMTE C.2.2
Select
cognitively
challenging
mathematical

Prior
coursework
(Math for
Elementary
Teachers I & 1I)

P: Tasks position
Students as the
primary doers and
feature a high
level of cognitive

P: Rather than
provide the
worksheet, PST
would verbalize the
scenario (e.g.,

P: PST would have
students explore
integers using red
and black chips on a
balance,
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tasks that
provide multiple
entry points and
varied solution
strategies to
motivate student
learning,
develop new
mathematical
knowledge, and
build
connections
between
conceptual and
procedural
understanding.

AMTE C.2.3
Position
students as
authors of ideas.

Danielson le
Prepare
activities and
assignments that
emphasize
thinking and
problem-based
learning, permit
students choice
and initiative,
and encourage
depth rather
than breadth.

Danielson 3d
Prepare
activities and
assignments that
challenge
students to think
broadly and
deeply, to solve
a problem, or to
otherwise
engage in

Course
textbook
(Mathematical
Mindsets)

Excerpts from
Making Sense:
Teaching and
Learning
Mathematics
with
Understanding

Teaching
Channel &
Inside
Mathematics
videos

Supplemental
resources on
strategies to
promote critical
thinking such as
Notice &
Wonder, Which
One Doesn’t
Belong,
Same/Different,
etc.

Instructor
modeling

Instructor
exemplars

demand,
permitting non-
algorithmic
thinking and
multiple solution
strategies and
fostering
conceptual as well
as procedural
understanding.

NP: Tasks foster
conceptual as well
as procedural
understanding but
are teacher
directed rather
than student
driven, or tasks
feature the
characteristics of
proficiency but
require further
development to be

fully effective.

“there were 6 lady
bugs and then some
more joined and
now there are 8”)
and encourage
Students to draw
their own pictures
of the scenario, with
the option to use
number lines and
counters as
supports; students
would compare and
contrast their
solution
approaches.

NP: In a 1% grade
lesson on solving
for missing addends
using pictures, PST
plans to have
students complete a
worksheet with
images of a certain
number of bugs to
the left of the plus
sign, a blank box to
the right, and
another image of a
larger number of
bugs to the right of
the equal sign; pairs
of students are left
to their own devices
to figure out how to
solve for the
missing addends
and are allowed the
option of using
manipulatives to
help them, but the
worksheet confines
them to a particular
format as opposed
to leaving open the
option of, for
example, drawing 6

encouraging them to
come to their own
conclusions about
what happens when
the number of red
and black chips is
the same and
different,
encouraging them to
notice, for example,
that when a negative
value is added to a
positive value, the
balance moves
closer to zero.

NP: PST would
initiate the lesson
with a
demonstration of 5
negative chips and 5
positive chips
balancing each
other on a scale to
provide a
conceptual
underpinning for
using red chips to
“cancel” black
chips and vice-versa
but the remainder of
the lesson would
proceed as
described below.
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nonroutine ladybugs and
thinking. recognizing that 2
more ladybugs need
to be added to the
drawing to show a
total of 8 ladybugs.
B: In a 6™ grade
B: PST would plan | lesson on adding
B: Tasks feature to have students and subtracting
student complete the integers, PST plans
engagement but worksheet by to have students use
the level of providing them with | red and black chips
cognitive demand | explicit instructions | to solve problems
is low, to cross out the based on rules such
emphasizing number of lady bugs | as “canceling out”
prescribed that is the same in and “adding the
routines or both groups and opposite” without
procedures then draw the any mention of the
without remaining number | underlying
meaningful of lady bugs that is | conceptual
connections to not crossed out into | foundation for the
concepts. the empty box in the | rules.
middle, with no
discussion as to why
this method
identifies the
missing addend and
with no opportunity | U: Teacher would
U: Tasks are for other methods. solve integer
entirely teacher addition and
led with no U: PST would walk | subtraction
opportunity for through the problems by
active student worksheet on the displaying the red
engagement, overhead projector, | and black chips on
and/or tasks filling in all the the projector and
emphasize missing addends expecting students to
memorization and expecting take notes on the
only. students to watch process.
and listen.
Code: Instructional Strategies/Nature of Prompts
AMTE C.2.2 Course P: Prompts are P: In a 3" grade P: PST would
Plan purposeful | textbook designed to elicit | lesson on skip- prompt students to
and meaningful | (Mathematical | information about | counting as a consider why there
questions to Mindsets) conceptual and strategy for solving | appear to be two

probe student
thinking, make

procedural
understanding and

problems involving
equal groups, PST

addition and two
subtraction
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the mathematics
visible for
discussion, and
encourage
reflection and
justification.

AMTE C.2.3
Engage students
in whole-class
discussions to
share, compare,
and analyze
strategies and
solutions;
position
students as
authors of ideas.

Danielson 3b
Pose high-
quality
questions that
promote
thinking by
students,
encourage them
to make
connections
among
previously
believed,
unrelated
concepts or
events and to
arrive at new
understanding
of complex
material.

Excerpts from
Making Sense:
Teaching and
Learning
Mathematics
with
Understanding

Teaching
Channel &
Inside
Mathematics
videos

Supplemental
reading on
effective
questioning for
inquiry-based
lessons

Instructor
modeling

Instructor
exemplars

to encourage
reflection,
Justification, and
connections.

NP: Prompts are
designed to elicit

information about

conceptual and
procedural

understanding but

do not encourage
reflection,
Jjustification,
and/or
connections, or
prompts
incorporate the
features of
proficiency but

more such prompts
are needed for the

lesson to be fully
effective.

plans to prompt
students with
question such as the
following: “How is
skip counting
related to arrays?”
and “How is skip
counting easier than
counting out every
counter or tick
mark?” and
“Besides ranching,
are there examples
in your life when
you would use skip
counting?” PST also
plans to have
students explain
whether they think
drawing a picture,
using
manipulatives, or
using skip counting
is more effective for
solving problems
involving equal
groups.

NP: PST would ask
students questions
such as, “Can you
tell me how you
used skip counting
to solve that
problem?” and
“Why can we use
skip counting to
solve problems
involving equal
groups?” but would
not prompt students
to consider
instances when skip
counting could be
used in real life or
how it might be
linked to some of
the other strategies

equations in every
fact family. Why is
this the case? Will
there always be just
two addition and
two subtraction
equations? Why or
why not?

NP: In a 1* grade
lesson introducing
fact families, PST
plans to ask students
what they notice and
wonder about a fact
family written on
the board and then
to ask them what
they notice when
comparing two
different fact
families after
determining the two
missing number
sentences in the
second fact family;
although PST sets
students up to
discover that there
are two addition and
two subtraction
sentences in each
fact family, she
never prompts them
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B: Prompts
emphasize
answers and
procedures only.

U: Prompts are
inappropriate or
absent.

students have been
studying such as
arrays.

B: PST would only
ask questions such
as, “What answer
did you get when
you used skip
counting?” and,
“Can you skip count
those numbers for
me?”

U: PST would not
include any prompts
in the lesson, or
PST would include
inappropriate
prompts such as,
“Solve 13 + 13 +
13 using skip
counting.”

to consider why this
is the case.

B: PST would only
ask questions such
as, “What is the
missing number
sentence in this fact
Sfamily?” and, “How
many addition and
subtraction
sentences are in

every fact family?”

U: PST would not
include any prompts
in the lesson, or PST
would include
inappropriate
prompts for the age
group such as,
“What if we used
negative numbers?”

Code: Advocacy and Equity/Differentiation

AMTE C.2.1 Prior P: Lessons and P: PST would P: PST would
Consider coursework units feature incorporate more include specific
students’ (Introduction to | multiple entry specific supports for | guiding questions
individual Teaching points and specific | students who may that could support
needs, cultural Exceptional supports for struggle, such as struggling students,
experiences, and | Learners) struggling students | providing a such as, “How many
interests as well as well as hundreds chart of the unit cubes do
as prior Course appropriate and/or including you count inside the
mathematical textbook extensions for guiding questions stick? How do you
knowledge (Mathematical | students ready for | such as, “What if think this can help
when selecting | Mindsets) a challenge. you tried to use us decide which
tasks and nickels or pennies place value the stick
planning for Supplemental instead of dimes?” | can be used for?
mathematics resources on How many of the
instruction. strategies to NP: Lessons and | NP: In a 2™ grade unit cubes do you
promote critical | units feature either | lesson on showing count inside the flat
AMTE C4.1 thinking such as | multiple entry two different ways | square?”
Realize that Notice & points and specific | to find the same
access is Wonder, Which | supports for total, PST plans to NP: PST would plan
increased when | One Doesn’t struggling students | challenge exceling | to have advanced
students can Belong, or appropriate students to create Students work on
approach a extensions for each specified four-digit numbers




217

problem from Same/Different, | students ready for | amount with the and would support
multiple routes | etc. a challenge but least amount of struggling students
and when they not both, or coins and the most | with guiding
use curriculum | Instructor lessons and units amount of coins; questions, but no
materials that modeling incorporate the however, for specific questions
include high- features of struggling students, | would be suggested.
quality, Instructor proficiency but PST only suggests
meaningful exemplars these require pairing them with
tasks that go further more advanced
beyond basic development to be | students, with no
skills; realize fully effective. other specific
that supports planned in
advancement is advance.
possible when B: PST would have
opportunities B: Lessons and B: PST would state | students who finish
are provided to units suggest plans | that they would quickly play a math
go beyond for differentiation, | provide more game on the
grade-level but plans are challenging totals to | computer.
expectations. vague or not advanced students
linked to the and easier totals to
Danielson le concept under students who
Prepares study. struggle without
learning specifying the
activities that parameters that
are would make
differentiated, U: Lessons and numbers easier or U: In a 2" grade
as appropriate, units do not more challenging. lesson on three-digit
for individual incorporate plans numbers, PST plans
learners. for differentiation, | U: PST would not to have struggling
or plans for include plans for students work on
differentiation are | differentiation, or two-digit numbers
inappropriate or would plan to have | instead, which
alter the level of struggling students | changes the
cognitive demand | work on subtraction | objective for these
for different problems from last | students.
learners. week.
Code: Advocacy and Equity/Perspectives
AMTE C.2.1 Course P: Incorporates P: PST would P: PST would
Attend to textbook multiple incorporate identify each tribe
developing (Mathematical | perspectives and information about by name and include
students’ Mindsets) contexts into the distinguishing information about
identities and lesson and unit features of each the original lands
agency so that Essential plans, including tribes’ regalia to occupied by tribes to
students can see | Understandings | those of non- better support the compare and
mathematics as | Regarding dominant and Indian Education contrast against
components of | Montana historically for All learning current reservation
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their cultures
and see
themselves in
the
mathematics.

AMTE C.4.2
Analyze task
selections and
reflect on ways
in which they
may shape
students’
mathematical
identities,
attending to
issues of context
that may
privilege or
exclude
particular
groups of
students.

AMTE C.4.3
Value and draw
upon students’
funds of
knowledge to
build upon the
cultural,
linguistic, and
unique ways of
knowing of their
students.

AMTE C.4.4
Understand
roles of power,
privilege, and
oppression in
the history of
mathematics
education and
implement
practices to
empower each

Indians
(Montana
Office of Public
Instruction
document)

Selected videos
on topics
related to
equity, bias,
and Indian
Education for
All

Instructor
modeling

Instructor
exemplars

marginalized
groups, in a way
that challenges
stereotypes and
predominant
paradigms.

NP: Incorporates
multiple
perspectives and
contexts into
lesson and unit
plans, including
those of non-
dominant and
historically
marginalized
groups, but these
require further
development to
effectively
challenge
stereotypes and
predominant
paradigms.

B: Lesson appears
to be framed from

standard specifying
that “each tribe has
a distinct and
unique cultural
heritage,” which
counters popular
assumptions that
most native people
are very much alike.

NP: In a 1% grade
lesson on addition
and subtraction with
beads, PST plans to
have students watch
avideo of a
powwow on the
Northern Cheyenne
Reservation and to
share the Northern
Cheyenne words for
the various colors
featured in
Cheyenne beadwork
along with other
tribe-specific
information; PST
accurately indicates
that various tribes
are present at the
powwow and that
there are observable
differences in their
regalia but does not
do the necessary
research to be able
to point out
distinguishing
features among the
various tribes’
regalia.

B: PST would show
a video of a “Native
American”
powwow, without
identifying any of
the specific tribal

boundaries and
would encourage
students to debate
the fairness of the
treaties; or, PST
might focus on
contemporary
information about
tribal members
living on and off
reservations (for
example, showing
clips of urban
powwows and drum
groups) to counter
the dominant
perspective that
Native Americans
are historical
figures without
relevance in their
contemporary
communities.

NP: PST would
identify each tribe
by name rather than
referring to the
tribes collectively as
“Native Americans”
and would include
some basic
information about
the formation of the
reservations, such
as describing some
of the historical
treaties that were
signed by the tribes.

B: In a 7" grade
lesson on percent,
PST plans to have
students calculate
the percent of
Native Americans
living on and off
various reservations
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and every
student.

Danielson 1f
Makes a
concerted effort
to challenge
negative
attitudes or
practices to
ensure that all
students,
particularly
those
traditionally
underserved, are
honored in the
school.

the perspective of
the dominant
group without due
diligence to verify
whether commonly
held assumptions
are shared by
other groups.

U: Incorporates
inaccurate,
offensive, or
disrespectful
information into
lessons and unit
plans such that
negative
Stereotypes are
reinforced.

groups whose
regalia is
observable in the
video, and would
proceed to have
students solve
problems involving
“Native American”
beadwork.

U: PST would show
a video of an
“Indian”” powwow
and describe it
using offensive
language such as
“pagan” or
“demonic.”

and to have students
“realize that Native
Americans are just
like them” because
they, too, move
from place to place;
the only tribe-
specific information
in the lesson is the
population data,
with no information
about the various
tribes or how the
formation of their
reservations differed
due to different
historical contexts
and relationships
with the federal
government; PST
utilizes the generic
term “Native
Americans”
throughout the
lesson, never
referring to any of
the Montana tribes
by name.

U: PST would state
that the federal
government gave
free land to the
tribes, which is an
inaccurate depiction
of the treaty process
and perpetuates the
stereotype that
Native Americans
are lazy because
they receive free
benefits from the
government.
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APPENDIX C

UNIT PLAN ASSIGNMENT INSTRUCTIONS AND LESSON PLAN TEMPLATE
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For your mini unit plan, you will create a cohesive sequence of three lessons designed to introduce a new
topic to your students. The mini unit should introduce one of the content standards in the Montana
Common Core Standards for Mathematical Practice and Content in a way that draws on students’ prior
knowledge and enables them to use that prior knowledge to begin building new understandings. [Notice
that I used the word begin to build new understandings: the mini unit should introduce a topic but not
attempt to teach every aspect of the standard at once.]

The contents of your plan should include the following:

1.
2.

A cover page with the unit title, unit standard(s), unit goal, and your name;
An assessment rubric designed to capture advanced proficient, proficient, near proficient, and
emergent understandings;
Three lesson plans completed using the lesson plan template (see below);
A written narrative addressing the following components of your plan:
a. Unit Goal
i. Explain the overall goal of your introductory unit. What do you hope your
students will accomplish by the time you’ve spent three lessons introducing the
topic you’ve chosen? What essential questions will get students started down the
path of engaging with the content standard you have selected?
b. Unit Sequence
i. Explain the rationale behind your sequencing of the lessons. Why did you choose
this particular order? How do the lessons build upon one another? What aspects
of your standard have you chosen to focus on and why? What aspects are you
leaving for later and why? How does your introductory unit gradually build
students’ conceptual and/or procedural understanding of the topic under study
and hook them for continued learning?
c. Assessment Rubric
i. Describe the evidence of learning that you will be looking for and listening for
during these three lessons. What, specifically, will you be looking for students to
be able to do and say each day to demonstrate progress towards the unit goal?
How will you distinguish between students who are comprehending the concept
and those who are not?
d. Mathematical Practice Standards
i. How does the unit plan support at least TWO of the mathematical practice
standards identified in the Montana Common Core Standards for Math?
e. References
i. What resources did you consult in forming your unit plan? Please include links
and full citations for any electronic and/or print resources you utilized.
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FAQ

How should I title my unit plan?
The unit title should be straightforward and reflect the fact that the unit is an introduction to the content
standard under study.

How is the unit goal different from the lesson plan objectives?

The unit goal should be a statement reflecting the overarching aim of the introductory unit. Each of the
objectives within your individual lesson plans form part of the progression towards achieving this
ultimate goal.

Can I include an activity or project that will take more than one math period?

Individual lesson plans may span more than one day as necessary to accommodate projects or extended
tasks. If you anticipate a lesson spanning two or three days, make sure to indicate this in your plan and to
clearly describe the portions of the lesson that should be completed on each day. Incorporating multi-day
lessons does not excuse you from the requirement to include three lesson plans in your unit.

What if I can’t fit everything into three days?

You will not be able to cover everything you need to cover to fully address a standard within three days.
Instead, you are introducing students to the standard and priming them for continued learning. For
example, you will not be able to teach students how to divide fractions in just three days because dividing
fractions involves dividing fractions by whole numbers, dividing whole numbers by fractions, and
dividing fractions by fractions. You CAN, however, introduce students to one of these types of fraction
division and lay the groundwork for conceptual understanding and continued learning, as described in my
sample assessment rubric. Even then, the topic will likely need to be addressed again in the future to
account for the variety of real-world and mathematical scenarios that involve dividing whole numbers by
fractions. Your goal should be to give students a solid foundation in a small portion of the standard
you’ve chosen and not to cover every single possible problem type associated with the standard.

How should I organize my unit plan for submission?

Please organize your unit plan materials in the order in which they are outlined on the previous page.
Separate each of your lessons using tabs and label each tab according to its sequence in the unit (R for
rubric, LP1 for lesson plan 1, LP2, LP3, N for narrative). You may use actual tab dividers or affix mini
Post-It notes to the first page of each portion of the unit. Make sure to include any handouts, worksheets,
visual aids, etc., that you plan to use in your lessons and include them within the tab of the lesson plan
they accompany. Please do not place your unit plan in a binder. Simply use a binder clip to hold your
materials together.
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COE Lessan Plan

Lesson Teacher: Your name Date: Month/t/2016
Lesson Grade Level: Timeframe: -0:Length of lesson to --
Content Area: Math Grouping Strategy: Select One

Preparing for Lesson Development

1. What does your pre-assessment observation indicate about your student’s needs and current
performance and educational needs? Your response to this question should indicate that
you've examined the content standards for the grade level being taught as well as previous
grade levels to gain a sense of students’ prior knowledge and current capabilities with respect to
this lesson. Cite relevant Common Core standards in your response. Also briefly describe the
solution methods you anticipate students using during the lesson and any potential
misconceptions or mistakes they may make.

2. How will you design the lesson to meet the needs of all learners in your classroom? How will
you ensure that learners of various skill levels and capabilities can engage constructively with
the lesson? What assistance will you give or what questions will you ask students who become
frustrated and request guidance in solving the task? (Keep in mind that you don't want to
reduce the level of cognitive demand by giving away answers.) What will you do if students
finish the task early? How will you extend the task so as to provide additional challenge?

Lesson Plan Development

Lesson Title: Should be concise and to the point.

Common Core and/or State Standard: Include the domain number and description along with the wording
of the specific CONTENT standard within the chosen domain duster. Alse list one or more of the mathematical
PRACTICE standards listed at the beginning of the Common Core document.

Assessment of Learning: Explain your method(s) for
assessing whether students achieve the lesson objective

Lesson Objective: & concise statement that
explains what students will be able to do upon
successful completion of the lesson. Should be
SPECIFIC and MEASURABLEobservable.

to the left. What specific formative assessment
strategies will you use? What responses will
demonstrate evidence of understanding?

Lesson Objective: One lesson objective might Assessment of Learning: Explain your method|s) for
focus on skills students will be able to assessing whether students achieve the lesson objective
DEMONSTRATE from the lesson while the to the left. What specific formative assessment

second lesson abjective might emphasize strategies will you use? What responses will

concepts they should be able to EXPLAIN/justify. | demonstrate evidence of understanding?

Based on the lesson objectives, select an appropriate teaching model other, please describe 5Es

Indian Education For All (IEFA} [_] Mo [_] Yes. If yes, please describe For the IEFA lesson, describe
how the lesson addresses one or more of the Essential Understandings.
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ENGAGE: How will you initiate the lesson? How will you focus
students’ attention? How you will set up today's task such
that its importance and relevance is apparent to students?

List all materials you
will need to hawve
ready to implement
this lesson.

Describe classroom
management issues
that may arise and
how you will handle
them as well as any
preparations you will
need to make in
advance.

EXPLORE: How will students begin to explore the main
question or probiem ? What questions might you ask to
prompt students if they hesitote or struggle to get started?
What guestions might you ask to monitor students” thinking
as they work?

EXPLAIN: How will students be expected to share and discuss
their discoveries as they explore? What questions will you ask
to prompt meaningful explanations of student thinking ?

ELABORATE: How will students dig deeper into today's
question, problem, or topic? How will they moke connections
between today's task and important mathematical concepts
andfor other related subjects ? What questions or prompts will
set them off to make these connections?

EVALUATE: How will students assess the discoveries they
made or the skills they developed during this lesson? What
questions can you ask to encourage student self-reflection
with respect to the learning outcomes ? What guestions can
you ask to guide students towards an understanding of the
value of what they learned?

Naote that all of the 5Es are often embedded in a single, well-
designed task—they do not have to be separate, distinct

activities. However, it is important to describe how each of
these components will be oddressed within the task.

If you plan to utilize any worksheets or templates during the
lesson, please INCLUDE copies with your lesson plan. Also
please INCLUDE copies of any figures or images you plan to
sketch or display during the lesson. Prepare this lesson as if
you were going to be handing it to a substitute teacher who
needs to be able to envision exactly how the lesson showid

play out.

Evidence of Lesson Effectiveness/Student Learning: You do not need to complete this portion.

Reflection and Recommendations for Mext Time: You do not nesd to complete this portion.

Attachments, if required.
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APPENDIX D

LESSON PLAN DRAFTS REFERENCED IN TABLE 7
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IEFA Lesson (4th)
First Draft
COE Lgssan Plan Template
Teacher: Student 12 Lesson Date: Movember 14, 2019
Grade Level: 4 Timeframe: 9:00 to 9:50
Content Area: Mathematics Grouping Strategy: Small Group, Large Group

Preparing for Lesson Development
What do you know about your students’ current performance and educational needs?

Students have prior knowledge on how to multiply with a whole number. Students have begun
to learn about multiplying whole numbers with fractions. In previous lessons, students have
been using guisenaire rods to help find solutions to written problems. This lesson will focus on
the students previous understanding to solve a real-world problem.

How will you differentiate the lesson to meet the needs of all learners in your classroom?

Students will be provided with guisenaire rods to help solve their fraction problems if they are
having difficulty visualizing the problem. Students will also be encouraged to discuss in their
small groups to come up with an answer. They will be encouraged to share strategies with
each other. If groups are moving through the problems quickly, 1 'will provide more difficult
fractions. If groups or the class moves through the lesson quickly, they will be provided an
extension worksheet with the ingredient prices.

I esson Plan Development

Lesson Title: Crow Fair Exploration

Common Core and/or State Standard(s):

(4.NF.4) Solve word problems within culwral contexts, inciding those of Montana American
Indians, involving multiplication of a fraction by a whole number, e.2., by using visual fraction
models and equations to represent the problem. For example, if each person at a party will eat
3/8 of a pound of roast beef and there will be five people at the party, how many pounds of
roast beef will be needed? Between what two whole numbers does your answer lie? As a
contemporary American Indian example, for family/cultural gatherings, the Canadian and
MMontana Cree bake bannock made from flour, salt, grease, and baking soda, in addition to 3/4
cup water per pan. When making four pans, how much water will be needed?

4.MP.3. Construct viable arguments and critique the reasoning of others.
4.MP.4. Model with mathematics.
4.MP.6. Attend to precision.
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Lesson Objective: Students will be able to Assessment of Leaming: Students will be
accurately estimate the amount of 8 ingredients | assessed on theirworksheets thatwill display
found in one Indian Taco and the amount of & their estimations. Students will receivea “-"
ingredients needed for the Crow Fair. (working toward) if they accurately estimate <&

ingredients in both categories, “v™* (met) if the
accurately estimate B ingredients in both
categories, and a “+" (exceeds) if they accurately
estimate »& ingredients in both categories.

Lesson Objective: Students will be able to explain | Assessment of Learning: Students will be

how they got their estimations through assessed through teacher observation during the
multiplication of whaole numbers and fractions. whaole group discussions.
Relevant Vocabulary:

Crow Fair- Anannual event that takes place during the third week of August on the Crow Reservation
in Montana. It involves the celebration of Crow culture, reunion of family groups, powwow, rodeo,
horse racing, and commercial vendors.

Crow Pow Wow- A Crow dance celebration that is js the most fundamental form of celebration.
Indian Taco- Fry bread topped with various items that are commaonly found in tacos.

Teaching Model: 5E's

Indian Education for All (IEFA) __ Mo _x_ Yes. If yes, describe how the lesson addresses one or more
of the Essential Understandings Regarding Montana Indians:

Essential Understanding 3: The ideologies of Native traditional beliefs and spirituality persist into
madern day life as tribal cultures, traditions, and languages are still practiced by many American
Indian people and are incorporated into how tribes govern and manage their affairs. Additionally,
each tribe has its own oral histories, which are as valid as written histories. These histories predate the
“discovery” of North America.
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Lesson Procedures/Activities:

EMGAGE: To open the lesson, | will start by showing the students the following video:

htt ps:/fwww youtube. comwatch Pv=gukQD7 03p54. This video shows a portion of a pow-wow at the
Crow Fair in 2012. | will then ask the students what they witneszsed in the video. Examples of questions
| 'will ask will include: What did you see? What did you hear? If you were there, what would you
touch? Smell? or taste? After we have discussed our senses, | will ask if any students have been to the
Crow fair, and if so to please share. | also ask the students if any of them belong in the Crow tribe ar
hawve family members in the Crow tribe. We will then start to discuss the history of the Crow Fair
(http:/fplainshumanities.unl.edufencyclopedia/doc/esp. sr.012) | will then inform the students that
the Crow Fair can attract more then 50,000 spectators each year.

EXPLORE :After discussing the history of the Crow Fair, we will then dive into exploration withthe
students. | will inform the students that a common food that can be found at the Crow Fair would be
an Indian Taco. | will ask the students if anybody has ever had an Indian Taco, and if so, if they liked it.
| will again inform the students, again, that the Crow Fair can attract more than 50,000 spectators. In
their groups, | want them to discuss how many people they believe will have an Indian Taco(s). After a
group has a guess on how many Indian Tacos they believe will be sold, | will pass the group a list of
ingredients that are found in an Indian Taco. Onthe ingredient list will be a fractionamount of the
ingredient found in 2 Indian Tacos. The students will be asked to work on the first ingredient of the list
in theirsmall groups.

EXPLAIMN: After each group has had the opportunity to finish or attempt to finish the first ingredient
calculation | will move the groups into discussion. | will have each groups speaker explain their
estimations to the class. They will also explain the amount of ingredient they will need. Students will
be encouraged to explain how they got their answers through their mathematical thinking.

ELABORATE: After the large group discussions, | will move the students back to small group
discussions. Each small group will then begin warking on the rest of the ingredients. The groups must
then calculate the total amount of all the ingredients the Crow Fair will need. | will ask questions
throughout their mathematical thinking such as, “Do you notice anything interesting about the
amounts® ar “Are the amounts surprising you?#”"

EVALUATE: After students have finished their calculations, or have come close to finishing, [will pull
the group together againfor a large group discussion. | will ask them to share their total ingredient
estimations with the class. Are there large differences between the amount of ingredients? Small
each other? To gauge what individual students learned during the lesson, | will provide each with an
exit ticket. On the exit ticket, it will ask the students 3 things they learmed today, 2 things they found
interesting, and 1 guestion they have.

Lesson Materials:

* Manipulatives

* Indian Taco Ingredients Worksheets

* Exit Ticket

* (Extension) Indian Taco Prices Worksheets
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Classroom Management Needs: The students will be working in small groups and discussingin a large
groups. For each small group there will be a speaker, note taker, time manager, and devils-advocate.
When students are working in small groups, | will need to circulate around the room to make sure
each group is on topic. | will also circulate to help with any confusion.

Extension: Make this a fwo day lesson by introducing the prices of the ingredients to the
students. An example of the extension worksheet is attached to the lesson.

Sources:

Billings Gazette. (2012, August 23). Crow Fair Powwow 2012. Retrieved November 13, 2019,
from https://www.youtube .com/watch?v=oukQD703p5A.

Boaler, J. (2016). Mathematical mindsets: unleashing students potential through creative
math, inspiring messages, and innovative teaching. San Francisco, CA: Jossey-Bass & Pfeiffer
Imprints.

Heidenreich, C. A. (n.d.). Crow Fair. Retrieved from
http: / /plainshumanities.unlLedu/encyclopedia/doc /esp.sr.012.

Reed, L. D. {2015, January 1). Indian Fry Bread Tacos. Retrieved Movember 13, 2019, from
https:/ /fwww.tasteofhome.com/ recipes /findian-fry-bread-tacos/.
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Name:

Indian Taco Ingredients
Estimated amount of Indian Taces needed for the Crow Fair:

Indian Taco Indian Taco Indian Taco
Ingredients per Ingredients per Ingredients per

2 Indian Tacos: 1 taco: the whole Crow
- Fair:
3/4 cup all-purpose

flour

1/2 teaspoon baking
powder

1/4 teaspoon salt

2/3 cup water



231

1/2 pound lean ground

beef

2 tablespoons taco
seasoning

2 tablespoons
chopped lettuce

2 tablespoons
chopped tomato

2 tablespoons salsa

2 tablespoons sour

cream



Name:

3 things | learned
today...

232

Exit Ticket

2 things | found
interesting...

1 question | have...
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Name:

Indian Taco Ingredients Prices

Indian Taco Estimations of Estimations of

Ingredients per  the cost of the cost of
the Whole Crow  Ingredients Ingredients for
Fair the Crow Fair

All-Purpose Flour: 1 cup - $0.10

Baking Powder: 1 cup - $1.80

Salt: 1 1sp. - $0.004

Water: 1 cup - $0.50
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Lean Ground Beef: 1lb- $3.80

Taco Seasoning: 1 tbsp. - $0.90

Chopped Lettuce: 1 tbsp. - $0.10

Chopped Tomato: 1 tbsp. - $0.15

Salsa: 1 tbsp. - $0.25

Sour Cream: 1 tbsp. - $0.75
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IEFA Lesson (4™)
Final Draft
[FOE Lesson Plan Template
Teacher: Student 12 Lesson Date: November 14, 2019
Grade Level: 4 Timeframe: 9:00 to 9:50
Content Area: Mathematics Grouping Strategy: Small Group, Large Group

Preparing for Lesson Development
What do you know about your students’ current performance and educational needs?

In previous kessons, students have begun using madeling to solve division problems. They have
been using base 10 blocks and drawings to find their solutions. In the third grade, students
learmmed division within the number 100 (3.0A.7). This wil be the first planned lesson that
includes four-digit dividends with the students. | anticipate that students may struggle with the
four-digit dividends in the lesson's problems. | will need to monitor student conversations to
understand if they will need more modeling from me or a peer on dividing four-digit dividends.

How will you differentiate the lesson to meet the needs of all learners in your classroom?

Students will be provided with base 10 blocks to help solve their division problems if they are
having difficulty visualizing the problem. Students will also be encouraged to discuss with their
elbow partners to come up with an answer. They will be encouraged to share strategies with
each other. If a student or group of students solve the problems on the worksheet quickly, they
will be given a multi-step problem to work on. An example of a multi-step problem given to them
would be, “The Crow Fair attracts 50,000 spectators. if 41,600 spectators leave by the third day,
how many spectators will be left on the fourth day? With the remaining spectators, how marny
can equally fit in 8 booths?”

Lesson Plan Development

Lesson Title: Crow Fair Exploration

Common Core and/or State Standard(s):

(4.NBT.6) Find whole-number quotients and remainders with up to
four-digit dividends and one-digit divisors, using strategies based on
place value, the properiies of operations, and/or the relationship between
multiplication and division. llustrate and explain the calculation by using
equations, rectangular arrays, and/or area models.

4.MP.3. Construct viable arguments and criigue the reasoning of others,
4 MP.4. Mode!l with mathematics.
4.MP.6. Attend to precision.
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Lesson Objective: Students will
be able to model a division problem
through a dramng

Speed ey q,u:;%ﬁ

Assessment of Learning: Teacher
observation during siudent
explanation and elaboration,
Students should be partitioning the
dividends into equal groups for the
correct amount of divisors.

Lesson Objective: Students will
be able to justify their solutions by
fotaling up their groupings to equal
the dividend.

lfilv

Assessment of Learning: During
student explanation and
elaboration, | will look for students
to justify their solution by adding

| their groupings to equal the given
Pi'.ridand.

Ralevant ‘Jucahulary' fx
Crow Fair- An annual event t

ﬁig place during the third week of

August on the Crow Reservation in Montana. It involves the celebration of
Crow culture, the reunion of family groups, powwow, rodeo, horse racing,

and commercial vendors.

Crow Pow Wow- A Crow dance celebration that is is the most

fundamental form of celebration.

Indian Taco- Fry bread topped with various items that are commonly

found in tacos.

Teaching Model: 5 E's

Indian Education for All (IEFA) __No _x_ Yes. If yas, describe how
the lesson addresses one or more of the Essential Understandings

Regarding Montana Indians:

Essential Understanding 3: The ideologies of Native traditional beliefs
and spirituality persist into modern-day life as tribal cultures, traditions,
and languages are sftill practiced by many American Indian people and
are incorporated into how tribes govermn and manage their affairs.
Additionally, each tribe has its own oral histories, which are as valid as
written histories. These histories predate the “discovery” of North

America.
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Lesson Procedures/Activities:

EMGAGE: To open the lesson, | will start by showing the students the
following video: hitps:ifwww.vollube comfwateh Pv=gukQ DT 030 5A. This
video shows a portion of a pow-wow at the Crow Fair in 2012. | will then
ask the students what they witnessed in the video. Examples of questions
| will ask will include: What did you see? What did you hear? If you were
there, what would you touch? Smell? or taste? After we have discussed
our sensas, | will ask if any students have been to the Crow fair and if so
to please share. | also ask the students if any of thern belong in the Crow
tribe or have family members in the Crow tribe. We will then start to
discuss the history of the Crow Fair; “The Crow Fair started in 1904 as a
way to encourage and support Crow tribe farmers. It also provided the
opportunity for tribal members to showcase their culture. This includes
native foods, clothing, and handicrafts. Over the years, the Crow Fair has
turned into one of the largest Native American events in North America. It
can track more than 50,000 spectators each year. The Crow Fair lasts for
four days and consisls of the celebration of Crow culture, the reunion of
family groups, powwow, rodeo, horse racing, and commercial vendors™
(hitp:'plainshumanities unl.edu/encyclopedia/docfegp.sr.012). | will then
inform the students that we are geing to help plan for the Crow Fair using
our division strategy of modeling. To invoke prior knowledge of modeling,
| will have a student demonstrate the strategy with the problem 40 divided
by 4. (Example: thay could draw 4 circles and write 10 in each circle)

EXPLORE: Afer discussing the history of the Crow Fair and recapping
modeling, we will then dive into exploration. | will pass out a Crow Fair
Division worksheet to each student. With their eloow partner, they will
begin working on the first problem (On 2 Saturday, 96 fourth-grade
students will be attending the Crow Fair. There are only 4 buses o seal
all of the students. If sfudents are organized egually, how many students
will there be to each bus?). Base 10 blocks will be available for students
to use if they would like a physical manipulative. If students struggle to
get starled, | will break down the problem for them. For example, | will ask
them what thay know about the problem? What number is being broken
down? How many groups is the number being broken down to? How do
you know? How can you represent the groups?

EXPLAIN; After sach group has had the opportunity to finish or attempt to
finish the first problem, | will move the groups into a whole-class
discussion. The goal of the discussion is to have students come fo a
consensus on how to accurately reprasent the division problem using




238

maodeling. | will begin by asking one student to share how they used
modeling to solve their division problem. Whether they used a drawing or
base 10 blocks, | will then ask students to put their thumb on their chest
if their answer looks similar to the students. If not, to raise their hand.
Students who raise their hand will be asked to share their solutions,
Some differentiation | am expecting is students drawing buses that have
the numbaLiﬁanrﬁer'd 0r2,2,22,2,22222,2, aﬁ‘:rg.
Throughout the stidént's exptanations; Twil-beasking questions such as,
“Does each bus have the same amount?” and "Do the buses all togethar
equal 967"

ELABORATE: After the large group discussions, | will move the students
back to their worksheet. Each pair will then begin working on the rest of
their worksheets. As students proceed through the worksheet, | will ask
guestions along the way to guide their thinking. Questions will include,
*Do you notice anything about creating the models? Are you able lo start
your models with larger numbers? Why do you think that is the case?"

EVALUATE: After students have had time to work on their worksheets, |
will pull the students together again for another large group discussion. |
will agk them to share the observations they have made in their selutions.
Were there any problems that they found difficult to solve? Why do they
think they were difficult? Did they find any problems easy to solve? Why
do they believe they were easy to solve? To gauge what individual
students leamed during the lesson, | will provide each with a reflection
sheet. On the worksheet, they will be asked to reflect on the following
questions: “What was the big idea of the lesson?”, "What good ideas did
you have today?", "What questions do you have about today's wark?” and
“How is math helpful in real-world situations?”

Lesson Materials:

Base 10 blocks

Crow Fair Division Word Problems

Ewit Ticket

Writing utensils

Owverhead projector for students to show their solutions

s & & ¥ &

Classroom Management Needs:
Students will be working in small groups throughout the lesson. They will
also be working as a whole group for discussions. Because of this, [ will
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need to circulate around the classroom to ensure that groups are on task.
| will need to make sure they are not digressing in unrelated
conversations or using their tools inappropriataly.

Sources:

Billings Gazette, (2012, August 23). Crow Fair Powwow 2012, Retrieved November 13, 2019,
from hitps:fwww.youtube.com/watch?v=qukQD703p5A,

Boaler, .J. (2016). Mathematical mindsets: unleashing students potential through creative math,
inspiring messages, and innovative teaching. San Francisco, CA: Jossey-Bass & Pfeiffer
Imprints.

Heidenreich, C. A. (n.d.). Crow Fair. Retrieved from
bt fplainshumeanifiss, unl edi/epcyelopediaidocieqgp s 012,
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Name:

Crow Fair Division Word Problems

For the following problems, use modeling to find the solutions.
Draw pictures to display how you got your answer.

1. Ona Saturday, 96 fourth-grade students will be attending the Crow Fair.
There are only 4 buses to seat all of the students. If students are organized
equally, how many students will there be to each bus?

2. During the parade, the paraders will throw candy to the children. Suppose
there are 288 bags of candy and 9 paraders who will be throwing the candy.
How many bags of candy will each parader receive?
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3. At the Crow Fair, there can be about 1,000 tipis that families can stay in, If
the tipis are organized equally into 8 groups, how many tipis will be in each
group?

4, On the first day of the Crow Fair, 5,565 cars will be driving in. There will be
5 parking lots for the guests to park in. How many cars can fit into each
parking spot equally?
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Lesson Reflection

1. What was the big idea of the lesson?

2. What good ideas did you have today?

3. What questions do you have about today's work?

4, How is math helpful in real-world situations?
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IEFA Lesson (5™)

First Draft

COE Lesson Plan Template

Teacher: Student 5 Lesson Date: 1114719
Grade Level: 5 Timeframe: 60 mins
Content Area: Math Grouping Strategy: Whaole Group

Preparing for Lesson Dewvelopment
What do you know about your students’ current performance and educational needs?

The students are currently learning about the Plains Indians in social studies. The focus this wesk
revolved around the significance of bison to the Native Americans and how the Eurcpean settlers almost
killed bizon into extinction in the late 1800's. The students have slready been working on adding and
subtracting decimals and have been introduced to multiplying decimals. Most of the students are still
unfamiliar with multiplying decimals. About 30% of the students are nearing proficiency in adding and
subtracting decimals; but the class g3 A whale gould benefit from additional practice.

How will you differentiate the lesson to meet the needs of all learners in your classroom?

For struggling learmers | will have peers that are understanding the concept explain and demaonstrate
their thought process using the smart board to help others understand and give them other
perspectives, engage the students by having them talk through their own thought process if they are
struggling and guide them to correct errors as necessary, and pull small groups for further instruction
during independent waork time if they are struggling to complete tasks independently.

For adwanced learners, challenge the learner by having them discover if they are adding 3 of the same
number, they can multiply the number by 3 instead of adding it 3 times. | would do this by reviewing the
repeated addition and how it links to multiplication. | could ask the students “5a, your adding 3 bison
robes at 3.50 each {3.50+3.50+3 .50} what's another method we can use to solve this instead of
addition?” | would give them more challenging questions that required them to add and subtract larger
numbers and add and subtract 3-4 numbers at a time.

{_, Lesson Plan Development

Lesson Title: Bisom Values

Common Core and/or State Standard|s): Numbers and Operations in Base Ten (NBT) &dd, subtract,
multiply, and divide decimals to hundredths using concrete models or drawings within cultural
contexts, including those of Montana American Indians, and strategies based on place value,
properties of operations, and/or the relationship betwesn addition and subtraction; relats the
strategy to 3 written method and explain the reasoning used. (S.NET.7)

Practice: 5.MP.2 Reason abstractly and guantitatively: Fifth graders should recognize that 2 number
represents a specific quantity. They connect quantities to written symbols and create a logical
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representation of the problem at hand, considering both the appropriate units invelved and the
meaning of quantities. They extend this understanding from whole numbers to their waork with
fractions and decimals. Students write simple expressions that record calculations with numbers and
represent or round numbers using place value concepts.

Essential Understanding #3: The ideologies of Mative traditional beliefs and spirituality persist into
modern day life as tribal cultures, traditions, and languages are still practiced by many American
Indian people and are incorporated into how tribes govern and manage their affairs.

Essential Understanding #5: There were many federal policies put into place throughout American
history that have affected Indian people in the past and continue to shape who they are today. Many
of these policies conflicted with one another. Much of Indian history can be related through zeveral

major federal policy pericds:
Colonization/Colonial Period, 1492 - 1800s
Treaty-Making and Removal Period, 1778 — 1871

Reservation Period - Allotment and Assimilation, 1887 - 1934

Tribal Reorganization Period, 1934 - 1953
Termination and Relocation Period, 1553 - 1968
Self-Determination Period, 1375 - Pressnt

Lesson Objective: The students will gain further
understanding of the significance of the bison to
the Flains Indizn Tribes and how the slaughter of
the bizon by the European settlers affected the
tribes.

Students will be able to add and subtract decimal
amaunits represented by money value for various
parts of the bison.

Assessment of Learning:

The students will complete an exit journal at the
end of the lesson stating 3 ways the bison were
impaortant to the Mative American Plains Tribes
and 3 ways the slaughter of the bison affected
the tribes.

Lesson Objective:

By the end of the lesson students will be able to
add and subtract decimals independently with
B0% accuracy.

Assessment of Learning: The students will
complete an activity worksheet in which they
have to 2dd and subtract decimals. The teacher
will collect and grade the worksheet to
determine if the students met the 30% accuracy
gosl

Relevant Vocabulary:

Bison-humpbacked shaggy-haired wild ox native to North America and Europe
Decimals-a system of numbers and_arithmetic based on the number ten, tenth parts, and powers of

ten

Addition-the process or =kill of calculating the total of tow or more numbers or amounts
Subtraction-the process or skill of taking one number or amount away from another
Multiplication-the process of combining matrices, vectors, or other quantities under specific rules gt,

abtain their product

Teaching Maodel: Scaffold Instruction with the ‘| De’, "We Do’, You Do’ concept in which the teacher
will model how to perform the task, the teacher and students will do the task together, then the

students with do the task independently.

Indian Education for All {IEFA) __ Mo _X_ Yes. If yes, describe how the lesson addresses one or more
of the Essential Understandings Regarding Montana Indians:




245

I weould link thiz math lesson into a social studies unit on Plains Indizns and their way of life. | would
link this to Eszential Understandings 3 and 5 because in social studies they would be learning about
the significance of the bison to Native American people and will watch the Smithsonian documentary:
Native Americans 5aw Buffalo as More Than Just Food. | would review how the Native Americans
viewed bison as sacred crestures and how they used bison as their primary food source, clothing,
howsing, kedding and blanksts {robes), storage and water bags, tools, utensils, wespons, and in
ceremonial practices. | would lead a class discussion on how the European settlers nearly annihilated
the entire bison species from &0-70 million bison reaming the plains during the 1700's to the early
1300's to less tham a 1,000 bisomn left by 1889; and how European settlers killed bison as 2 tactic to
starve the Native Americans, destroy their way of life, and attempt to get rid of Native Americans
altogether; and how Europeans used bison make money by selling the robes, hide, meat, tongues,
harns, hooves, and bones. Next, | will introduce the bizon price guide that shows the value of bison
parts in the 1872 and the equivalent value in today’s standards and start the math activity.

Lesson Procedures/Activities:

EMGAGE: The teacher will handout the bison uses guide and lead the students in a discussion “For the
past couple weeks we have been lzarning about the Plains Indian Tribes in socal studies; and this
week we focused on the significance of the bison. What do you remember about the significance of
the bizon to Mative American culture? How did the various tribes view the bison? What did they use
the bizon for? Outside of their basic needs like housing, clothing, utensils, and tools, what else was
the bizon used for? How about ceremonies, were the bison used in their ceremonial practices, if so
how?" The teacher and the students would have a 5 min discussion to review key points learned
about the significance of the bison in Native American culture. Next, the teacher will lzad the
students in & discuzssion {10 mins-thiz information will be previously introduced in socizl studies as
well] about how the European settlers nearly exterminated zll the bison and how this affected the
Native American tribes: “Let's look at this timeling, in the 1700's and =arly 180{0°s there was an
estimated &0-70 million bison roaming the Great Plains, but how many were left by 18357" Why do
you think the Europeans settlers killed off so0 many bison? What do you think they did with the bizon
when they killed them? Do you think they made money off of the bizon?™ Once the students fometa
the concluzign (with guidance if needed) that the Europeans killed the bison to destroyed Mative
American life and to sell the bison parts the teacher will introduce the ‘Bison Value® sheet that lists
how much the bison parts sold for in the 1800°s and how much that would be in today's standards.

EXPLORE: The teacher will ask "How much do you think a bizon sold for in the 1800°s? What parts of
the bizon do you think European settlers sold? How much do you think they got for each part? The
teacher will record the student responszes on the board. Mext, the teacher will ask “"How much do you
think [name listed itemn that the students came up with from the first question) would sell for today?
Why do you think it would be_{more or less depending on what the students respond)? The teacher
will record the student=s’ responses again and compars them to the first st of responses. Then, the
teacher will pass out precut bison parts (hide, robe, tongues, horns, hoowves, bones, and meat,
multiple of each piece, all labeled with their value-1872 value on one side and 2019 equivalent value
on the ather side] and have the students look over the pieces and their values. The students will be
able to wse the cutouts for visual representation to help them solve the problems during guided
practice and independent practice. Mext, the teacher will ask the students “How much money do you
think the settlers receive for 3 whole bizon? How do you know?” Next, the teacher will handout the
activity worksheet and review the directions with the students.
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EXPLAIN: The teacher will read through the first guestion with the class and ask the students “How do
you think we calculate the value of 2 bison tongues in 18727 The teacher would call a student up to
wiork through the problem on the smart board. Once the student completes the problem the teacher
will tell the students to give 3 thumbs up if they agree, a thumbs down if they dissgree, or a sideways
thumb if they're not sure. The teacher will czall on students and have them explain why they agree or
disagree with the answer and have a couple students come to the board to show their reasoning. The
teacher will repeat this activity a few times over the course of 10 mins. The teacher will guide the
solving process without giving the direct solution if students are struggling to solve the problem. The
teacher may do this by asking leading questions, modeling an example, or showing how to line the
problem up to prepare to solve, and reminding students to double check their answers. After, guided
practice the teacher will have the students complete the remainder of the worksheet (last
questions) independently. The teacher will walk around the room and ask the student to explain their
reasoning on how they came up with the answer they came up with. The teacher will help guide a
student to recognize mistakes and make the necessary corrections by asking leading questions or say
things like “What if we line it up this way? Or what iz 5+5._okay now what do we do next?”

ELABORATE: Once the students have completed their worksheet the teacher will have a couple
challenge questions written on the board. “If the average bizon produced 200 Ibs. of meat how much
wiould the whole bison sell for?’, *If a settler sold 4 bison robes how much momey would he have in
today's standards? ‘How much money would you need to buy 2 bison tongues, 1 bison robe, 3 lb. of
meat, and 2 hides in 13727 How much money would you need today? 'If you had 30 |bs. of bison
meatin 1872 and you sold 20 Ibs. how much would the value of the remaining meat he? The students
wiould solve these questions at their own pace on blank paper and move on to the next question once
the completed the previous one. The teacher would walk around as before to ask students to explain
how they came up with their answers and help them work through any procedural errors without
giving the direct answer. If a student is getting through the gquestions quickly and accurately the
teacher will give additional challenge questicns to the student that invalves having to multiple. For
example, ‘Instead of adding, what ather method could you use to determine ‘How much money
wiould you need to buy 15 pounds of bison meat in 18727 The student should identify multiplication
and use multiplication to solve the problem.

EVALUATE: The teacher will collect the worksheets and the challenge papers. The teacher will call on
students to come up and show the class how they solved the challenge questions. The teacher will
once again have students give 3 thumbs up, thumbs down, or sideways thumb to show whether they
sgree, dissgree, or are not sure. The teacher will make notes as to which concepts the students are
understanding, and which concepts need further instruction and/or review. The teacher will also
review the warksheets to determine individual student progress and assess strengths and emerging
skills.

Lesson Materials:
Bison Uses Shest
Bisom Value Sheet
Bisom Parts Cutouts
Bisom Work Sheet
Smart Board
Pencils

Classroom Management Meeds:
The teacher will need to keep student engagement throughout the lesson by having hand-on and
student lead activities and participation. The teacher will need to assess student stremgths and

emerging skills and provide support as necessary by providing the student with the tools and skills
they need to be successful; thiz may vary from student to student. The teacher will walk around the
room during independent practice to continue to emgage students and assess their though process
and procedural knowledgs.
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IEFA Lesson (5™)

Final Draft

COE Lesson Plan Template

Teacher: Student 5 Lesson Date: 11/14/18

Grade Level: 5 Timeframe: 80 mins

Content Area: Math Grouping Strategy: Wheole Group
Preparing for Lesson Development

What do you know about your students’ current performance and educational needs?

The students are currently leaming about the Plains Indians in social studies. The focus this week
revohyed around the significance of bison to the Native Americans and how the Eurcpean settlers almost
killed bison into extinction in the late 1800's. The students have already been working on adding and
subtracting decimals and hawve been infroduced to multiplying decimals. Most of the students are still
unfamiliar with multiplying decimals. Abowt 30% of the students are nearing proficiency in adding and
subtracting decimals; but the class gs sowhnlecquld benefit from additional practice.

How will you differentiate the lesson to meet the needs of all learners in your classroom?

For struggling learmers | will have peers that are understanding the concept explain and demonstrate
their thought process using the smart board fo help others understand and give them other
perspeciives, engage the students by having them talk through their own thought process if they are
struggling and guide them fo correct errors as necessary, and pull small groups for furtherinstruction
during independent work time if they are struggling to complete tasks independently.

For advanced leamers, challenge the learner by having them discowver if they are adding 3 of the same
number, they can multiply the number by 3 instead of adding it 3 times. | would do this by reviewing the
repeated addition and how it links to multiplication. | could ask the students "So, your adding 3 bison
robes st 3.50 each (3.50+3.50+3.20) what's another method we can use to solve this instead of
addition?" | would give them more challenging questions that required them to add and subtract larger
numbers and add and subtract 3-4 numbers at afime.

Lesson Plan Development

Lesson Title: Bison Values

Common Core and/or 5tate Standard(s): Numbers and Operations in Base Ten (NBT) Add, subiract,
multiply, and divide decimals to hundredths using concrete models or drawings within cultural
contexts, including those of Montana American Indians, and strategies based on place value,
properties of operations. andfor the relationship between addition and subtraction; relate the
strategy to a written method and explain the reasoning used. (3.NBT.7)

Practice: 3.MP.2 Reason abstractly and quantitatively: Fifth graders should recognize that a number
represents a specific quantity. They connect guantiies to written symbols and create a logical
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representation of the problem at hand, considering both the sppropriate units inveolved and the
meaning of quantities. They extend this understanding from whole numbers to their work with
fractions and decimals. Students write simple expressions that record calculations with numbers and
represent or round numbers using place value concepts.

Essential Understanding #3: Theideclogies of Mative traditional beliefs and spirituality persistinto
modern day life as tribal cultures, traditions, and languages are still practiced by many American
Indian people and are incorporated into how fribes govern and manage their affairs.

Essential Understanding #5: There were many federal policies putinto place throughout American
history that have affected Indian people in the past and continue to shape who they are today. Many
ofthese policies conflicted with one another. Much of Indian history can be related through several

miajor federal policy periods:
Colonization/Colonial Period, 1482 - 1800s
Treaty-Making and Removal Period, 1778-18T1

Reservation Period - Allotment and Assimilation, 1387 - 1834

Tribal Reorganization Perod, 1834 - 1853

Termination and Relocation Period, 1853 - 1988
Self-Determination Period, 1875 - Present

Lesson Objective: The students will gain further
understanding of the significance of the bison to
the Plains Indian Tribes and how the slaughter of
the bison by the European settlers affected the
tribes.

Students will be able to add and subtract decimal
amounts represented by money value for varous
parts of the bison. Modification: Students will
also be able to justify their answers by explaining
how they came up with their answer and
explaining their thought processithe steps they
used to solve. Students will also explein the
important of lining up the decimals and the
importance of place value when adding and

subftracting decimals.
s ar (Il
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Assessment of Leaming:

The students will complete an exit journal at the
end ofthe lesson stating 3 ways the bison were
important to the Crow and Siouwx tribes and 3
ways the slaughter of the bison affected the
tribes.

Modification: The teacher will cheack in with
students while they are working and have them
verbally explain how they solved the problems
and talk through their thought procass. The
teacher will also have the students explain how
to line up addition andfor subtraction problems
and why it's important to line it up in that
rmanner. (The goal would be for students to make
the connection to place value and how not lining

up the glaceealyg correctly will lead to an
incormect answer. )

Lesson Objective:

By the end of the lesson students will be able to
add and subtract decimals independently with
B0 accuracy.

Assessment of Learning: The students will
complete an activity workshest in which they
have to add and subtract decimals. The teacher
will collect and grade the worksheet o
determine if the students met the 30% accuracy
goal.

Relevant Vocabulary:

Bison-humpbacked shaggy-haired wild ox native to Morth America and Europe
Drecimals-a system of numbers and arithmetic based on the number ten, tenth parts, and powers of

ten

Addition-the process or skill of calculating the total of tew or more numbers or amounts
Subtraction-the process or skill of taking one number or amount away from another
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Multiplication-the process of combining matrices, vectors, or other guantities under specific rules to
obtain their product

Teaching Model: Scaffold Instruction with the 'l Do, "We D', ou Do’ concept in which the teacher
will model how to perform the task, the teacher and students will do the task together, then the
students with do the task independently.

Indian Education for All IEFA) _HMo _X_ Yes. If yes, describe how the lesson addresses one or more
of the Essential Understandings Regarding Montana Indians:

| weould link this math lesson into a social studies unit on Plains Indians and their way of life. | would
link this to Essential Understandings 3 and 5 because in social studies they would be leaming about
the significance of the bison to Mative American people and will watch the Smithsonian documentarny:
Mative Americans Saw Buffalo as Maore Than Just Food. | would review how the Mative Americans
viewed bison as sacred creatures and how they used bison as their primary food source, clothing,
housing, hedding and blankets {robes), storage and water bags. tools, utensils, weapons, and in
ceremaonial practices. | would lead a class discussion on how the European seftlers nearly annihilated
the entire bison species from 80-70 million bison roaming the plains during the 1700's to the early
1800's to less than a 1,000 bison left by 1889; and how European setflers killed bison as a tactic to
starve the Mative Americans, destroy their way of ife, and atternpt to get rid of Mative Americans
altogether; and how Europeans used bison make money by selling the robes, hide, meat, tongues,
homs, hooves, and bomes. Mext, | will introduce the bison price guide that shows the value of bison
parts in the 1872 and the equivalent value in today's standards and start the math activity.

Lesson Procedures/Activities:

EMGAGE: Modification: The teacher will handout the bison uses guide and lead the students in a
discussion "Forthe past couple weeks we have been learning about the Plains Indian Tribes primarily
the Sioux and Crow tribes, in social studies; and this week we focused on the significance ofthe bison.
What do you remember about the significance of the bison to Siows and Crow culture? How did thess
tribes view the bison? What did they use the bison for? Outside of their basic needs like housing
clothing, utensils, and tools, what else was the bison used for? How about ceremonies, were the
bizon used in their ceremonisl practices, if so how?" The teacher and the students would have a §
min discussion to review key points learmed about the significance of the bison in Sioux and Crow
culture. Mext, the teacher will lead the students in a discussion {10 mins-this information will be
previously introduced in social studies as well) about how the Europeaan settlers nearly exterminated
all the bison and how this affected the Mafive American tribes: "Let's look at this timeline, in the
1700's and early 1300's there was an estimated 80-70milion bison roaming the Great Plains, but how
many were left by 13887" Why do you think the Europeans settlers killed off so many bison? What do
you think they did with the bison when they killed them? Do you think they made money off the
bison?" Once the students copetothe conglusian (with guidance if needed) thatthe Europeans killed
the bison to destroyed Mative American life and to sell the bison parts the teacher will introduce the
'Bison Value' sheet that lists how much the bison parts sold for in the 1800's and how much that
wiould be in foday's standards.

EXPLORE: The teacher willask "How much do you think a bison sold forin the 12300's? What parts of
the bison do you think European settlers sold? How much do you think they got for each part? The
teacher will record the student responses on the board. Mext, the teacher will ask "How much do you
think (name listed itermn that the students came up with from the first question) would sell for today?
Why do you think it would be . (awe or less deneoding onwhatthe students respond)?*The teacher
will record the students' responses again and compare them to the first set of responses. Then, the
teacher will pass out precut bison parts (hide, robe, tongues, homs, hoowves, bones, and meat,
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multiple of each piece, alllabeled with their value-1872 value on one side and 2018 equivalent value
on the other side) and have the students look over the pieces and their values. The students will be
able to use the cutouts for visual representation to help them solve the problems during guided
practice and independent practice. Mext. the teacher will ask the students "How much money do you
think the settlers receive for a whole bison? How do you know?” Mext, the teacher will handout the
activity worksheet and review the directions with the students.

EXPLAIM: The teacher will read through the first guestion with the class and ask the students "How do
you think we calculate the value of 2 bison tongues in 18727" The teacher would call a student up to
work through the problem on the smart board. Modification: Once the student completes the
problem the teacher will give the students a couple mins to look over the problem and think things
over. Mext, the teacher will tell the students to give a thumbs up if they agree, a thumbs down if they
disagree, or a sideways thumb if they're not sure. The teacher will call on students and have them
explain why they agree or disagree with the answer and have a couple students come to the board to
show their reasoning expleining to the group how they came up with the answer. Modification: The
teacher will also ask, "Why did you line up the problem this way? Why is it important to line up the
decimals? If we don'tline up the decimals what do you think would happen? Would we get the same
answer?” The teacher will repeat this activity a fewtimes over the course of 10 mins. The teacher will
guide the solving process without giving the direct solution if students are struggling fo solve the
problem. The teacher may do this by asking |EEF|iI'Ig questions, modeling an example, or showing how
to line the problem up to prepare to solve, and cegpinding students to double check their answers.
After. guided practice the teacher will have the students complete the remainder of the worksheet
(last 5 questions) independently. The teacher will walk around the room and ask the student to
explain their reasoning on how they came up with the answer they came up with. The teacher will
help guide & student to recognize mistakes and make the necessary cormections by asking leading
questions or say things like "What if we line it up this way? Orwhat is 5+5.._okay now what do we do
next?"

ELABORATE: Once the students have completed their worksheet the teacher will have a couple
challenge questions written on the beard. 'If the average bison produced 200 |bs. of meat how much
would the whole bison sell for?, 'If a settler sold 4 bison robes how much meoney would he have in
today's standards?" 'How much money would you need to buy 2 bison tongues, 1 bisonrobe, 31b. of
meat, and 2 hides in 13727 How much money would you need today? 'If you had 30 lbs. of bison
meat in 1372 and you sold 20 1bs. how much would the value of the remaining meat be?" The teacher
would make sure the students are lining up the problems commectly. If they are not lining up the
decimals the teacher will say, "What do you remember about place value? How would you line up the
decimals?" The students would solve these questions at their own pace on blank paper and mowve on
to the next guestion once the completed the previous one. The teacher would walk around as before
to ask students fo explain how they came up with their answers and their thought process. The
teacher will help them wark through any procedural errors without giving the direct answer. Ifa
student is geiting throwgh the questions quickly and accurately the tescher will give additional
challenge guestions to the student that involves having to multiply. For example, "Instead of adding.
what other method could you use to determine 'How much money would you need to buy 15 pounds
of bison meat in 18727 The student should identify multiplication and use multiplication to solve the
problem.

EVALUATE: The teacher will collect the worksheets and the challenge papers. The teacher will call on
students to come up and show the class how they solved the challenge guestions. The teacher will
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once again have students give a thumbs up, thumbs down, or sideways thumb to show whether they
agree, disagree, or are not sure. The teacher willmake notes as to which concepts the students are
understanding, and which concepts need further instruction andior review. The teacher will also
review the worksheets to determine individual student progress and assess strengths and emerging
skills.

Lesson Materials:

Bison Uses Shest LM -
Bizon Value Sheet | g A Uﬁ
Bison Parts Cutouts

Bison Work Sheet

Smart Board

Fencils

Classroom Management Needs:

The teacher willneed to keep student engagement throughout the lesson by having hand-on and
student lead activities and participation. The teacher will need to assess student sirengths and
emerging skills and provide support as necessary by providing the student with the tools and skills
they need to be successful; this may vary from student to student. The teacher will walk around the
room during independent practice to continue to engage students and assess theirthough process
and procedural knowladge.

1872 Bison Parts Value 2019 Bison Parts Equivalent
Value
Robe-$3.50 Robe-573 83
Hide-§1.25 Hide-$26.37
Tongue-$2.50 Tongue-$52.73
Meat (per poynd)}$025 Meat (per poynd)}-535. 27
Bones-$2.00 Bones-342.19
Horns-$0.25 Horns-55.27
Hooves-$0.25 Hooves-5527
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IEFA Lesson (6™)

First Draft

ICOE Lesson Plan Template

Teacher: Student 9 Lesson Date:

Grade Level: 6% Timeframe: 1 hour
Content Area: MathematicsHealth/Social Studies

Grouping Strategy: Independent, whole group, and small group

Preparing for Lesson Development

What do you know about your students’ current performance and educational
needs?

This lesson will follow the previous day’s math lesson about rounding to the nearest
10% and 100% place. This lesson will build on the students rounding skills by requiring
them to round to the nearest 100%. They have mastered rounding_but need more
practice on differentiating between the 10% and 100 place. They have practiced
converting whole numbers in many conversion units bt have not practiced
converting decimal numbers and fractions of a whole. Their prior knowledge of ratios
and whole numbers will be applied to exploring the conversion of decimals and more
challenging measurements.

How will you differentiate the lesson to meet the needs of all learners in your
classroom?

This lesson starts out with the teacher reading and using guided practice to actively
read the article. Students practice active reading independently after. Then they work
in small groups to share ideas about the text. They get to work in the small groups to
explore converting measurements. [ will start asking them to convert 10 centimeters to
inches zo that they will master a less challenging conversion before moving on to the
larger conversions. I will retnind them of their knowledge about ratios as they explore
converting. Students who struggle will get to that extra support from their peers by
working in small groups. Students that find converting easy will get to explaimn it to
their peers which develops their understanding even more. The students will get to
work independently on the last conversion to make sure that they fully understand the
concept. I will walk around to check for understanding so that all learners are
successiil.
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Lesson Title: Converting Heights of Plains Indians

Common Core andfor State Standard(s):

Practice Standards:

&6_MP.2. Reaszon abstractly and quantitatively.
6.MF.4. Model with mathematics.
&_MP.6. Attend to precision.

Use ratio and rate reasoning to solve real-world and mathematical problems from a variety of
cultural contexts, including those of Montana American Indians, e_g., by reasoning about tables of
equivalent ratios, tape diagrams, double number line dizgrams, or eguations.

6_RP.3-Uze ratio reasoning to convert measurement units; manipulate and transform units

appropriately when multiplying or dividing quantities.

& MP.1. Make zense of problems and persevere in solving them.

& MP.3. Look for and express regularity in repeated reasoning.

Lesson Objective:

Students will be able to convert
measurements of centimeters to mmches and
inches to faet.

Assessment of Learning:

Students will create a conversion table that
shows the 4 heights in cenfimeters (2nd
column), in inchez (3rd column), and in fest
{4th column). Takle template 13 zttached.

Lesson Objective:

Students will explore the characteristics of a
healthy diet and how the healthy diet of the
Plains Indians contributed to their growth.

Assessment of Learning:

Students will identify availability of food
and healthy esting habits of the Plains
Indians by answering a question below the
comversion table they created. The question
1s:

In 2-3 sentences, provide evidence from
the reading and from the class discuszion
that suggests why the Plains Indians were
the tallest people in the world in the
1800°s,

Relevant Vocabulary:

Centimeters
Inches

Fest

Convert
Converzion table
Plains Indians
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Tribe

Teaching Model:

iEs

Indian Education for All (IEFA)  No x Yes. If ves, describe how the lesson
addresses one or more of the Ezsential Understandings Regarding Montana Indians:

1. There iz great diversity among the twelve sovereign tribes of Montana in their languages,
cultures, histories, and governments. Each tribe has a distinct and unique cultural heritage that
contributes to modern Montana

Lesson Procedures/Activities:
ENGAGE:

What iz meant by “Plams Indians™7 Native American tribes that lived on the flat plains.
Dwoes anyone know what tribes of Native Americans that live on the plains in Mentana?
Cheyenne, Sioux, Blackfeet, Crow Comanche

What kinds of foods do you think were availzble on the plains for plains Indian tribes in
MontanaT Buffalo, bugs, fish, bird, corn, ect.

When you think of a healthy meal, what kind of food comes to mind? What kinds of healthy
foods do you like to eat?

EXFLORE:

As a class, we will active read the first two paragraphs of “Plains Indians Were Tallest,
Heazlthiest People In Warld™.

Highlight together:

American Plains

Late 1200z

Tallest people in the world

Well-nourished

Sickly victims

European dizease

Students will independently read the rest of the article. I will encourage students to highlight,
underline, or note anything they find mteresting or important.

Students will be put into groups of 4-3. They will discuss the article and share amything they
found mteresting or important.

We will have a whele group discussion. I will ask each group to share something interesting
they read. Twill ask:

What does the article say about why they were the tallest people in the world?

Do you think how we eat today impacts our growth?

What year or years were they known to be the tallest people?
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If students note the heights listed in paragraph 5, [ will note the heights on the board as they
zay them. If they do not mention them, Iwill ask:

About how tall were the tallest Plainz Indians?

What other countrias are Imown at this time to have the tallest people in the world and how
tall were they?

EXFLAIN:

I'will provide the class with the conversion of inches to centimeters on the board: 1 inch =
2.54 centimeters. As a class, we will talk zbout rounding to the nearest 104 Twillcall on a
student to round 254 to the nearest 107" I will a=k if all students apree. Once all students
understand rounding (which they have been working on previcusly), I will remind them by
pointing to the board that 1 inch=12.5 centimeters.

In small groups, they will convert 10 centimeters to inches. T will walk around checking
understanding. I will remind students of their prior Inowledge zbout ratios to prompt
thinking. As a whole group, we will discuss their findings.

I'will hand out a conversion table that [ have created that only shows the measurement of the
Plams Indians in centimeters rounded to the nearest whole number (see attached). I will write
the converzion of centimeters to inches on the board: 1 inch = 2.5 centimeters.

In their groups they will think about how to convert the height of the Plains Indians (173
centimieters) to inches.

They will fill in the takle with the other heights provided in the article: Australian men 172
centimeters and European men 171 centimeters. I will

ELABORATE:

Once I notice groups are fimishing up the 3 comversions, I will ask them to convert the mnches
to feet and provide the conversion on the board: 1 foot= 12 inches.

When students hawve completed their table, we will have a whole group discussion about the
data.

Students will share the numbers they found with the class and T will ask stodents if they
agres or dizagree.

Twill ask:

Which one was easier to convert? Centimeters to inches or inches to feet?

EVALUATE:
Why is important to know how to convert measurements? One answer I hope they share:

Some measurements make more sense than others. It is easier for us to understand feet
rather than centimeters in this instance.
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I will write the height of the shortest man kmown to the world and they will write it in their
table: 35 centimeters. I will use the tape measurer to show them visually how tall this 1s and
we will discuss it.

In the remaining space on their conversion table, I will ask the students to independently
convert the height of the shortest person in the world from centimeters to inches, and to feet.
There 1% alzo a question thev will answer below the table on the sheet of paper. I will walk
around to check for understanding. They will tum the finished conversion chart m.

Lesson Materials:

Copies of the arficle “Plains Indians Were Tallest, Healthiest People In the Weorld™
Pencil

Highlighter

Paper

Copies of conversion chart

Classroom Management Needs:

Students will work in small groups to discuss how to convert measurements. They will
contribute ideas and build on thelr communication and collaboration slall:. Some students
need to read independenthy to understand a text, so thev will all active read the article
independently. They will also get the chance to convert the measurements of the shortest man
mdependently. I will walk around the room during work time to ask prompting questions and
check for understanding.

Answer Key:
Height in Centimeters Inches Feet
Plains Indian 173 om 63.11in 565 ft
Australian 172 om &7.72in 64 ft
European 171 om &7.32in LElft
Shortest man 55cm 21.65in 18t
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Table for students to fill out:

Height in Centimeters Inches Feet

Plains Indian 173 cm

Australian

European

Shortest man

In 21-3 sentences, provide evidence from the reading and from the class discossion that
suggests why the Plains Indians were the tallest people in the world in the 1800°s.
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IEFA Lesson (6™)

Final Draft

ICOE Lesson Plan Template

Teacher: Student @ Lesson Date:

Grade Level: 6 Timeframe: 1 hour
Content Area: Mathematics/Health/Social Studies

Grouping Strategy: Independent, whole group, and small group

Preparing for Lesson Development

What do you know about your students’ current performance and educational
needs?

This lesson will follow the previous day’s math lesson about rounding to the nearest
10% and 100% place. This lesson will build on the students rounding skills by requiring
them to round to the nearest 100%. They have mastered tounding_t need more
practice on differentiating between the 10% and 100% place. They have practiced
converting whole mumbers in manv conversion units_but have not practiced
converting decimal numbers and fractions of a whole. Their prior knowledge of ratios
and whole numbers will be applied to exploring the conversion of decimals and more
challenging measurements.

How will vou differentiate the lesson to meet the needs of all learners in your
classroom?

This lesson starts out with the teacher reading and using guided practice to actively
read the article. Students practice active reading independently after. Then they work
in small groups to share ideas about the text. Thev get to work in the small groups to
explore converting measurements. [ will start asking them to convert 10 centimeters to
inches zo that they will master a less challenging conversion before moving on to the
larger conversions. I will retnind them of their knowledge about ratios as they explore
converting. Students who struggle will get to that extra support from their peers by
working in small groups. Students that find converting easy will get to explain it to
their peers which develops their understanding even more. The students will get to
work independently on the last conversion to make sure that they fully understand the
concept. I will walk around to check for understanding so that all learners are
successfal.
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Lesson Plan Development

Lesson Title: Convertin

g Heights of Plains Indians

Common Core and/or State Standard(s):

Practice 5tandards:

& MP.2. Reazon abstractly and quantitatively.
6. MP.4. Model with mathematics.
6_MP.6. Attend to precision.

Use ratio and rate reasoning to solve real-world and mathematical problems from a variety of
cultural contexts, induding those of Montana American Indians, e_g., by reasoning about tables of
equivalent ratios, tape diagrams, double number line dizgrams, or equations.

6_RP.3-Usze ratio reasoning to convert measurement units; manipulate and transform units

sppropriately when multiplying or dividing quantities.

6.MP.1. Make zense of problems and persevere in solving them.

&_MP.8. Look for and express regularity in repeated reasoning.

Lesson Objective:

Students will develop a method of
converting measurements of centimeters to
inches and inches to feet using their previous
Imowledgze of ratios, proportions, and
division invelving whole numbers.

Assessment of Learning:

Students will create a conversion table that
shows the 4 heights in centimeters (2nd
column), 1 inches (3rd column), and in feet
{4th column). Tabkle template 1= attzchad.

Lesson Objective:

Students will be able to explain how the
healthy diet of the Plains Indians contributed
to thewr growth.

Assessment of Learning:

Students will identify availability of food
and healthy ezting habits of the Plains
Indians by answering a question below the
conversion table they created. The question
1s:

In 2-3 sentences, provide evidence from
the reading and from the class discussion
that suggests why the Plains Indians were
the tallest people in the world in the
18300°s.

ERelevant Vocabulary:

Cenfimeters
Inches

Fest
Convert
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Converzsion table
Plains Indians
Tribe

Teaching Model:

5E's

Indian Education for All (IEFA) _ No _x_ Ves. If ves, describe how the lesson
addresses one or more of the Essential Understandings Regarding Montana Indians:

1 There iz great diversity among the twelve soversign tribes of Montana in their lamguages,
cultures, histories, and governmeants. Each tribe has a distinct and unigue cultural heritage that
contributes to modern Mantana

Lesson Procedures/Activities:
ENGAGE:

What 15 meant by “Plams Indians"? Native American tribes that lived on the flat plains.
Duoes anyone know what tribes of MNative Americans that live on the plaing in Meontana?
Cheyenne, Sioux, Blackfeet, Crow Comanche

What kinds of foods do you think were availzble on the plains for plaines Indian tribes in
Montana? Buffalo, bugs, fish, bird, corn, ect.

When you think of a hezlthy meal, what kind of food comes to mind? What kinds of healthy
foods do you like to eat?

EXPLOERE:

Az a class, we will active read the first two paragraphs of “Plains Indians Were Tallest,
Hezlthiest People In Warld™.

Highlight together:

American Plains

Late 1800z

Tallest people in the world

Well-nourished

Sickly victims

Eurcpean dizsase

Students will independently read the rest of the article. I will encourage students to highlight,
underline, or note anything they find interesting or important.

Students will be put into groups of 4-5. They will discuss the article and share amything they
found mnteresting or important.

We will have 2 whele group discussion. [ will ask each group to share something interesting
they read. T wall sk

What does the article say about why they were the tallest people in the world?

Do vou think how we eat today impacts our srowth?
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What vear or years were they Imown to be the tallest people?

If students note the heights listed in paragraph 3. I will nete the heights on the board as they
zav them. If they do not mention them, I wall ask:

About how tall were the tallest Plains Indians?

What other countries are known at this time to have the tallest people in the world and how
tall were they?

EXPLAIN:

T will provide the class with the conversion of inches to centimeters on the board: 1 inch =
2.54 centimeters. As a class we will talk about rounding to the nearest 10 T will call on a
student to round 234 to the nearast 107" T will azk if all students apree. Once all students
understand rounding (which they have been working on previcusly), I will remind them by
pointing to the board that 1 inch= 2.5 centimeters.

In small groups, they will comvert 10 centimeters to inches (4 inches). [ will walk arcund
checking understanding. I will remind students of their prior knowledge about ratios and
cross-multiplving to prompt thinking. I will remimd students about strategies for dividing.
Students might uze different stratesies for division such as dividing 10 lines into groups of
2.5 dashes. Az a whole group, we will discuss their findings. If students are struggling, T will
have other students who found the answer ask the struggling stodents prompting questions:
What have you found out so far?

What stratesy are you wsing? Hera is what T did but they will not finish fo their solution

I'will hand out a conversion table that [ have created that only shows the measurement of the
Plains Indians in centimeters roumded to the nearest whole number (zee attached). I will write
the conversion of centimeters to inches on the board: 1 inch = 2.5 centimeters.

In their groups they will think about how to convert the heizht of the Plains Indians (173
centimeters) to inches.

They will fill in the table with the other heights provided in the article: Australian men 172
centimeters and European men 171 centimeters.

Prompting questions:

What do you already know about converting that might be useful here? How did you conyer,
10 cerntimeters to inches?

Can you use that hare?

What are some other sivategies your classmates shared that vou undersiood?

ELABORATE:

Onee I notice groups are finishing up the 3 conversions, I will ask them to convert the inches
to feet and provide the conversion on the board: 1 foot= 12 inches.
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When students have completed their table, we will have a whole group discussion about the
data.

Students will share the numbers they found with the class and I will ask students if they
agres of disagres.

T will ask:

Which one was easier to convert? Centimeters to inches or inches to feet?

EVALUATE:

Why iz important to know how to convert measurements? One answer I hope they share:
Some measurements make more sense than others. It is easier for us to understand feet
rather than centimeters in this instance.

I will write the height of the shortest man kmown to the world and they will write it in their
table: 55 centimeters. I will use the tape measurer to show them visually how tall this is and
we will discuss it.

In the remaining space on their conversion table, I will ask the students to independently
convert the height of the shortest person in the world from centimeters to inches, and to feet.
There 1z also a question they will answer below the table on the sheet of paper. I will walk
around to check for understanding. They will tum the finished conversion chart in.

Lesson Materials:

Copies of the arficle “Plains Indians Were Tallest, Healthiest People In the World™
Pencil

Highlighter

Paper

Copies of conversion chart

Classroom Management Needs:

Students will work in small groups to discuss how to convert measurements. They will
confribute ideas and build on their commumication and collaboration skills. Some students
need to read independently to understand a text, so thev will all active read the article
mdependently. They will also get the chance to convert the measurements of the shortest man
ndependently. I will walk arcund the room during work time to 2sk prompting questions and
check for understanding.

Answer Key:

Height in Inches Feet
Centimeters




266

Plains Indian 173 cm G8.11 in 3.68 fi
Australian 172 cm G7.72 in .64 fi
European 171 em 67.32iIn 561t
Shortest man 35 cm 21.65310n 1.6

Table for students to fill out:

Height in Inches Feet
Centimeters

Plaing Indian 173 cm

Australian

Eurocpean

Shortest man

In 2-3 sentences, provide evidence from the reading and from the class discnssion that
suggests why the Plains Indians were the tallest people in the world in the 1800°s.
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Plains Indians Were Tallest, Healthiest
People In World

Average
Cheightis a
good way
Gf a
measuring
health in
populations
e
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The Native tribes on the American Plains in the late 18008 were the
tallest people in the world, suggesting that they were surprisingly well-
nourished, a new study found.

These results contradict the
modern image of American
Indians as being =ickly
victims succumbing to
Ewropean disease, said
PFuchard Steckel, co-author of
the study and professor of
coofomics and anthropology
at Ohio State University,

"What these height data show
iz the ingenuity and
adaptability of the equestrian
Plains fribes in the face of
remarkable stress from
disease and hardship,”
Steckel said,

"Plains tribes were widely “The Plains Indians had able

; e Plains Indians had a remarka
spread uu']:l“n:id?;r:," th{lc’ record of nufritional and health success,
meaning they didn't live in despite lhe enormous pressures they ware
one area long enough to

under,” Sleckel said
accumulate the wastes and
parasites that could become a threat to public health."

The: average adult male Flains Indian stood 172.6 centimeters {all --
about 5 feet 8 inches. The next tallest people in the world at that time
were Australian men, who averapged 172 centimeters. European
American men of the time averaged 171 centimeters tall, and men living
in Buropean countries were typically several centimeters shorter.

Steckel condueted the study with Joseph Prince, an anthropologist at the
University of Tennessee at Enoxville. Their results were published in a
recent issue of The American Economic Review,

Steckel and Prince used recently discovered data collected by Franz
Boas, one of the founders of American anthropology. Boas collected
and analyzed data from several thousand Native Americans during the
late 18005 as part of research he was doing for the Columbian
Exposition, a fair heldin Chicago from May to October 1893,

MEU-Ellings
Big Horn Teachers Projects (20044)
Plains Indlans

32742008
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The researchers used data from 1,123 Natives from eight Plains iribes,
inchuding the Cheyenne, Sioux, Blackfeet and Comanche.

Steckel has conducted a variety of studies using stature as an alternative
way of measuring the standard of living and overall health. Average
height is a good way of measuring health in populations, he said,
especially nutritional status, as determined by diet minus claims on the
diet made by work and by disease. Genetie differences that are
important in the heights of individuals approximately cancel in
determining the average heights of entire populations.

This study shows that despite the many technological advantages that
the European-American settlers had over the American Indians, the
Plains tribes enjoyed better health, at least nutritionally.

"The modern perception that Native Americans were hapless and in
poor health probably comes from the era at the turmn of the century when
Indians were put on reservations,” Steckel said. "Wative Americans
often did suffer high rates of tuberculosis and other manifestations of
poor health on the rescrvations, but they weren't always that way."

While the reasons for the general good health of the Plains Indians,
compared to whites, has not been extensively studied, Steckel said
several plausible theories exist. For one, the Plains Indians ate a varied
dict that included a variety of native plants, as well as buffalo and other
game that typically roamed the Great Plains, Steckel said.

Moreover, the Plains tribes were widely spread out and very mobile,
meaning they didn't live in one area long enough to accumulate the
wastes and parasites that could become a threat to public health, Steckel
said.

American Indiane did suffer from devastating epidemics such as
smallpox that killed significant numbers of people, Steckel said. But the
iribes took steps to minimize the effects of these epidemics, such ag
splitting up the tribe when the illnesses started, which helped stop the
spread. Also, they were adept at reorganizing their small bands
following deaths from epidemics.

Steckel said American Indians also lived in egalitarian societies that
provided a strong safely net for the disadvantaged in their tribes,
meaning that no one went hungry or uncared for.

In contrast to these advantages that American Indians enjoyed, many
whites living in cities - particularly the poor -- couldn't afford food for
a healthy and complete diet. These large cities and towns were densely
packed and lacked modern sanitary practices, meaning they were
breeding grounds for disease. In addition, many poor had no safety net
to help them in times of need and suffered from a lack of proper
putrition and medical care, Steckel said.

MEU-Blllings

Eig Hom Teachers Projects {2004}
Plains Indlans

hito: e, monitor.net/monitor/0105b/plainsindians htm]  Fage 32702003
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"The Plains Indians had a remarkable record of nutritional and health
success, despite the enormous pressures they were under,” Stecke! said.
"They developed a healthy lifestyle that the white Americans conldn't
maich, even with sll of their technological advantages.”

MEU-Billings
Big Horn Teachers Projects {2004)
Plains indlans

hitn:/fwww. monitor. net/monitor/0 105k nlainsindians hitm] P8 72 3272003
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Unit Plan (K)

First Draft

COE Lesson Plan Template

Teacher: Lesson Date: 11/25/15
Grade Level: Kindergarten Timeframe: 10:00-10:20
Content Area: Math Grouping 5trategy: Whaole Group

Preparing for Lesson Development
What do you know about your students’ current performance and educational needs?

Students have prior knowledge of describing what objects and their positions to other thingzs. They
learned this in the standard before this (k.G.1). They are just now being introduced to two-
dimenszionzl shapes and proper names of each. Some of the students may struggle with the explain
part of this concept because they are shy. They may also struggle picking the shapes out of other
random shapes when they are different sizes.

How will you differentiate the lesson to meet the needs of all learners in your classroom?

For this lesson | will be sure to read all_gf the words to the children that are on the board and in the
directions. | have created a lesson where gllgf the students will be up and maving so they don't get
bored just sitting there. If the students are getting bored, | will suggest that they try and name their

shapes if they aren’t already circles.

Lesson Plan Development

Lesson Title: Exploring Circles

Common Core and/or State Standard|s):
- [K.G.A2) Correctly name shapes regardless of their orientations or overall size.
- [K.MP.5.) Attend to Precision- As kindergartners begin to develop their mathematical
communication skills, they try to use clear and precize [anguage in their discussions with
athers and in their own reasoning.

Lesson Objective: Assessment of Learning:

- 5Students will be able to demonstrate - Students will be given an exit ticket. On
their knowledge of circles by coloring in this exit ticket students will have to color
just the circles out of 2 page of random in gll_of the circles on the page, none of
shapes. the other shapes.

Lesson Objective: Assessment of Learning:

- Students will be able to describe why - The teacher will be observing whether or
they placed the circles on the circle side not they put the shape on the right side

of the board and whether or not they can
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=nd why they placed the other shapes on explain why they put their shape where
the side of non-circles. thiey did.

Relevant Vocabulary:
- Cirdes- round shapes that do not hawve straight parts.

Teaching Model: 5 E's

Indian Education for All {IEFA) _x_ Mo __ Yes. If yes, describe how the lesson addresses one or more
of the Essential Understandings Regarding Montana Indians:

Lesson Procedures/Activities:

EMGAGE:
- To open this lesson, | will ask the students what a circle is and what it looks like.
- Letthem answer

- fAsk students if they see any circles around the classroom.
- Pick on students to answer.

EXPLORE:

- After going owver what a circle is, and which objects are circles around the classroom | will pass
out a random shape to each student. These shapes will include; circles, squares, rectangles,
triangles, and hexagons.

- 0Onthe board there will be two columns, one lsbeled “circles” and the other labeled Yother.™

- |'will pick students one after the other to come up to the front of the class and tape their
shape to whichever side they think it belongs

EXPLAIMN:
- Students will be explaining to the class why they put their shape where they did.
- Once they have placed their shape on the board, | will ask the class if they are right.
- If a student dizzgrees, | will have them explain why they think it should be on the other side.

ELABORATE:
- When all of the students have gone, | will ask them if they notice anything different about
some of the circles. [some will be big, and some will be small)
- Ask students if they know what some of the shapes that they put on the "other" side are
- Have students explzin to the class what the other shapes are if they know.
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EVALUATE:
- When we have finished discussing ask the students what a circle is again and how they know.
- H=and gut an exit ticket to each student
- This is a page with a few random shapeas on it and they will be coloring in all of the shapes
that are circles.
- Thiz will show you if they can identify which shapes are circles out of a series of different
shapes.

Lesson Materials:
- 5hapes for each student
- Exit Ticket
-  Tape
- Pencils

Classroom Management Needs:

- Students will be working as a whole group. | will be calling students to come up and put their
shapes up. With this | will need to be sure that the rest of the dass has zero voices so we can
say if we agree or not. | will also be sure that students aren’t rude to each other if one gets it
WIanE.

Circles Other

This is the chart that needs to be drawn on the board.
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Exit Ticket

Directions: Color in all of the circles.

.
A

O
O
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Shapes for Group Activity- Print off enough for each student to have one shape.
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COE Lesson Plan Template

Teacher: Lesson Date: 11/26/19
Grade Level: Kindergarten Timeframe: 10:00- 10:20
Content Area: Math Grouping Strategy: Whole group

Preparing for Lesson Development
What do you know about your students’ current performance and educational needs?

- Inthe previous lesson students learned about what circles are and how to go about explaining
what they look like. They are not familiar with how to look for and explain different key features
of the shapes.

Howr will you differentiate the lesson to meet the needs of all learners in your classroom?

- Inthis lesson | will be conmecting it to things that they have eaten so that they stay engaged.
They will be using different sized triangles so that they will know that a triangle is 2 triangle no
matter how big or small. | will also be reviewing what we did yesterday (circles) so that they
don't forget about what they have already learned. | have provided each student with pattern

shapes that they can trace when they are doing the art project.

Lesson Plan Development

Lesson Title: Exploring Triangles

Common Core and/or State Standard|s):
- [K.G.A2) Correctly name shapes regardless of their erientations or overall size.
- K.MP.4. model with mathematics.

Lesson Objective: Assessment of Learning:
- Studernts will be able to model and - When they present what they made | will
explain what a triangle locks like. be noting whether or not they made a

triangle and if thay can explain why it is a
triangle {thres sides).

Lesson Objective: Assessment of Learning:

- Students will be able to use their prior - | will be assessing the students on
knowledge of circles and triangles to whether they used just triangles and
creabe an art project using just those two circles like thay were supposed to or if
shapes. they used other shapes.

Relevant Vocabulary:
- Triangles- & shape with three sides that are all the same size.
- Two-dimensionzal- 3 shape that has a width and a length, but no height.
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Teaching Model: 5E'=

Indian Education for All {IEFA) _x_ Mo __ Yes. If yes, describe how the lesson addresses one or more

of the Essential Understandings Regarding Montana Indians:

Lesson Procedures/Activities:

EMGAGE:

- Ta start thiz lesson, | will have different two-dimensional shapes drawn on the board.

- | will go over the shapes with the students, asking them if they can tell me what the shapes are
before | tell them.

- Ask students which one iz a trizngle and how they can tell it is a trizngle. (three sides)

- Ask students if they can name any thing that they eat that is in the shape of a triangle.

- Let students answer.

EXFLORE:
- Woe are going to be making our own triangles today.
- Hand out pretzel-sticks and marshmallows to group.
- Each student should use these materials to make a triangle.
- They will have 10 minutes to build their triangles. .

EXPLAIMN:

- When everyone is finished building, | will have the students show the class what they built.
- Have students explain what they built and why it is a triangle

- If students didn‘t build a triangle, | ask them what a triangle is again, and they will have to say

what they did wrong.

ELABORATE:

- When everyone is finished, | will ask if they can tell me the shape we learmed about
yesterday. [circles)

- |'will ask them how a triangle is different from a circle.

- Hand out different colored paper to each group

- Hawe student trace and cut out different colored triangles and circles to make an art project.

- l'will have an example of the project on the board and will be roaming around helping the
students if they need it.

- Remind them that triangles can be zll different sizes but have to have three straight sides.

EVALUATE:
- After students have finished their art projects hawve them tell you what a trizngle is and how
many sides it has.
- Ask the studenits which shapes they used on their project (circles and trizngles)
- lwill look at each project and make sure that they just used circles and triangles to make sure
they understand what those two shapes are.
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Lesson Materials:
- Pretzels
- Marshmallows
- Colored construction paper
- Traceable triangles and circles
- Glue
- Drawn shapes on whiteboard

Classroom Management Needs:
- Dwring this lesson | will be roaming around the reom while they are making their triangles out

of pretzelz so that they stay on track. | will be monitoring their voice levels because when
students are working om projects, they tend to get 3 bit louder.

hMarshmallow project: Students will be doing something like this but making triangles instead.
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Triangle art project example

Traceable triangles and circles- hand out 2 set to each student
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COE Lesson Plan Template
Teacher: Lesson Date: 11/2E/19
Grade Level: Kindergarten Timeframe: 10:00-10:30
Content Area: Math Grouping Strategy: Whale Group/Partners
Preparing for Lesson Development
What do you know about your students’ current performance and educational needs?

- Previously in this unit, students have learned about and how to explain the looks of two shapes;
circles and triangles. They are able to lzarn and describe the different shapes, although they
strugzle with explaining them. We will continue to work on this skill.

How will you differentiate the lesson to meet the needs of all learners in your classroom?

- Forthis lesson | will be letting the students use as many of the three shapes we have gone over
as they want 33 Jgne as its more than three. | will also have the shape on the bingo caller card in
case students don't remember what they are or need a refresher. In the bingo game | have
included a hexagon to get the kids thinking about what we have learned. Also, | have included
the other two shapes into this lesson to serve as = refresher of the unit so far.

Lesson Plan Development

Lesson Title: Exploring Squares

Common Core and/or State Standard|s):
- [K.G.A2) Correctly name shapes regardless of their rientations or overall size.
- K.MP.4. Model with mathematics.

Assessment of Learning:

The teacher will be looking over the
drawings to see if they have used the
correct shapes.

Lesson Objective:
- Students will be able to explain which -
shapes they used in their drawings and

why.

Lesson Objective: Assessment of Learning:

their knowledge of circles, triangles, and
sguares by participating in a bingo game
where they have the shapes and the
teacher is just saying which shape it is.

- Students will be able to demonstrate -

The teacher will be walking around while
calling out the shapes to see if the
students are crossing out the correct
shape when its name is called.
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Relevant Vocabulary:

- 5quare- 3 shape with all of the same size sides that make 30-degres angles.
- Rectangle- a shape with two short ends and two long sides.

Teaching Model: 5 E's

Indian Education for All {IEFA) _x_ Mo __ Yes. If yes, describe how the lesson addresses one or more
of the Essential Understandings Regarding Montana Indians:

Lesson Procedures/Activities:

EMGAGE:

- Ask students what a sguare looks like

- Hawe one student come up to the board and draw it

- Ask students how many sides it has.

- Ask students if they know the difference between a square and a rectangle

- Hawe students point out squares around the room. If they point out rectangles such as the
daoor tell them that a rectangles have two long sides and two short ends. 3quares have all of
the same size sides.

EXPLORE:
- Ask students if all squares are the same size
- Letthem answer
- Sqguares can be either big or small as long a5 it has four equal sides.
- Hawe students draw a picture either of themselves or of an animal
- When drawing they can only use sguares, circles, and triangles.
- They also hgwe tg have at least 3 triangles, 3 circles, and 3 squares in their drawing.

EXPLAIMN:
- When everyone is done with their drawing, hawve them switch their drawings with the person
acrass from them.
- Hawe the students count how many of each shape their partner used
- Have students stand up one by one and explain the different shapes their partner used.
- Ifyou see a shape that izn't one of the three, we were working on, ask them what shape it is
and why they used it.
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ELABORATE:
- Hand gut bingo boards and chips to put on top to each group.
- Tell students that you are going to be just saying the name of the shape and thay have to find
ane of them on their board to cover up.
- Play the game until students at least 4 students get a bingo.

EVALUATE:
- Ask students what a sguare is
- Letthem answer
- Askthem whzat the shapes are that we have learnad so far are.
- Letthem answer
- What is the difference between a square and a2 rectangle?
- Letstudents explain.

Lesson Materials:
- Drawing paper
- Pencils
- Colored pencils
- Bingo board
- Bingo chips

Classroom Management Needs:

- Forthis lesson | will be walking around the room making sure g]lgf the students are staying
on task and that their voices don't get too loud. When they are sharing about their friends’
projects, | will make sure that they are saying nice things. Alsg, when we are playing the bingo
game, | will be walking around making sure that none of the students are cheating,

Shapes Bingo Caller Card
Triangle

Circle

Rectangle

Sguare
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Unit Plan (K)

Final Draft

Exploring Shapes
(K.G.A 2} Correctly name shapes regardless of their orlentations or overall size.
(ELMP.6.) Attend to Precizion
(B P .4.) Model with Mathematics
In three days, students will be able to understand, identify, and recognize different two-
dimensional shapes.
Student 18
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COE Lesson Flan Template

Teacher: Leszon Date: 11/28/18
Grade Level: Kindergarten Timeframe: 10:00-10:20
Content Area: Math Grouping Strategy: Whole Group

Proparing for Lasson Development
What do you know about your students’ current performance and educational needs?

Students have prior knowledge of describing what objects and their positions to other things. They
learned this in the standard before this (k.&GA). They are just now being introduced to teo-
dimensional shapes and proper names of each. Some of the students may struggle with the explain
part ofthis concept because they are shy. They may also struggle picking the shapes out of other
random shapes when they are different sizes.

How will you differentiate the leszon to meet the needs of all learners in your clagzroom?

Forthisleszon | willbe sure to read allgfthe words to the children that are onthe board andin the
directions. |have created s lessonwhere allgithe students willbe upand moving so they don“tget
bored just sitting there. If the students are getting bored il suggest that they try and name
their shapesiftheyaren'talready circles. If studentsare struggling, | willtake a stepbackandgo
over againwhata circle is and whatit looks like. | will also try and relate it to them asbestas | can
that arethatshape. (mayba a chair

This would be paoir
coin
i I-id
ltw

Vo

osean Rlan Do loprage -
Lesson Title: Exploring Circles T, [51[H

Common Core andfor State Standard(zg):

- (KLG.ALZ) Correctly name shapes regardless of their orientations or overall size.

- (K.MP._G.} Attend to Precision-As kindengartners begin to develop their mathematical
commumnication skills, they try to use clear and precise language in their discussions with

others and in their own reasoning.

Lesson Objective: Aszzessment of Learning:

-  Students willbe able to demonstrate - Students will be given an exit ticket. On
their knowledge of circles by coloring in this exit ficket students willhave to color
just the circles out of a page of random im allgf the circles on the page, none of
shapes. the othershapes.

Lesson Objective: Assessment of Learning:
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" - Students will be able to explain why they - The teacher will be observing whether or
placed the circles on the circle side and not they put the shape on the right side
why they placed the other shapes on tha of the board and whether or not they can
side of non-circles. explain why they put their shape where

they did.

Relevant Vocabulary;

- Circles- round shapes that do not have straight parts.

Teaching Model: 5 E's

Indian Education for All (IEFA) _x_ No __ Yes. If yes, describe how the lesson addresses one of mare
of the Essential Understandings Regarding Montana Indians:

Lesson Procedures Activities:

EMGAGE:
- Toopen this lesson, | will ask the students what a circle is and what it looks like.

= Let themn answer (| will be expecting the students to say that it is round and that it only has
one side. They may even say that it looks like a ball. Some of the students may just draw it in
the air because they don't know how to describe it.)

- Ask students if they see any circdes around the dassroom.

- Pick on students to answer.

EXPLORE:

- After going over what a cirche Is, and which objects are circles around the classroom | will pass
gut a random shape to each student. These shapes will include; circles, squares, rectangles,
triangles, and hexagons.

- Onthe board there will be two columns, ome labeled “cirches” and the other labeted “other,”

- | will pick students one after the other to come up to the front of the class and tape their
shape to whichewer side they think it belongs
| will then ask the students a few guestions before getting started, Are there any sides on a
circle? Do circles hawe any corners?

EXPLAING
- Students will be explaining to the class why they put thelr shape where they did,
- Once they have placed their shape on the board, | will ask the class if they are right.
- If astudent disagrees, | will have them explain why they think it should be on the other side.
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ELABORATE:
- When all of the students have gone, | will ask them if they notice anything different about
some of the cirdles. (some will be big, and some will be small)
- sk students If they know what some of the shapes that they put on the “other” side are
- Have students explain to the class what the other shapes are If they know. — i‘éﬂ‘-—m

EVALUATE:
- \When we have finished discussing ask the students what a circle is again and how they know. |
- Mow that you know what a circle is and what it looks like, can you tell me things that you have
seen that are circles? Why do you think that they are in this shape instead of another shape?
Can you think of any thing that is in the shape of a circle that you don’t think should be?
Explzin why you think this, (These answers may be all over the place, but at least they are
explaining why thay think what they do.)

- Hand out an exit ticket to each student

. This is a page with a few random shapes on it and they will be coloring in all of the shapes
that are circles.

- This will show you if they can Identify which shapes are circles aut of a series of different
shapes,

" Classroom Management Needs:

- Students will be working as a whale group. | will be calling students to come up and put their
shapes up. With this | will need ta be sure that the rest of the class has 2ero voices so we can
say if we agree or not. | will also be sure that students aren’t rude to each other if one gets it
Wrong.

4 LI
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Circles Other

This is the chart that needs to be drawn on the board.
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Shapes for Group Activity- Print off enough for each student to have one shape.

>
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COE Lesson Plan Template

Teacher: Lesson Date: 11/26/19

Grade Level: Kindergarten Timeframe: 10:00- 10:20
Content Area: Math Grouping Strategy: Whele group
Preparing for Lesson Developmernt

What do you know about your students’ current performance and educational needs?

In the previous lesson students leamed about what circles are and how to go about explaining

what they look like. They are not familiar with how to look for_snad explain different key features
of the shapes.

Howe will you differentiate the lesson to meet the needs of all learners in your classroom?

In this lesson | will ba connecting it to things that they have eaten so that they stay engaged.
They will be using different sized friangles so that they will know that = triangle is a triangle no
matter how big or small. | will go over with the students a little bit of what sides are so that they
will be able to understand what | mean when | ask how many sides a triangle has. | will alse be
reviewing what we did yesterday (circles) so that they don't forget about what they have
already leamed. | have provided each student with pattern shapes that they can frace when
they are doing the art project. If students are struggling with this content, | will be pairing them
up with a pariner to help explain the concept to them. | will also hawve them think back to the
objects the class pointed outin the classroom that are that certain shape, this might frigger their
memory. If students already know their shapes, | will be asking them more gquestions asto
where you might find them and why you think the people made those things that shape?

Lesson Plan Developrrernt

Les=son Title: Exploring Triangles

Commeon Core and/or State Standard|s):

- (K.G.A.2) Comectly name shapes regardless of their crientations or oversll size.
- K.MP.4. model withmathemafics.

Les=on Objective: Aszzeszment of Learning:
- Students will be able to model and - When they present what they made | will
explain what a triangle looks like. be noting whether or not they made a

triangle and if they can explain whyit isa
triangle (three sides).

Les=on Objective: Aszzezazment of Learning:
- |'will be assessing the students on
whether they used just trisngles and
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Students will be able ;!I?anﬂ circles like they were HIPPDSEd to or if
they-tsedamd Wiy ey used-them they used other shapes.
wherethey-did. wgt i.Lu-._EL.}

: e ﬂ\gd\.v} T f@-‘

- Triangles- a shape with three sides that are all the same size.
- Two-dimensional- a shape that has a width and a length, but no height.
Side- The different lines on a two-dimensional shape are sides.

“Teaching Modetl: 5 E's

indian Education for All (IEFA) _x_No__Yes. If yes, describe how the lesson addresses one or more |
of the Essential Understandings Regarding Montana Indians:

Lesson Procedures/Activities:

ENGAGE:

- Ta start this lesson, | will have different two-dimensional shapes drawn on the board.

- | will go over the shapes with the students, asking them if they can tell me what the shapes are
befare | tell thaim.

- Ask students which one is a triangle and how they can tell itis a triangle. (three sldes)

-What is 2 side? How would we explain how may sides a triangle has? [Explain this to the students
after they attempt an answer)

- Ask students if they can name any thing that they eat that is in the shape of a trlangle.

- Let students answer.

EXPLORE:

- We are going to be making our own triangles today.

- Hand out pretzel-sticks and marshmallows to group.
| - Each student should use these materials to make a triangle.
- They will have 10 minutes to build their triangles.

EXPLAIN:
- When evaryone is finished bullding, | will have the students show the class what they built.
- Hawve students explzin what they built and why It is a triangle
- if students didn't bulld a trianghe, | ask them what a triangle is again, and they will have to say
what they did wrong.
What other things could you make out of these materials? What other objects have you seen
maybe at home or outslde that are made of triangles?

FLABORATE:
| - When everyone is finished, | will ask if they can tell me the shape we learned about

yesterday. (elrcles)
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- | will ask them how a triangle is different from a circle,

- Hand out different colored paper to each group

- Have student trace and cut out different colored trizngles and circles to make an art project.
| will be including multiple other shapes on the traceable page. This way the students have to
really think about the shapes that we have been learing about and pick out which ones they
are.

- 1will have an example of the project on the board and will be roaming around helping the
students if they need it.

- Remind them that triangles can be all different sizes but have to have three straight sides.

EWALUATE:

- After students have finished their art projects have them tell you what a triangle is and how
many sides it has. How can you tell this is a triangle?

- Ask the students which shapes they used on their project and why they used them (cirches
and triangies)
an you think of any other animals that might have triangles and circies on thelr body? Which
anes? Where can you find these shapes in nature?
Mo that you know what a triangie is and what it looks like, can you tell me things that you
hawve seen that are triangles? Why do you think that they are in this shape instead of another
shape? Can you think of anything that is in the shape of a triangle that you don't think should
be? Explain why you think this. Can you think of anything that has both triangles and cir cles? b
{pizza)

= LIIHmk at each project and make sure that they just used circles and triangles to make sure
they understand what those two shapes are.

|
=

Lesson Materials:
- Pretzels
- Marshmallows
= Colored construction paper
- Traceable trianghes and circles
- Glue

- Drawn shapes on whiteboard

Classroom Management Needs:
- During this lesson | will be roaming around the roem while they are making their triangles out
of pretzels so that they stay on track. | will be monitoring their voice levels because when
students are working on projects, they tend to get a bit louder.
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tarshmallow project: Students will be doing something like this but making triangles instead.
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Traceable triangles and circles- hand out a set to each student
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COE Lesson Flan Template

Teacher: Leszon Date: 11/26/19

Grade Level: Kindergarten Timeframe: 10:00-10:30

Content Area: Math Grouping Strategy: Whele Group/Partners
Preparing for Les=on Developmernt

‘What do you know about your students’ current performance and educational needs?

Previously in this unit, students have learned sbout and how to explain the looks of two shapes:
circles and triangles. They are able to learn and describe the different shapes, although they
struggle with explaining them. We will continue to work on this skill.

How wil. you differentiate the leszon to meet the needs of arr learmers in your gdassroom?

For this lesson | Will be letting the students use as many of the three shapes we have gone over
as they want asJongas s more than three. | will also have the shape on the bingo caller cardin
case students don't remember what they are or need a refresher. In the bingo game | have
included a hexagon to get the kids thinking about what we have leamed. Also, | have included
the other two shapes into this lesson to serve as a refresher of the unit so far. | will be going
owver what sides are again today to help students who have forgotien. If students are struggling,
| will hawe them sit nextto someone who is really getting it when we are doingthe Bingo game
This will help them because if they can't locate the shape by just hearing the name, their parimer
may be able to help them out. If | have students who are ahead of everyone, | will be asking
them more questions to get them thinking. (thesa questions are located at the end of the
lesson)

Lesson Plan Development

Lesson Title: Exploning Rectangles

Common Core andlor State Standard|s):

- (K.G.AZ) Comectly name shapes regardless of their orientations or overall size.
- K.MP.4 Moder with matherscs.
e ]

—-

Lezzon Objective: Aszzessment of Leaming:
- Students will be able to explain which - The teacher Willbe looking over the
shapes they used in their drewings and drawings to see if they have used the
comect shapes.
why. m
A ag e
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Lesson Objective: Assessment of Learning:
Students will be able to identify the - The teacher will be walking around while
different shapes we have learned about calling out the shapes to see if the
that are all different sizes out of number students are crossing out the cormrect
i of other shapes. shape when its name Is called.
| Relevant Vocabulary:

- Rectangle- a shape with two short ends and two long sides.

Side- The different lines on a two-dimensional shape are sides.

'Teaching Model:5E's

Indian Education for All (IEFA) _x_ Mo __ Yes, If yes, describe how the lesson addresses one or more
of the Essential Understandings Regarding Montana Indians:

Lesson Procedures/Activities:

ENGAGE:
- Ask students what a rectangle looks like
- Hawe one student come up to the board and draw it
- Do you remember what a side is? Explain how many sides a rectangle has,
Have students point out rectangles around the reom, Ask if they know of anything that is in
the shape of a rectangle that is in the school? {the school my be rectangular, gym, or
classrooms)

EXPLORE:
- Ask students if all rectangles are the same size
- Let them answer
- Hawe students draw a picture either of themselves or of an animal
- When drawing they can only use rectangles, circles, and triangles.
- They also have to havie at least 3 triangles, 3 circles, and 3 rectangles In thelr drawing.

EXPLAIN:
- When everyone is done with their drawing, have them switch their drawings with the person
across from them.
- Have the students count how many of each shape their partner used
- Hawve students stand up one by one and explain the different shapes their partner used.
- If you see a shape that isn't one of the three, we were working on, ask therm what shape it i=
and why they used it.
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ELABORATE:

Hand out bingo boards and chips to put on top to each group.

Tell students that you are going to be just saying the name of the shape and they have to find
one of them on their board to cover up.

Ask students what shapes they recognize on the board.

Play the game until students at least 4 students get a bingo.

EVALUATE:

Ask students what a rectanghe is? How can you tell?

Let them answer

Ask them what the shapes are that we have learned so far are.

Let them answer A

MNow that you know wha t-v.!-!qwru is and what it looks like, can you tell me things that you
have seen that are-sauaces? Why do you think that they are in this shape instead of another
shape? Can you think of anything that is in the shape of a square that you don't think should
be? Explain why you think this. Can you tell me anything that has all three shapes we have
learned so far in it? (Pizza in a box) V/'

Lesson Materials:

Drawing paper
Pencils
Colored pencils
Bingo board
Bimgo chips

Classroom Management Needs:

For this lesson | will be walking around the room making sure all of the students are staying
on task and that their voices don't get too loud. When they are sharing about their friends’
projects, | will make sure that they are saying nice things. Also, when we are playing the bingo
game, | will be walking around making sure that none of the students are cheating,

Shapes Bingo Caller Card

Triangle
Circle
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I can do this, I'm almost 1 did ix! I went above
but I need more | there and beyond
practice |
Application of | With assistance, | | [ can successfully | [can successfully | [ can successfully |
Concepts can successfully name two of the | name all three of | name all three of |
name one of the | shapes wehave | the shapes we the shapes we
shapes we have learned. | have learned have learned
learned. | (circles, triangles, | (circles, triangles,
| and rectangles) and rectangles)
when they are all | when they are all
. the same size. f_f_:}iﬁ‘arem gizes,
Explanation of | | can generally I can explain what | [ can explainin | | can clearly
Concepts cxplain what the | in detail what one | detail what two of | explain in detail
three shapes of the shapes the shapes look what all three of
(vircles, triangles, | looks like. like. the shupes look
|  and rectangles) | like and how
look like when many sides each
| | someone is | have,
,  promptingmy |
N thoughits. . |
|- Mathematical | lcancountthe | 1can count the | can successfully | 1 can successfully
| Processes | numbers of sides | numbers of the count the numbers | count the numbers
| of one of the sides on two of of sides on two of | of sides on all
| |ahlpesifmm=|ﬁ1eshmhm the shapes by three of the shapes
| | helps me. | still need some myself, we have learned
| help. about without amy
| . | . . I lwilp.
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Marrative

Unit Goal

My overall goal for this lesson is that in three days, students will be able to understand,
identify, and recognize different two-dimensional shapes. My hope is that students will
be able to leam and name the three shapes [ have chosen for them. 1 will need a few more
days to teach the rest of the main shapes to the students. I will be asking the students to
tell me what they know about the shapes that we are learning about before we get started.
T will also be asking them to explain what they do to me so [ can see il they understand or

not.

Unmit Sequence

I chose this sequence m my lessons so that the students are learning shapes that are easier
first. First, they will be learning about the circle which has one side. Second, they will be
leamning aboul a triangle which has three sides. Third, they will be leamning about a
square which has four sides. The lessons build on one another by progressively getting
more details about them. [ will also be focusing on reviewing the shapes we have
previously learned al the end of each lesson. They will usually be tied into one of the
projects. T have done this so that the students don't forget what they have learmed in the
previous days. I will be leaving the harder shapes like rectangles and hexagons for the
next couple days because they are harder to understand than theses ones [ have talked
about. T have designed these lessons so that the students are doing activities or crafts
while learning about the shapes. | have don't this so that the students are staying involved

and being hands on. This may help eliminate poor behavior and students getting bored.
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Assessment Rubrie

The evidence of Tearning that T will be looking for in these three fessons is that students
are able to name which shape is which and explain why what the shape looks like. [ will
also be looking for the students 1o remember the shapes we have learned about the
previows days while we are doing our refresher, T will be wanting the students to be able
to identify the shape even when it is a different size. | will be looking for the students to
point out which shape is which when they are among olher shapes. Also, T will be looking
for the students to describe specific features of each shape like how many sides it has and
the length of the sides. | will distinguish between the students who are comprehending
the concepts and those who are nol by how well they are able 1o tell the shapes apart. |
will alse be able to tell when students are either able or not able to name the shape when
it is a different size,

Mathematical Practice Standards

- This unit supports the mathematical practice standards (K.MP.6.) Attend o Precision and
(K. MP.4.) Model with Mathematies. The unit supports these two standards by having the
students represent their shapes using different materizls such as with pretzels and
drawings. This unit is also having the students use their communication skills to explain

what the shape is and what it looks like.
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Unit Plan (1%)

First Draft

COE Lesson Plan

Lesson Teacher: Date: 2& Nowvember 2019
Lesson Grade Level: 1st Timeframe: 10:00-10:30
OContent Area: Math Grouping Strategy: Whaole Group

Preparing for Lesson Development
1. What does your pre-assessment observation indicate about your student’s needs and current
performance and educational needs? Students have prior knowledge of adding and subtracting
within 20. This will be the student’s first introduction to the concept of fact families. Students
seem to be doing well with adding within 20, but there are several students who have been
struggling with subtraction.

2. How will you design the lesson to meet the needs of all learners in your classroom? Varigus
manipulatives will be provided for students to help them visually s2e how fact families are
represented. | anticipste most students will need to use these as this is the first time we will be
wiarking with fact families. For students whao immedistely grasp the concept, | will challenge
students to solve problems that are missing numbers (i.e. 9-_ =4or__ +13=1F}

lesson Plan Development

Lesson Title: Fact Families

Common Core and/or State Standard: Add and subtract within 20 demonstrating fluency for addition
znd subtraction within 10. Use strategies such az counting on, makingten (2.g, 8+6=8+2+4=10+
4 =14}, decomposing 2 number leading toaten {e.g., 13-4 =13 -3 - 1= 10— 1 =95), using the
relationship between addition and subtraction (2.2, knowing that 8 +4 = 12, one knows 12 — 8 = 4]
=nd creating equivalent but easier or known sums (2.g., adding & + 7 by creating the known equivalent
E+6+1=12+1=13).{1.0A8)

Practice Standard: 1.MP.1. Make senze of problems and persevere solving them.

Practice Standard: 1.MP.5. Use appropriate tools strategically.

Practice Standard: 1.MP.7. Look for and make use of structure.

Aszsessment of Learning: 5Students will be given an
Leszon Objective: Students will identify missing | exit ticket that have half 3 problem set. Students
partions of a problem set. will be asked to 2dd the missing half of the

problems.

L . . Assessment of Learning: Teacher observation
Lesson Objective: 3tudents will explain how . . .
. . during lesson. | will be looking for an answer such
many subtraction and addition problems .
. as 1 notice that problem sets usuzlly have 2
problem sets usually contain.

subtraction and 2 addition problems.’
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Based on the lesson objectives, select an appropriate teaching model: 5E's

Indian Education For All [IEFA) Mo Yes. If yes, please describe

Classroom
Lesson Procedures/Activities Materials Management
MNeeds
Engage/ Explore: For this portion of the lesson, 1willwrite @ | Whiteboard Students should

fact family on the board (such as 3+8=11, 8+3=11, 11-8=3,
and 11-3=8). | will then ask stedents to think about the
problems for a few minutes (1-2). After the students think
alout the problems individually, students will be asked to
turn to their elbow partners and discuss with themn for
amother 1-2 minutes what they think the problems on the
board have in commaon.

sample Problems

initially b= s=ated at
their dasks, thinking
about the problems
on the board.
students may then
talk quistly to their
elbow partners about
what the problems on
the board have in
common. The teacher
will circulate amongst
students to make sure
they are not
digressing into
conversations about
unrelated topics.

Explain: After students are given the opportunity to discuss
the relationship between the facts on the board, | will call
students’ attention back to me and steer students toward a
group disoussion about what they think the problems on the
board have in common. If | notice that students are
struggling to come wp with ideas about what the problems on
the board have in commaon, | will ask students what they
noticed and wonderad about them. If this doesn’t prompt
amy further answers, | will ask students what assumptions we
could make about the problams.

whitebozrd
sample Problems

students should be
s=ated &t their desks,
raising their hands to
answer questions
asked by the tzacher
and waiting umntil they
are called on to share
their ideas.

Elaborate: after we discuss the problems that are on the
whiteboard, | will write half a =t of problems on the board. |
will ask students to complete to think about the missing 2
problems and what they could be. 1 will ask students to give
me & thumbs up against their chests when they have an
answer. If | notice that students are struggling to come up
with the missing problems, | will ask them the question
“where have you s=en something like this before?” when all
students hawe an answer, | will ask one student to come up to
the board and write one of the missing problems and a
second students to come up to the board and write the
sacond missing problem. After the missing problems are
written on the board, | will ask students if they all agree with
the answers that were given. Why or why not? If someons
zays one of the answers is incorrect, | 'will ask the student
what his/her answer would be and what method they used to
come up with that answer. This will help me hear any
discrepancies that students may have about the problems
and help me comrect them before we move into working with
more fact families im the next lesson. After the problem set

whiteboard
Expo Marker

students will be asked
to sit at their desks
while thinking about
what the answers to
the missing portions
of the problem set on
the board might be.
students should give
the teacher a thumbs
up against their chests
when they have an
answer and when all
students are ready to
share an answer,
students should raise
their hands if they
wish to come write
the answers of the
board.
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on the board is complete, | will ask students what they notice
alout the problem sets. | am looking for an answer such as “1
notice that the problem sets all have 2 addition and 2
subtraction problems.’

Evaluate: Using an exit ticket during the last 5 or so minutes
of the lesson, students will b= asked to fill in the missing
portions of 3 problem set on an exit ticket so that the teacher
can get an idea of whather qrongt students did or did not
meet the objective of the lesson. students will also be asked
to rate themselves on how they are feeling about proklem
zats: red, meaning they don't get it at all, yellow meaning
they sort of get the concept, and green meaning they are
comfortable with the concept and think they are ready to
move. | would expect a mixture of yellow and red ratings.

Exit Tickst
Pencil
offices (if needed)

students will be asked
to complete their exit
ticket in silence. I
necessary, students
will be given offices to
ensure that the data
from the assessment
is accurate.

Evidence of Lesson Effectiveness/Student Learning: n/a

Reflection and Recommendations for Mext Time: n/3

attachments, if required.

4+8=12

12-4=3

\ at zll this

/ Exit Ticket "™

Please complete the miszing portions of the problem st below.

RED: | don't get this YELLOW: | sort of get

How do you feel about the concept of problem sets?

GREEN: | understand the

concept and am ready to
mowe on
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COE Lesson Plan

Lesson Teacher: Date: 26 Mowv. 2019
Lesson Grade Level: 1st Timeframe: 10:00-10:30
Content Area: NMath Grouping 5trategy: Whaole Group

Preparing for Lesson Development
1. What does your pre-assessment observation indicate about your student’s needs and current
performance and educational needs? Students have prior knowledge of adding and subtracting
within 20. Students seem to be doing well with adding within 20, but there are several students
who have been struggling with subtraction. In the previous lesson, students were introduced to
the idea of fact families (called problems sets in the previous lesson), and most students rated
themselves as red or yellow on their exit tickets.

2. How will you design the lesson to meet the needs of all learners in your classroom? Various
manipulatives will be provided for students to help them visually s=2e how fact families are
represented. | anticipate most students will need to use these as this is the first time we will be
wiorking with fact families. For students who immediately grasp the concept, | will challenge
students to solve problems that are missing numbers (ie. 9-_ =4 or___ +12=15)

Lesson Plan Development

Lesson Title: Fact Families

Common Core and/or State Standard: Add and subtract within 20 demaonstrating flusncy for addition
znd subtraction within 10_ Use strategies such as counting on, makingten (2., 8+6=8+2+4=10+
4 = 14), decomposing a number leading to a ten {e.g., 13-4 =13 -3 - 1= 10-1=9), using the
relztionship between addition and subtraction (e.g., knowing that 8 +4 =12, one knows 12 — 8 = 4]
=nd creating equivalent but easier or known sums (2.g., adding 6 + 7 by creating the known equivalent
B+6+1=12+1=13).(1.0AR)

Practice S5tandard: 1.MP.1. Make sense of problems and persevers solving them.
Practice S5tandard: 1.MP.5. Use appropriate tools strategically.
Practice Standard: 1.MP.7. Look for and make use of structure.
Lesson Objective: Students will use

. . . . Assessment of Learning: Teacher observation
manipulatives to model 2 fact families of their .
. during lesson
choosing.

Assessment of Learning: Students will be given an
exit ticket at the end of the lesson to respond to
Lesson Objective: 5tudents will explain what a | the guestion: what iz a fact family? Am acceptable
fact family is. answer would be something like "A fact family is a
group of 2 numbers that are used in related
eguations.’
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Based on the lesson objectives, select an appropriate teaching model: 5 E's

Indian Education For All (IEFA) Mo Yes. If yes, please describe

Classroom
Lesson Procedures/Activities Materials Management
Needs
Engage: For this portion of the lesson, we will do a brief ‘Whiteboard students should b=
review from yesterdsy's lesson with the intention of invoking | Expo Marker s=ated at their desks

prior knowledge. | will write half 3 problem set on the board
and ask students to complete it 1 will give students a couple
of moments to ponder the answer to the guestion and then
ask students to share their answers.

thinking about the
problem on the board
in front of them.
students should signal
to the teacher that
they are ready to
share an answer by
putting a thumbs up
against their chest
‘when everyone is
ready to share an
answer, the teacher
will call on 2 students
to tell the teacher the
mizsing egquation (1
student per equation).

Explore: Students will be given some manipulatives and will
then be given 3-4 minutes to play with them and become
familiar with the manipulatives. While students are
becoming familiar with their manipulatives, | will write a
couple of problems on the board. Attention will be called
back to the board and students will then be asked to think of
3 way to model the equations on the board with their
manipulatives. Students will be given a couple of minutes to
do this individually and then may turn ta their elbow partners
and hawe a quite conversation about how they chose to
maodel the eguations.

Manipulatives |Base
10 blocks, snap cubes,
etr.)

‘White board

Expo Marker

Students should be
s=ated at their desks
becoming familiar
with their
manipulatives. Once
attention is called
back to the board and
instructions are given,
students should work
quiethy for a few
minutes to try and
mdel 3 fact family by
themselves, and then
they may talk to their
elbow partners using

inside voices.
Explain: After giving students the opportunity to discuss how students should b=
they modeled their problems with the manipulatives, 1 will s=ated at their desks,

steer students into a discussion about the different ways that
were presented. After we have discussed the different ways
that students have discovered, | will write the phrases fact
family’ and ‘problem set’ on the board. | will ask students to
think about each of these terms for a brief moment. |
anticipate students will not know what the term fact famiky
means, 5a | will ask them guestions such as "What do you
already know that might be helpful here? and “what
assumptions might we make?" after allowing students a few
minutes ta think about these phrases individually, | will allow
students to turn and talk to their elbow partners briefly. | will

uniless they are
explaining how they
used their
manipulatives to
medel 3 fact family. If
they are modeling 2
fact family, they may
come show it on the
projector. After the
class discussion,
students should be
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call attention back to me and ask students what they think a
fact family might b=. I'm hoping to hear ideas from students
sirpilar tg "a fact family is 2 set of numbers that helps us with
addition and subtraction facts.' | imagine getting to this point
will take some prompting, so | will ask students guestions
such as "What is the same and what is different? or *Thiz is
Just a special case of what?'

thinking about the
phrases on the board,
raising their hands if
they hawe guestions.

Elaborate: After having our group discussion in the previous | Manipulatives
saction, | will write the same fact family under each phrase on | White board
the board. | will then ask students to model the fact family Expo Marker
using their manipulatives. After giving students about 5
minutes to complete this task, | will call attention back to me
and ask students what they have noticed while they were
creating their medel of the fact family. if students are
struggling to find something similar between the 2 models, |
will ask them guestions such as "Where have you seen
something like this before?' and “What is the same and what
is different between these 2%, It is my hope that while
students were creating their models, they discovered that a
problern set and a fact family are the same thing.

Students should be
working
independenthy on
thieir madel of the fact
families. Once we
come back to our
group discussion,
students should raise
their hands to share
their ideas and wait
unitil they are called
on to share them with
the class.

Evaluate: Inthe last 5 minutes of the lesson, students willbe | Exit Ticket

given an exit ticket and asked to define in their own words Pencil

what a fact family is. | would expect an answer such as ‘A fact | Offices (if needed)
family is a group of numbers that helps us figure out addition
and subtraction facts" or something similar from a first
grader.

students will be asked
to complete their exit
ticket in silence. if
neCessary, students
will be given offices to
ensure that the data
from the assessment
is accurate.

Evidence of Lesson Effectiveness/Student Learning: n/a

Reflection and Recommendations for Next Time: n/z

Attachments, if required.

MName

Exit Ticket

Using your own words, tell me what a fact family is.
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COE Lesson Flan

Lesson Teacher: Date: 26 Nov. 2015
Lesson Grade Level: 1st Timeframe: 10:00-10:30
Content Area: Math Grouping 5trategy: \Whaole Group

Preparing for Lesson Development
1. What does your pre-assessment ohservation indicate about your student’s needs and current
performance and educational needs? Students have spent the last 2 days working with fact
families. Student= appear to have grown fairly pomfartakle with the idea of fact families.
Students also have prior knowledze of adding and subtracting within 20.

2. How will you design the lesson to meet the needs of all learners in your classroom? Various
manipulatives will be provided for students to help them visually s=2e how fact families are
represented. | anticipate most students will need to use these as this is the first time we will be
wiorking with fact families. For students who immediately grasp the concept, | will challenge
students to salve problems that are missing numbers (ie.9-_ =4 or___ +12=15)

Lesson Plan Development

Lesson Title: Fact Familiss

Common Core and/or State Standard: Add and subtract within 20 demonstrating fluency for addition
and subtraction within 10. Use strategies such as counting on, makingten (25, 8+ 6=8+2+4=10+
4 = 14), decompaosing & number leadingto aten eg, 13-4 =13 -3 - 1= 10— 1 =53], using the
relationship between addition and subtraction (e.z., knowing that 2 +4 =12 one knows 12 -8 = 4]
=nd creating equivalent but easier or known sums (2.g., adding & + 7 by creating the known equivalent
6+6+1=12+1=13).(1.04E)

Practice Standard: 1. MP.1. Mzake senze of problems and perzevers zolving them.
Practice S5tandard: 1.MP.5. Use appropriate tools strategically.
Practice Standard: 1.MP.7. Look for and make wuse of structure.

Assessment of Learning: Students will be given an
Lesson Objective: Students will create their exit ticket at the end of the lesson. Students will be
own fact family. expected to pick 3 number of 3-20 and write the
complete fact family for it

Assessment of Learning: Teacher observation

Lesson Objective: Students will be sked to during lesson. During our group disoussion about

. how to break up the number 13, | would expect to
explain how a number can be broken up. i
hear answers such as "13 can be broken in 5+4 or

B+E°

Based on the lesson objectives, select an appropriate teaching model: 5E's

Indian Education For All (IEFA) Bo_Yes, If yes, please describe
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Classroom
Lesson ProceduresActivities Materials Management
Neads
Engage: For this portion of the lesson, | will draw on Manipulatives students should b=
students’ prior knowledge of fact families by asking them to Projection Device z=ated at their desks

explain what a fact family is. 1 will also ask for a student
volunteer ar two to help show me how to represent a fact
family using the manipulatives we worked with in the
previous lesson.

thinking about how to
describe a fact family.
Thiose who wish to
share an answer nesd
to raise their hands
and wait until they are
called on to share
their answers.

Explore: | will write mumber on the board. students will be
asked to think about how this number can be broken up.

[2.E. 13, can be broken into 1043 or 4+38) | will ask students to
think about this individually for a few moements and then turn
around and talk to their elbow partners about how thay
broke wp the number. allowing students to talk to their
elbows partners is done with the intention of students
helping each other come up with various ways to break up
the number 13, rather than the teacher telling them.

Whitebozrd
Expo Marker

students should b=
zzated at their desks
thinking about how
they can break up the
number 13. Once
released to talk to
thiir albow partners,
students should be
chatting using their
indaor vaices. The
teacher will droulate
around the room a
couple of timas to
make sure that the
students are not
digressing into
conversations about
unrelated topics.

Explain: After students have been given the opportunity to
discuss how they broke up the number, 1 will call attention
back to the number on the board and ask students to share
how they broks the mumber up. As students are sharing their
ideas, | will write each idea on the board. If | notice students
whi are struggling, | will prompt them with questions such as
'How could you simplify this problem?' or "Where might you
have seen something like this before?' There are multiple
ways to break up the number 13, so for the sake of time, |
would stop students after we had &-7 different ways of
breaking up 13.

whitebozrd
Expo Marker

Students should be
s=abed at their desks,
raising their hands to
ask questions or share
how they broke up
the number 13.

Elaborate: After our group discussion, we will have multiple
ways of breaking up the number 13. students will be asked
to pick two of the possible ways and use these to create fact
families. i students are struggling, they will be encouraged
to use the available manipulatives and | will also prompt
them with guestions such as “what is known and what is
unknown?' and “what do you already know that might be
useful here? students will b2 given a few minutes to
complete the task individually and then they may turn to
their elbow partners to discuss the fact family they hawve
chasen to create. This will hopefully allow the students who
have not completed their fact families to get some ideas from

Manipulatives (if
needed)

Expo Marker
Whitebozrd

Students should b=
s=ated at their desks
working individually
unitil the teacher tells
them to twm and talk
with their elbow
partners. Once elbow
partner chats ars
allowed ta begin,
students should be
using their indoor
wioiCes. One we begin
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their peers about how they could possibly complete it After
5-6 minutes, | will call attention back to the board and zo
through and complete the fact family for each broken up
number on the board. students will b= asked to supply the
anzwers for this portion, as this will help me hear any
discrepancies in the answers or errors in how the students
are thinking that | can correct.

our group discussion,

students will be asked
to raise their hands to
share their
thoughts/ideas and
will be asked to wait
to speak until they are
called on.

Evaluate: In the last 5 minutes of the lesson, students will b=
given an exit ticket to respond to the following prompt:
Please pick 3 number between 3 and 20 and create a fact
family for it. | would expect an answer such as 15. 8+7=15,
T+B=15, 15-8=7, 15-F=E

Exit ticket
Pencil
offices (if necessary)

students will be asked
to complete their exit
ticket in silence. If
necessary, students
will be given offices to
ensure that the data
from the assessment
is accurate.

Evidence of Lesson Effectiveness/Student Learning: n/a

Reflection and Recommendations for Next Time: n/z

Aattachmendts, if required.

Exit Ticket

Please pick a number between 3 and 20. Using the number you

Name

picked, create a fact family for it.
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Unit Plan (1%)

Final Draft

Btudent 8

Fact Families

Unit Standard: Add and subftract within 20 demonstrating fluency for addition and subtraction
within 10. Use strategies such as counting on, making ten(e.g., 8+ 6 =8+ 2 +4= 10+ 4=14),
decomposing a number leading toaten(eg, 13-4=15-3-1=10-1 =9, using the
relationship between addition and subtraction (e.g., knowing that § +4 =12, one knows 12 -8 =
4} and creating equivalent but easier or kmown sums (e.g., adding § + 7 by crezting the known
equivalent 6 +6+1=12+1=13).(LOAE)

Unit Goal: The overall goal of this wnit 1s to help students become familiar with fact families.
Thiz concept is an exsential building block to many different mathematical approaches, and if
students do not have a strong foundation with this particular 1dea, these other approzches may be
very difficult for students to understand. My hope is that by the time we are done with these 3
lessons, the students have completely grasped the concept of fact families and understand how
they can be used to help students find inlmown addition and subtraction equations as we
continue on through the chapter. The most essential quastion I want students to be able to
answer by the time wea are done with this unit is "How can fact families help me with my
addition and subtraction facts?" Students who have a good understanding of thiz coneept will
alzo have a strong foundation to build on when multiplication and division concepts are
introduced later in 3 grade.
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A, Unit Goal

The overall goal gfthis unit is to help students become familiar with fact families. This
concept is an essential building block to many different mathematical approaches, and if
students do not have a strong foundation with this paricular idea, these other
approaches may be very difficult for students fo_understand. My hope is that by the
time we are done with these 3 lessons, the students have completely grasped the
concept of fact families and understand how they can be used to help students find
unknown addifion and subiraction equaticns as we continue on through the chapter.
The most essential question | want students to be able to answer by the time we are
done with this unif is "How can fact families help me with my addition and subfraction
facts?" Students who have a good understanding of this concept will also have a strong
foundation to build on when multiplication and division concepts are introduced later in
34 grade.

. Unit Sequence

In my firzt lesgon, students will become familiar with the idea of fact families and what
they usually look like. However, the term 'fact family’ will not be introduced to students
untilthe second lesson. Thisis done intentionally so that students do not become too
ovenwhelmed on the first day of the lesson. During the second lesson, we willcontinue
working with fact families so that students are as familiar with fact families as possible.
The second lesson will also introduce manipulatives for students fo practice modeling
fact families with. During the third lesson, students will be asked to demonstrate their
knowledge of fact families by using manipulatives and alsa by writing them out. |
structured the lessons like this because | feel like the first lesson is the most basic
conceptfbuilding block ofthe 3 lessons, soto me, it made sense to start here. | didn't
want to overwhelm students with too much terminology the first day, so that's why |
waited until the second day to introduce the term fact families'. In doing thig, this also
helps students put a name to what they were learning the first day, instead of just
introducing some random term that they had no prior knowledge of and would have
just dismissed had | told them this term at the beginning of the first lesson.

C. Assessment Rubric

| can do this, but| | I'm almeost there | did it! | went above and
need more beyond
practice
Application of With assistance, | With very litthe ¥With no assistance, | | | can successiully
Concapis can successfully use assistance, | can can successfully use | use fact families to

fact families to sohe
addition and
subtraction

successfully use fact
families to solwe
addifion and

fact families to sohe
addition and

help me sohe
problems that are
missing numbers
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problems. subtraction subtraction families. [i.e. using a fact

problems. family to find the

answer to 3-_=3)

Explanation of | can explain how to | can start an | can clearly and | can clearly and
Concapis use fact families to | explanation ofusing | completely explain | completely explain

solve addition and
subtracton
prablerns when

fact families tosahre
addition and
subtraction

that a fact family is a
set of 3 numbers
that are used to

that a fact family is a
set of 3 numbers
that are used to

SOMEeQns prompis problems but need | make 4 mathematics | make 4 mathematics
me to begin and someoneelze's help facts. facts AND thatthess
helgs me finish my o completely 4 facts are 2
thaoughts. articulate my addition facts and 2
thoughts. subtraction facis.
Representation of | can use fact I can use fact | can accuratehy | can accurately

Concepts families to solve families to solve represent how to represent how to
addition and addition and solve addition and salve addition and
subtraction subtraction subtraction subtraction

preblems using my | problems, but Ineed | problemsusingfact | problems usingfact
awailable help choosing an families using one families using two
manipulatives when appropriate manipulative. o more
someone helpsme. | manipulative to help manipulatives.
me sohve the Base 10 blocks
problem. Snap Cubes Base 10blocks
Snap Cubes
Hand-dramn
piciures Hand-drawn
pictures
Counters
Counters
Mathematical | can solve and | can solve and | can salve and | can sohwe and
Processes represent problems | represent problems represent most reprasent all
using fact familiez using fact families | problems using fact | problems using fact
when someane but often make families with only a familias without any
helps me. misiakes unless fews occasional ESITOrS.

someons helps me.

ermrors.

. Mathematical Practice Standards

1.ME A Make sense of problems and persevere solving them.

Students should begin fo recognize that doing math means solving warious equations
and problems and talking about how they solved a problem. Students should be willing to try

different approaches to solving a problem if their initial approach resulted in an incomrect
answer or didn't make sense fo the student.

.LMP.5. Use appropriste tools strategically.

[]
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Students should begin to use the manipulativesitools available to them to help solve the
problem that they are working on. Students should also begin to determine what manipulatives
are appropriate to use with the problem they are working on.

1. MP.7. Look forand make use ofstructurs.

Students should begin to recognize different patterns and structures in math problems,
meaning that if students see a fact family, they should recognize the pattern that fact families
usually contain 2 addition problems and 2 subfraction problems.

Refarences
1. Standards for Mathematical Practice: Grade 1 Explanations and Examples. {n.d.}.
Reftrieved from

hitps:{fopi.mt.gov/LinkClick. aspx Pfileticket=fIEQiJHneH4=&portalid=182.
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COE Les=on Plan

Lesson Teacher: Date: 26 Movember 2018
Lesson Grade Level: 1st Timeframe: 10:00-10:30
OContent Area: Math Grouping Strategy: Whole Group

Preparing for Lesson Development
1. What does your pre-assessment observation indicate about your student’s needs and current
performance and educational needs? Students have prior knowledge of adding and subtracting
within 20. This will be the student’s first intreduction to the concept of fact families. Students
seem to be doing well with adding within 20, but there are several students who have been
struggling with subfraction. One issue | foresee is that students may write the fact families

incomectly. mixing up where the numbers go (i.e. 3-12=8). Therefore, | willneed to make sure

that | tell students that the largest number of the fact family needs to be on the righthand side

of the equal sign.

2. How will you design the lesson to meet the needs of all leamers in your classroom? Various

manipulatives will be provided for student to help them visually se bow fact famiiigs are
represented. | anticipate most students will need to use these as this 15 the first time wewill be
working with fact families. For students who immediately grasp the concept, | will challenge

students fn_solve problems that are missing numbers (e 9-_ =4 or +12=15)

Lesson Plan Development

Lesson Title: Fact Families

Common Core andlor State Standard: Add and subtract within 20 demonstrating fluency for addition
and subtraction within 10. Use strategies such as counting on, makingten{e.g.. 3+8=3+2+4=10+4
=14}, decomposing a number leadingto atenje.g., 13 4=13-3-1=10-1 = 8), using the
relationship betweesn addition and subtraction (e.g., knowing that3+4=12, one knows 12-3 =4) and
creating equivalent but easier or known sums {e.g., adding 9+ 7 by creating the known equivelent8+8
+1=12+1=13) (1.048)

Practice Standard: 1.MP.1. Make sense of problems and persevere solving thes
Practice Standard: 1.MP.E= Use sppropriate tools strategically.
Practice Standard: 1.MP.7. Look for and make use of structure.

Assessment of Learning: Students will be given an
exit ticket that have half a fact family. Students will
be asked fo add the missing half of the problems.

Lesson Objective: Students will identify the
missing equations of a fact famiky.

o . . Assessment of Learning: Teacher cbservation during
Lesson Objective: Students will explain how i . ]
_ L lesson. | will be looking for an answer such as 'l
many subtraction and addition problems fact . . i
O . notice that fact families uswally have 2 subfraction
families usually contain.

and 2 addition problems. '




317

Based onthelesson objectives, selectan appropriate teaching model: 5 E's

‘pdiap Education Eor All {IEFA) No Yes. If yes, please describe

) Lesson ProceduresiActivitias

CAId e CRRMUNE . PO UNGD DUUT RN e SR, W WE d
For this portion of the lesson, | will write a fact family on the
board (suchas 3+8=11, 5+3=11, 11-8=3,and 11-3=8). | will
then ask students to think about the problems for a few
minutes | 1-2}. After the students think about the problems
individually, students will be asked to fumn to their elbow
partners and discuss with them for anather 1-2 minutes what
they think the problems on the board have in comman.

Eaplaip; After students are given the opportunity fo discuss the
relationship betwesn the facts on the board, | will call students’
attention back to me and steer students toward a group
discussion about what they think the problems on the board
hawe in commaon. If | notice that students are struggling to
come up with ideas about what the problems on the board
have in common, | will ask students what they noticed and
wondered about them. Ifthis doesn't prompt any further
anzwers, | will ask students what assumiptions we could miake
about the problems.

Elaborate: After we discuss the problems that are on the
whiteboard, | will write half a s=t of problems on the board. |
will ask students to complete to think sbout the missing 2
problems and what they could be. Iwill ask students to give me
3 thumbs up against their chests when they have an ggawer. If
| nofice that students are sfruggling to come up with the
missing problems, | will ask them the question "Where have
you seen something like this before? When all students have
an answer, | will ask one stedent to come up to the board and
write one of the missing problems and a second student to
come up fo the board and write the second missing problem.
After the missing problems are written on the board, | will ask
students if they all agree with the answers that were given.
Why or why not? If someone says one of the answers is
incormect, | will ask the stedent what his/her answer would be
and what methed they used to come wp with that answer. This
will help me hear any discrepancies that students may have
about the problems and help me correct them before we move
inte working with more fact families in the next lesson. After
the fact family on the board is complete, | will ask students

what they nofice ghout tha fact family_: | gm looking {Grag

Materials
Whiteboard
Sample Problems

Whiteboard
Sample Problems

Whiteboard
Expo Marker

Classroom

SHILRIETIS SIMuia

initially be seat=d at
their desks, thinking
about the problems on
the board. Students
may then talk quisthy
to their elbow
partners about what
the problems on the
board hawve in
common. The teacher
will circulate amongst
students to make sure
they are not digressing
into conversations
about unrelated
topics.

Students should be
saated at their desks,
raising their hands to
answer questions
asked by the teacher
and waiting wntil they

are called on to share
t bair ideas.

Students will be asked
to sit &t their desks
whilz thinking about
what the answers to
the missing portions of
the fact family on the
board might be.
Students should give
the teacher a thumbs
up against their chests
when they have an |
answier and when all
students are ready to
share an answer,
students should raise
their hands Ethay
wish to come write the
answers of the board.
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answer such as "1 notice that the fact families allhave 2
addition and 2 subtraction problems.’

Evaluate: Using an exit ticket during the last § or so minutes of
the lesson, students will be asked to fill in the missing portions
of a fact family on an exit ticket so that the teacher can get an
idea of whether or not students did or did not meetthe
objective of the lesson. Students will also be asked o rate
themselves on how they are fe=ling about problem sets: red.
meaning they don't get it at all. yellow meaning they sort of get
the concept, and green meaning they are comfortable with the
concept and think they are ready to move. | would expect a
rixture of yellow and red ratings.

Exit Tickst
Pancil
Odfices (if needed}

Students will b= asked
o complede their exit
ticket in silence. If
necessary, students
will b= given offices to
ensure that the data
from the assessment is
accurate,

Evidence of Lesson EffectivenessiStudent Learning: nfa

Reflection and Recommendations for Next Time: n'a

Attachments, if reguired.

Exit Ticket

Flease complete the missing portions of the fact family below.

4+8=12

12-4=5

How do you feel about the concept of fact families?

RED: | don't get this
at all this

YELLCWE | sort of get

GREEM: | understand the
concept and am ready to

meoe on
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COE Lesson Plan

Lesson Teacher: Lesson Grade Date: 28 Mov. 2018

Level: 1st Content Area: Math Timeframe: 10:00-10-30

Grouping Strategy: Whaole Group

Freparing for Lesson Development
1. What does your pre-assessment observation indicate about your student’s needs and current
performance and educational needs? Students have prior knowledge of adding and subtracting
within 20. Students seem to be doing well with adding within 20, but there are several students
who have been struggling with subtraction. Inthe previous lesson, students were infroduced to
the idea of fact families and most students rated themselves as red or yellow on their exit
tickets.

2. How will you design the lesson to meet the needs of all learners in your classroom? Various
manipulatives will be provided for students to help them visually see how fact families are
represented. | anticipate most students willneed to use these as this is the first time we will ke
working with fact families. For students who immediately grasp the concept, | will challenge
students to solve problems that are missing numbers (ke. 9 =4or__ +12=18)

Lesson Plan Development

Lesson Title: Fact Families

Common Core andfor State Standard: Add and subtract within 20 demonstrating fluency for addition
and subtraction within 10. Use strategies such as counting on, making ten (e.g., 8+6=8+2+4=10+4
= 14}, decomposing a number leading to a ten (e.g., 13-4=13-3-1=10-1=48), using the
relationship between addition and subtraction {e.g., knowing that 3 + 4 = 12, one knows 12 - 8 = 4) and
creating equivalent but easier or known sums (e.g., adding G + 7 by creating the known equivalent § + &
+1=12+1=13). (1.048)

Practice Standard: 1.MP.1. Make sense of problems and persevere solving them
Practice Standard: 1. MP.5. Use appropriate tools strategicsally.
Practice Standard: 1.MP.7. Look for and make use of structure.

Lesson Objective: Students will use

Assessment of Learning: Teacher observation during
manipulatives to model 2 fact families of their

lesson
choosing.
Assessment of Learning: Students will be given an
exit ticket at the end of the lesson to respond to the
Lesson Objective: Students will explain what a guestion: what is a fact family? An acceptable
fact family is. answer would be something likke “afact family is a

fEI M ||3|' 58 group of 2 numbers that are used in
related equations.'
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Based on the lesson objectives, select an appropriate teaching model: 5 E's

Indian Education Eor All {IEFA) No Yes. If yes, please describe

Lesson ProceduresiActivities

Engage: For this portion of the lesson, we will do a brief review
from yesterday’s lesson with the intention of inwoking prior
knowledge. |willwnte |f3 problem set on the board and ask
students to complete it | will give students a couple of
moments to ponder the answer to {hequestion and then ask
students jp_shars their answers. \

Materials

Whiteboard
Expo Marker

Explore: Students will be given some manipulatives {] think
base 10 blocks or snap cubes would be best for this actiity)
and will then be given 3-4 minutes to play with them and
become familiar with the manipulatives. While students are
becoming familiar with their manipulatives, | will write a coupls
of prablems on the board. Attention will be called back to the
board and students will then be asked to think of 3 way to
maodel the equations on the board with their manipulatives.
Students will b2 given a couple of minutes to do this

individually and then may turn to their elbow partners and have
& quite conversation about how they chose to model the
equations.

Manipulatives (Base

10blacks, snap cubes,

et
YWhite board
Expo Marker

Explain: After giving students the oppertunity to discuss how
they modeled their problems with the manipulatives, | will have
students came up to the projector and have them show us how
they chose to model their problems. After allowing abouwt 5
minutes for this activity, | will st=er students into a discussion
about the different ways that were shown and if there is ons
way they think would work best. After we have discussed the
different ways that students have discovered, | will write the
phrase “fact family’ on the board. | will ask students to think
ahout this term for & bref moment. | anticipate students will
not know what the term fact family means, so | will ask them
questions such as What do you already know that might be
helpful here?' and “What assumptions rmight we make? After
allowing students a few minutes fo—think sbout these phrases

Projection device

Classroom
Managemepf Nead
Students should be
seated at their desks
thinking about the
problem on the board
in front of them.
Students should signal
to the teacher that
they are ready to
share an answer by
putting a thumbs up
apainst their chest
¥ihen everyone is
ready to share an
answer, the teacher
will call on 2 students
to tell the teacher the
missing eguation {1
N e
Students should be
seated at their desks
becorning familiar with
their manipulatives.
Oince attention is
called back to the
board and instructions
are given, students
should wodk quietly
for a fiew minutes to
try and model a fact
family by themselves,
and then they may talk
to their elbow
partners using inside
VOIZES,

Students should b=
seated at their desks,
unless they are
explaining how they
used their
manipulatives to
miodel a fact family. If
they are modeling a
fact family, they may
come show it on the
projector. After the
class discussion,
students should be
thinking about the
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individually, | will allow students to tum and talk to their elbow
pariners briefly. | will call attention back to me and ask
students what they think a fact family might be. 'm hoping to
hear ideas from students sirpilac ia A fact family is a set of
numbers that helps us with addition and subtraction facts.’ |
imagine getting to this point will take some prompfing. so | will
ask students questions such as What is the same and what is
different™ or 'This is just a special case of what?

phrases on the board,
raising their hands if
they hawe questions.

Elaborate: After having our group dizgussion in the previoys Manipulatives
section, | will write 2 fact families onthe board. | willthen ask  WWhite board
Expo Marker

students to madel the fact family using their manipulatives.
After giving students about 5 minutes to complete this task, |
will call attention back to me and ask students what they hawve
noticed while they were creating their model of the fact family.
If students are struggling to find something similar betwesn the
2 models, I will ask them guestons such as Where have you
seen something like this before?’ and “What is the same and
what is different between these 27 After giving students
about 5 minutes to complete this activity, | will call attention
back to the board and ask students to share how they modeled
one of the fact families. | will have a second student tell me

o el

i
]
how the modeled the second fact family. | will then stesr - T ‘h!-‘

students toward a group discussion about what they noficed
while modeling their fact families. 'm hoping to hear answers
such as Fact families hawe 2 addition and 2 subfraction
problems.’, as this will help steer my next gquestions for
students, which will include guestions such as Do fact families
alwiays have 2 addition and 2 subtraction problams? Why or
wihy not? To help prompt answers to this guestion, | will write
2-3 more fact families on the board and have students model
them with their manipulatives to see what they come up with.

Students should be
warking
indepsndently on their
model of the fact
families. Once we
come back to our
group discussion,
students should raise
their hands to share
their ideas and wait
until they are called on
to share them with the
class.

Evaluate: In the last 5 minutes of the lesson, stedents will be Exit Ticket

given an exit ticket and asked to_daefing in their own words what  Penecil

a fact family is. | would expect an answer such as A fact family ~ Offices (if needed)
is @ group of numbers that helps us figure out addition and

subtraction facts” or something similar from afirst grader.

Evidence of Lesson Effectiveness! Student Learning: n'a
Reflection and Recommendations for Mext Time: n'a

Attachments, if required.

Students will be asked
to complete their exit
ticket in silence. If
necessary, students
will ke given offices o
ensure that the data
from theassessmentis
acourate.
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Mame

Exit Ticket

Using your own words, tell me what a fact family is.
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COE Lesson Plan
Lesson Teacher: Lesson Grade Date: 28 Mov. 2018
Level: 1st Content Area: Math Timeframe: 10:00-10-30

Grouping Strategy: Whole Group

Preparing for Lesson Development
l.  What does your pre-assessment observation indicate about your student’s needs and current
performance and educational needs? Students have spent the last 2 days working with fact
families. Students appear to have grown faify. comindeble with the idea of fact families.

Students also have prior knowledge of adding and subtracting within 20.

2. How will you design the lesson to mest the nesds of all leamers in your classroom? Varous
manipulatives will be provided for students to help them visually see how fact families are
represented. | anticipate most students will need to use these as this is the first time we will ba
working with fact families. For students who immediately grasp the concept, | will challenge
students tosolve problems that are missing numbers (e 8- =4or__ +12=15)

Lesson Plan Development

Lesson Title: Fact Families

Common Core andlor State Standard: Add and subtract within 20 demonstrating fluency for addition
and subtraction within 10. Use strategies such as counting on, making ten (e.g., 8+8=8+2+4=10+4
= 14), decompesing a number leading to a ten (e.g.. 13-4 =13-3-1 =10-1 = 8), using the
relationship between addition and subftraction (e.g., knowing that 8 + 4 =12, one knows 12 - & = 4)and
creating equivalent but easier or known sums (e.g.. adding & + 7 by creating the known equivalent & + &
+1= 12+ 1=13) (LOAE)

Practice Standard: LWE L Make sense of problems and persevere solving them.
Practice Standard: LB, 5, Use appropriate tools strategically.
Practice Standard: 1.MP.7. Look for and make use of structure.

Assessment of Leaming: Students will be given an
Lesson Objective: Students will create their own | exit ticket at the end of the lesson. Students will be
fact family. expected to pick a2 number of 3-20 and write the
complete fact family for it.

Assessment of Learning: Teacher chservation during
Lesson Objective: Students will ba asked to lesson. During our group discussion about how fo
explain how a number can be broken up. break up the number 13, | would expect to hear
answers such as 13 cam be broken in 8+4 or B+5.

Based on the lesson objectives, select an appropriate teaching model: 5 E's

Indizn Education For All (IEFA] Mo Wes. If yes, please describe

Lessan Proctl 1 es/Sctivitias | Iaterials Classroom
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Management Needs

Engage: Forthis porfion of the lesson, | will draw on students’
prior knowledge of fact families by asking them to explain what
afact family is. | will also ask for a student volunteer or two to
help show me how to represent a tact family using the

manipulatives we worked with in the previous lesson.

Manipulatives
Projection Device

Students should be
seated at their desks
thinking about how to
describe a fact family.
Thase who wish to
share an answer need
to raise their hands
and wait until they ar=

called on fo share
their answers.

Explore: | will writz number an the board. Students will be Whiteboard Students should be
asked to think about how this number can be broken up. {2.g. | Expo Marker s=ated at their desks
13, can be broken into 10+3 or 4+3) | will ask students to think thinking about how
about this individually for a few moments and then turn around they can break up the
and talk to their elbow partners about how they broke up the nurnber 13. Onoe
nurmber. Allowing students to talk to their elbows partners is released to talk fo
done with the intention of students helping each other come their eloow partners,
up with warious ways fo break up the number 13, rather than students should be
the teacher telling them. chatting using their
indoor voicas. The
teacher will circulate
around the room a
couple of imes to
make sure that the
students are not
digressing into
conversations about
unrelated topics.
Explain: After students have been given the opporbunity to Whiteboard Students should be
discuss how they broke up the number, | will call attention back] Expo Marker s=ated at their desks,
to the number on the board and ask students fo share how raising their hands to
they broke the number up. As students are sharing their ideas, ask guestions or share
| willl write each idea on the board. If | notice students who are howr they broke up the
struggling. | will prompt them with questions such as How nurnber 13.
could you simplify this problem? or "Where might you hawve
seen something like this before? There are mulfiple ways to
break up the number 13, so for the sake of time, | would stop
students after we had 6-7 different ways of breaking up 13.
Elaborate: After cur group discussion, we will hawve multiple Manipulatires (if Students should ba
ways of breaking up the number 13. Students will be asked to | needad) seated st their desks
pick two of the possible ways and use these to create fact Expo Marker working individualhy
families. if students are struggling, they will b= encouraged to Whiteboard until the teacher tells

use the available manipulatives and | will also prompt them

with questions such as 'What is known and what is unknown?
and What do you already know that might be useful here?’
Students will b= given a few minutes to complete the task
individually and then they may turn to their elbow partners to
discuss the fact family they have chosen to create. This will
hopefully allow the students who have not completed their fact
families to get some ideas from their peers about how they
could possibly complete it. After 5-8 minutes, | will call
att=ntion back to the board and go through and complete the
fact family for each broken up number on the board. Students

them to turn and talk
with their elbow
partners. Once elbow
partner chats are
allowed to begin,
students should be
using their indoor
woices, One we begin
our group discussion,
students will be asked
o raise their hands to
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will be asked to supply the answers for this portion, as this wil share their

help me hear any discrepancies in the answers or emors in how thoughtsfideas and

thie students are thinking that | can comect. will be asked o wait
to speak until theyara
called on

Evaluate: In the last & minutes of the lesson, students will be Ezit ticket Siudents will be asked

given an exit ticket to respond to the following prompt: Please Pencil to complete their exat

pick a pumber batwsan 2 and 20 and create a fact family for it Offices (ifnecassary) tickat in silence. JE

I would expect an answier such as 15. 8+7=15, T+8=15, 15-8=T, necessary, students

15-T=8 Lwill b= given offices to
ensure that the data
from the assessment is
acourats

Evidence of Lesson Effectivenessi/Student Learning: n'a

Reflection and Recommendations for Next Time: n'a

Attachments, if required.

/ Exit Ticket

Please pick a number between 3 and 20. Using the number you
picked, create a fact family for it
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Unit Plan (4")

First Draft

Unit Lesson Plans

Teacher: Lesson Date:
Grade Level: 4th grade Timeframe: (Length of lesson)
Content Area: Math Grouping Strategy: Small groupfwhaole class

Preparing for Lesson Development
What do you know about your students' current performance and educational needs?

| know that my classroom is comprised of students at various levels of academic performance.

All of them have been able to demonstrate proficiency at factoring numbers between 1-50, with
the highest students able to comfortably factor numbers to 100. This is in completion of the first
portion of standard 4.04 4 which pertains to factoring whole numbers.

How will you differentiate the leggon to meet the needs of all learners in your clagsroom?

In order to differentiate the lesson higher learners will have the opportunity to work with larger
numbers beyond the general class assignment. This will allow them to apply the foundation of
the concept in @ more challenging way. For lower floor learners the activity will have multiple
points of peer interaction and instructor explanation and support.

Les=zon Plan Development

Leg=on Title: Prime and Composite Numbers: Introduction’ 1-10

Common Core and'or State Standard(s):

4,04 .4; Find all factor pairs for a whole number in the range 1-100. Recognize that a
whole number is a multiple of each of its factors. Determine whether a given whele number
in the range 1-1000 is a multiple of a given cne-digit number. Determine whether a given
whiole number in the range 1-100 iz prime or composite.

Lesson Objective: Aszsessment of Learning:

Students will be able to identify numbers Students will demonstrate this by

between 1-10 that are prime or composite. completing the atfached Identification page
and submitting it, with Elue Pen Correclicns,
if need be, as an exit ticket.
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Lezson Objective: Asszessment of Learning:
Students will be able to define the This will e assessed through informal
mathematical terms prime and composite. assessment.

Relevant Vocabulary:
Prime, Composite, Factors

Teaching Model:

Indian Education for All {IEFA)_X_ MNo___ Yes. If yes, describe how the lesson
addreszes one or more of the Ezzential Understandings Regarding Montana Indians:

Legzon Procedures/Activities:

EMGAGE: To begin the lesson students will be asked to make even groups out of the
numbers 3, 4, 3, and & using counter beans. This will be done individually, but students will
be able to consult their pod-mates. (This will go on for 5 minutes_)

As a whole group stedents will be posed with the question: "Was it possible fo complete the
task?” Followed by the guestion: “Why or why not?

Students will then be asked to factor each number out; this will be dene in their pods. When
each pod has completed their factoring each pod will share their factoring of a specific
number. The teacher will write out the factors for each number as identified by each pod.
This will result with each number being factored on the board. H will look similar to this:
31,3

4:1,2 4

51,5

61,2 36

EXPLAIN: The students will be asked to discuss in their pods what they notice about these
four numbers when they see them factored out. These goticings will then be shared and
discussed in class. Students will have the opportunity to share their cbservations
conceming these numbers and why only a couple of them could be equally divided as well
as any similarities they notice between those that could be divided equally and those that
could net be divided.
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ELABORATE: The teacher will infroduce the terms Prime number and Compesite number
to the class. The teacher will ask the students to think, then attempt to define what each
means. Students will then share their ideas as to what the terms my mean in light of the
leszong earlier tasks. Students will then be provided the following definitions:

Prime number: A number, that is greater than oneg, who's only positive factors are one and
itself.

Composite number: & number that can be factored into smaller numbers, that are not the
numkber cne.

EXPLORE: Students, in their pods, will then be asked to classify if 3, 4, 5, and & are prime
or composite. During this time the teacher will roam among the pods asking probing
questions to individual students, such as, “how did your pod decide that 3 is a prime
number? Pods will then share their classifications with the class and describe how they
came to their classifications.

Then students will receive the ldentification page activity and complete the first number as
a class. Then students will complete the |denfification page activity on their own. This
activity will see students identify whether a number, between 1-10, is prime or composite
as well as write the number's factors.

In order to provide a high ceiling a second page (page B) will be available for students that
are displaying early mastery/understanding of the concept. As students are working on the
|dentification page, the teacher will roam the classroom asking students to defend/explain
their answers.

EVALUATE: When all students have completed page A of the Identification page activity
students will put their pencils away and retrieve their blue pen. Students will then date,
using their pen, their paper. The class will then go through the ldentification paper together
with students marking corrections on their papers using their pen. Students will be asked to
share their classifications as well as defend their thinking using a given number's factors as
proof to their conclusion. To end the lesson students will submit their Identification page as
an exit ticket.
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Leszon Materials:

Pencils, Identification page(s), scratch paper, counter beans

Classroom Management Needs:

Students will need to have a whisper during their pod discussions. Students will need to be
at a zero voice, unless called upon, during the whole group discussions, the Identification
page work fime, and the Blue Pen Comection fime.
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MName: A

Directions: ldentify whether the given number is Prime or Composite. Write the factors of
each given number.

Mumber Prime Compaosite Factors

10

Mame: B

Directions: ldentify whether the given number is Prime or Composite. Write the factors of
each given number.

Mumber Prime Compaosite Factors

11

12

27

29
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Unit Lesson Plans

Teacher: Lezszon Date:
Grade Level: 4th grade Timeframe: (Length of leszon)
Content Area: Math Grouping Strategy: Small group

Preparing for Lesson Development
What do you know about your students' current performance and educational needs?

| know that my classroom is comprised of students at various levels of academic performance.

All of them have been able to demonstrate proficiency at factoring numbers between 1-50, with
the highest students able to comfortably factor numbers to 100. This is in completion of the first
portion of standard 4.04 4 which pertains to factoring whele numbers.

How will you differentiate the lezzon to meet the needs of all learners in your clazsroom?

In arder to differentiate the lesson higher learners will have the opportunity fo work with larger
numbers throughout the stations This will allow them to apply the foundation of the concept in a
mare challenging way. For lower floor learners there will be numbers available to meet them
where they are and to challenge them as needed. There will also be plenty of time for them to
ask questions of their peers and the feacher throughout staticns.

Lesz=zon Plan Developmeant

Lez=son Title: Prime and Composite Numbers: Stations/ 1-50

Common Core and/or State Standard(s):

4.04 4: Find all factor pairs for a whole number in the range 1-100. Recognize that a
whole number is a multiple of each of its factors. Determine whether a given whaole number
in the range 1-1000 is a multiple of a given cne-digit number. Determine whether a given
whole number in the range 1-100 is prime or composite.

Lesson Objective: Asgsessment of Learning:

Students will be able to identify and classify | Students will demonstrate this by

numbers between 1-50 that are prime or completing the Prime and Composite page

composite. at station 1 and the classification addition
activity at station 3.
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Legson Objective: Aszsessment of Learning:

Students will be able to explain their This will be expressed in their completion of
reasoning for classifying numbers aseither the Number Journal activity at station 2 and
prime or composite. the Define and Factor activity at station 4.

Relevant Vocabulary:
Prime, Composite, Factors

Teaching Model:

Indian Education for All (IEFA)_X_ No___ Yes. If yes, describe how the lesson
addrezzes one or more of the Eg=zential Understandings Regarding Montana Indians:

Legson Procedures/Activities:

EMGAGE: To begin the lesson each pod will be tasked with determining whethar.ornot a
number is prime or composite; and be able to describe why they came to that conclusion
using that numbers factors. These numbers will be: 13, 21, 37, and 49.

As a whole group, pods will share their answers to the above task.

ELABORATE: The teacher will then ask the students, what is a prime number? What is a
composite number? After several students have answered and the class is on the right
track the teacher will review the definificns given the day prior.

Prime number: & number, that is greater than one, who's only positive factors are one and
itself.

Composgite number: & number that can be factored into smaller numbers, that are not the
number cne.

EXPLORE: The teacher will then explain to the class that they will be completing several
stations for today's lesson, all of which dealing with Prime and Composite numbers. The
students will complete the stations with their pod-mates. Each station will be 9 minutes long
with a 2 einute clean-up and transition time between stations. The teacher will then explain
the stations to the class.
= Station 1: Pime and Composite Page - at this station, students will cut and paste
numbers into one of two categories Prime or Composite. This will work on their
recognition and classification of prime and composite numbers.
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= Station 2: Number Journal Activity - at this station, students will create a journal for
a number pulled from a jar. In the journal students must address whether ar.oot
their number is prime or composite and why.

= Siation 3: Classification Addition Activity - at this station, students will organize
cards as either prime or compesite based on their sums, (e.g. a card says 1+2=_
zince the sum iz 3 this card will be in the prime group. A card that says 47+2=_
would be in the composgite as the sum is 49.)

= Station 4: Define and Factor Activity - at this station, students will define, in their
own words, what Prime and Compaosite Mumbers are. They will alzo provide 3
examples of each as well as the prime factors of each of their examples
demonstrating their understanding of what prime and composite numbers are.

EXPLAIM: While completing the stations, students will be asked by the teacher to explain
their thinking in their given station activity. The teacher will ask questions such as why did
vou place 13 in the prime category to students in station 1 or why did you choose 49 as
one of your examples, in station 4.

EVALUATE: When all students have completed the staficns they will submit their papers
from stations 1, 2, and 4 as an exit ticket to the lesson.

Legson Materials:

Pencils, Prime and Composite page, Mumber Journal page, addition cards, Define and
Factor page, Prime and Composite Group tifles, number cards

Classroom Management Needs:

Studentz will need to have a whisper during their opening pod dizcussion az well as during
stations. Students will need to be at a zero voice, unless called upon, during the whaole
group discussion and the explanation of the stations.
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Mame: Prime and Composite Page
Prime Composite
3 45 M 19
22 47 32 27
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Mame: Number Journal

My Number.

Dear Journal

What my number looks like (be creative):
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Mame: Define and Factor Page
Define what a Prime Number is: Define what a Composite Number is
List 3 examples, include their factors: List 3 examples, include their factors:
1. 1.
2. 2
3. 3
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Unit Lesson Plans

Teacher: Le=szon Date:
Grade Level: 4th grade Timeframe: (Length of leszon)
Content Area: Math Grouping Strategy: whole class

Preparing for Lesson Development
What do you know about your students' current performance and educational needs?

| know that my classroom is comprised of students at various levels of academic performance.

All of them have been able to demonstrate proficiency at factoring numbers between 1-30, with
the highest students able to comfortably factor numbers to 100. This is in completion of the first
portion of standard 4.04 4 which pertains to factoring whele numbers.

How will you differentiate the lezzon to meet the needs of all learners in your clazsgroom?

In arder to differentiate the lesson lower floor learners will be provided more fime fo answer in
the NMumber Circle activity and will be provided adeguate time during the CLASSIFY activity fo
determine an answer. Higher level learners will be challenged to answer as fast as they can,
attempting to beat their own time, during the Number Circle activity.

Lesson Plan Development

Legzon Title: Prime and Composite Numbers: Review! review activities

Common Core and/or State Standard(s):

4,004 4: Find all factor pairs for a whole number in the range 1-100. Recognize that a
whole number is a multiple of each of itz factors. Determine whether a given whole number
in the range 1-1000 iz a multiple of a given one-digit number. Determine whether a given
whole number in the range 1-100 is prime or composite.

Legzon Objective: Agsezsment of Learning:

Students will be able to identify numbers Students will demenstrate this by calling out
betereen 1-30 as either prime or composite. | either prime or composite when called upon
in the Humber Circle activity.
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Lezson Objective: Assessment of Learning:
Students will demonstrate the ability to This will be evaluated in the CLASSIFY!
classify numbers between 1-50 aseither activity.

prime or composite.

Relevant Vocabulary:
Prime, Composite,

Teaching Model:

Indian Education for All (IEFA) _X_ No___ Yes. If yes, describe how the lesson
addresses one or more of the Essential Understandings Regarding Montana Indians:

Lezzon Procedures/Activities:

ENGAGE: To begin the lesson students will be asked to classify several numbers as either
prime or composite on personal white boards. The numbers will be presented one at a
time, with time allotted for students to write their answers. These numbers will include: 3,
10,27, and 47.

EXPLAIN: The students will be asked to discuss, in their pods, what makes a number
prime and what makes it composite.

ELABORATE: Students will then share their definificns. Students should provide
definitions similar to those below, that were discuszed the prior two lessons:

Prime number: A number, that is greater than one, whao's only positive factors are one and
itzelf.

Compaosite number: A number that can be factored into smaller numbers, that are not the
numkzer one.

EXPLORE: The teacher will then explain to the class that they will be paricipating in two
activities during this class perod.
1. CLASSIFYY, In this activity students will do as they did in the opening aclivity. The
teacher will provide the class with a number and the student will classify it as either
Prime or Composite.
2. Mumber Circle: In this activity the students will stand in a circle and be asked to
identify whether a number iz prime or composite, e.g. the teacher will point to Billy
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and say 7, Billy will need to respond Prime within 3 seconds or will ke ouf of the
circle. The last person standing in the circle wins, but no prizes will be given out.

EVALUATE: To complete the class period each student will be asked to pick a number and
identify if it is Prime or Composite and why. This will be done verbally as students are
dizmissed to line up for specialisis.

Lez=zon Materials:

Personal white boards, expo markers, eraser rags, list of numbers {for each activity)
between 1-30

Classroom Management Meeds:

During the opening activity students will need to be at a whisper. During CLASSIFY1
Students will need to be at whisper to zero voice. For Number Circle students will need to
be at a whisper or zero voice, as well.
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Unit Plan (4")

Final Draft

Prime or Gumpnsite Numbers
Student 13

Unit Standard(s):

4.04.4: Find all factor pairs for a whole number in the range 1-100. Recognize that a whole
number is a multiple of each of its factors. Determine whether a given whole number in the
range 1-1000 is a multiple of a given ene-digit number. Determine whether a given whole
number in the range 1-100 is prime or compasite.

Unit Goal:

During thiz unit my goal is that students will begin to understand the concept of prime and
composite numbers. Essential questions to launch this unit will be what do you notice questions
related to grouping and prime factorization.
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Unit Goal:

During this unit my goal is that students will begin to understand the concept of prime and
composite numbers. Essential questions to launch this unit will be what do you notice questions
related to grouping and prime factorization.

Unit Sequence:

| have sequenced my les=zons to start with laying the foundation of vocabulary and concept
practice. This then builds with a day of stations focused on reviewing the concept and the
concept vocabulary while also building on fo the concept by widening the numbers in which
students are asked to interact with. These build to concept review day in which students are
azked to recall what they have learned during the previous two lessons and use them in fun and
engaging ways. | have chosen to leave out the term Prime Factorization as well as word
problems as these would be a part of a day four and five, if not farther, in the unit. If | were to
continue the unit beyond the initial three day four would introduce real-world story problems fo
the students.

Assessment Rubric:

During these lessons | will be looking for students to be able to define what a prime and
compoesite number are, how to determine if a number is prime or composite, and how to
properly classify a number as prime or composite. This will include listening for students to
explain that a number is prime because if's factors are only one and itself or that a number is
composite because it has factors beyond one and itself. Through multiple informal formative
dizcussions/guestions during small groups as well as whole group times | will listen for these
explanations. With the use of several turn-in components, used as exit tickets; | will evaluate
students' understanding of concepts as well.

Mathematical Practice Standards:

During this unit | will address the mathematical practice standards 4 MP.3 Construct Viable
Arguments and Crtique the Reasoning of Others and 4. MP .2 Look for and Express Regularity in
Repeated Reasoning. This (4 MP.3) will be accomplished through informal guestion, such as
"How did you determine that? And Why did you classify 7 as a prime number?” 4. MP.& will be
addressed in a what do you notice sequence on day 1, an ldentification page on day 1, a review
of what prime and composite numbers are on day 2 (including examples to classify), as well as
a Define and Factor Activity station on day 2.
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References:

MT Math Standards:

BrightHub Education: Number Circle and CLASSIFY! {(Imade modifications tothem to better
serve d4th graders.):

TheFrme Glossary- Definitions (Modified for 4th graders):
hitps /iprimes ulm edu/glossaiv/oage php?sorl=Composits

¥ =
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Unit Lesson Plans

Teacher: Lesson Date:
Grade Level: 4th grade Timeframe: (Length of leszon)
Content Area: Math Grouping Strategy: Small groupiwhole class

Preparing for Lesson Developmert
What do you know about your students’ current performance and educational needs?

I know that my clagsroom is comprised of studenis atf various levels of academic performance.
All of them have been able to demonstrate proficiency at factoring numbers between 1-30, with
the highest students able to comfortably factor numbers to 100. This iz in complefion of the first
portion of standard 4.02.4 which pertains to factoring whole numbers.

How will you differentiate the lesson to meet the needs of all learners in your classroom?

In order fo differentiate the lesson higher leamers will have the cpportunity to work with larger
numbers beyond the general class assignment. This will allow them to apply the foundation of
the concept in a mere challenging way. For lower floor learmners the activity will be able to use
manipulatives in order to work on their activity as well as will have muliiple points of peer
interaction and insfructor explanation and support.

Lesson Plan Development

Lesson Title: Prime and Composite Numbers: Introduction/ 1-10

Common Core and/or State Standard(s):

4.04.4; Find all factor pairs for a whole number in the range 1-100. Recognize that a
whole number iz a multiple of each of its factors. Determine whether a given whele number
im the range 1-1000 iz a multiple of a given one-digit number. Determine whether a given
whaole number in the range 1-100 iz prime or composite.

Lesson Objective: Assessment of Learning:
Students will be able to identify numbers Students will demonsirate this by
between 1-10 that are prime or composite. completing the attached Identification page

and submitfing it, with Elwe Pen Corrections,
if need be, as an exitticket.
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Lezson Objective: Aszzessment of Learning:
Students will be able to define the This will be assessed through informal
mathematical terms prime and compoesite. formative assessment.
. b I (1]
tgel. P - €l | on

Relevant Vocabulary:
Prime, Composite, Factors

Teaching Model:
5E's

Indian Education for All (IEFA) _X_ No _ Yes. If yes, describe how the lesson
addreszes one or more of the Ezzential Understandings Regarding Montana Indians:

Legzon Procedures/Activities:

ENGAGE: To begin the lesson students will be asked how many equal groups can be
made out of the numbers 3, 4, 5, and & using Cuisenaire rods; students should find that
they can only break 3 and 5 cne way and 4 and & multiple ways. This will be done
individually, but students will be able to consult their pod-mates. (This will go on for 5
minutes.}

Az a whole group students will be posed with the question: "How many groups were you
able to make? "What groups were they? And Can you show us one of your ways?"
The completed board will look similar fo-

3 4 3 6

Students will then be asked to factor each number out; this will be done in their pods. When
each pod has completed their factoring each pod will share their factoring of a specific
number. The teacher will ask the class to take time and see what they nofice between the
Cuisenaire rod groups and each number's factors; students should notice that the
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Cuizenaire rod groups that they found are each numbers factors. The class will then write
out the factors for each number, in sequential order eliminating any repeated numbers. The
board will look like:

3 4 5 &
1,3 1,2, 4 1,5 1,2,3,6

EXPLAIN: The students will be asked to discuss in their pods what they notice about these
four numbers when they see them factored and grouped out. These poficings will then be:
shared and discussed in class. Students will be expected to identify that 3 and 5 can only
be factored/divided by/fto itself and one; demonstrated by students stating something like,
"there is only one way to divide 3 (and 5)."

ELABORATE: The teacher will introduce the terms Prime number and Composite number
to the class. Students will then be provided the following definitions:

Prime number: A number that can be divided only one way, one and itself.

Composite number: & number that can be divided more than one way. [

EXPLORE: Students, in their pods, will then be asked fo classify if 3, 4, 5, and & are prime

or compaosite. During this fime the teacher will roam among the pods asking probing |
guestions to individual students, such as, "how did youwfyour pod decide that 3 is a prime I
number?" Pods will then share their classifications with the class and describe how they

came to their classifications.

Then students will receive the Identification page activity and complete the first number as
a class. During this class completion time Cuisenaire rods will be used fo find the factor

pairs for the number in e ig determine whether it is a prime or composite number based
upon its factors. Students will lead the teacher to solve and identify factor pairs for the

number. The teacher will, at the students’ direction, create factor pairs (displaying them
using the clazsroom Elmo projector) asking probing questions, such as "Are we sure this is
a pair? How do we know these pairs are equal to our starting number?”

Students will then complete the Identification page acfivity on their own. This activity will
see students identify whether a number, between 1-10, is prime or composite as well as
write the number's factors.

In order to provide a high ceiling a second page (page B) will be available for students that
are displaying early mastery/understanding of the concept. As students are working on the
ldentification page, the teacher will roam the classroom asking students to defend/explain
their answers.
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For those students that are gtruggling. or.need exira support, they will be able to use their
Cuisenaire rods to assist them in visualizing the factor pairs/groups for each number.
These students will also be able to draw out their pairs rather than write them out if need
be.

EVALUATE: When all students have completed page A of the ldentification page activity
students will put their pencils away and retrieve their blue pen. Students will then date,
using their pen, their paper. The class will then go through the Ideniification paper together
with students marking comections on their papers using their pen. Students will be asked to
share their classifications as well as defend their thinking using a given numbers factors as
proof to their conclusion. To end the leszon students will submit their Identification page as
an exit ticket.

Lesson Materials:
Pencils, Identification page(s), scratch paper, Cuisenaire rods

Classroom Management Needs:

Students will need to have a whisper during their ped discussions. Students will need to be
at a zero voice, unless called upon, during the whaole group discussions, the ldentification
page work time, and the Blue Pen Correction time.
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Name: ___ A

Directions: ldentify whether the given number is Prime or Composite. Write the factors of
each given number.

Number Prime Compaosite Factors

10

Mame: __ B

Direction=: Identify whether the given number iz Prime or Composite. Write the factors of
each given number.

MNumber Prime Composite Factors

11

1z

27
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Unit Lesson Plans

Teacher: Lesson Date:
Grade Level: 4th grade Timeframe: {Length of lesson)
Content Area: Math Grouping Strategy: Small group

Preparing for Les=son Developmertt
What do you know about your students’ current performance and educational needs?

I know that my classroom iz comprized of students at various levels of academic performance.
All of them have been able to demonstrate_ proficiency at factoring numbers between 1-30, with
the highest studentis able to comfortably factor numbers to 100. This is in completion of the first
portion of standard 4.04 4 which pertains to factoring whole numbers.

How will you differentiate the lesson to meet the needs of all learners in your classroom?

In order to differentiate the lesson higher leamers will have the opportunity to work with larger
numbers throughout the stations This will allow them to apply the foundation of the concept in a
more challenging way. For lower floor learmers there will be guizgnaire rods, grid paper, and
scratch paper available for students to use at multiple stations. Further, numbers will be
available to meet them where they are and fo challenge them as needed. Additionally, there will
alzo be plenty of fime for them to ask guestions of their peers and the teacher throughout
stations.

Lasson Plan Development

Lesson Title: Prime and Composite Numbers: Stations/ 1-50

Common Core and/or State Standard(s):

404 4: Find all factor pairs for a whole number in the range 1-100. Recognize that a
whaole number is a multiple of each of its factors. Determine whether a given whole number
in the range 1-1000 is a multiple of a given one-digit number. Determine whether a given

whole number in the range 1-100 is prime orcomposite.

Lesson Objective: Assessment of Learming:

Students will be able fo identify and classify | Students will demonstrate this by

numbers between 1-30 that are prime or completing the Prime and Composite page

composite. at station 1 and the classification addition
activity at station 3.
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Lesszon Objective: Aszszessment of Leaming;
Students will be able to explain their This will be expressed in their completion of
reasoning for classifying numbers as either the Mumber Journal activity at station 2 and
prime or composite. the Define and Factor activity at station 4.

LY
Relevant Vocabulary: ﬂ,?:
Prime, Composite, Factors ""r.fr

" T

Teaching Model:
5Es

Indian Education for All (IEFA) _x_ Mo _ Yes. If yes, describe how the lesson
addresges one or more of the Essential Understandings Regarding Montana Indians:

Lesson Procedures/Activities:

ELABORATE: The teacher will begin the lesson by asking the students, what iz a prime
number? What is a composite number? After several students have answered and the
class is on the right track the teacher will review the definitions given the day prior. The
teacher will listen for answers such as, "Prime numbers only have 1 and itself. Composite
has more than that.”

Prime number: & number that can be divided only one way, one and itself
Composgite number: A number that can be divided more than one way.

ENGAGE: To begin the lesson each pod will be tasked with factoring out and determining
whether aroot a number is prime or composite. Students will use Cuisenaire rods to
determine the numbers’ factor pairs, and will then mark the factor pairs on grid paper as
well as writing the numbers factors below the factor pairs on their grid paper. These
numbers will be: 13, 21, 37, and 49.

As a whaole group, pods will share their answers to the above task. This will be done by pod
representatives sharing their grid paper representafions on the Elmo projector. Using each
pod.s representations the class will discuss whether or not the given number is prime or
composite based on its factor pairs and factors. The teacher will ask probing questions
such as, "Why did youfyour group decide this number was prime or composite? How does
its factorsifactor pairs inform this conclusion? Did any groups get a different answer, how?"
The teacher will listen, and lock at representations, for answers such as, " We decided it

was prime because the only numbers that we oﬂuldc?o imto if_are one and itself. We think
if's prime because it can only be divided by itself and one."
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EXPLORE: The teacher will then explain to the class that they will be completing several
stations for foday's lesson, all of which dealing with Prime and Composite numbers. The
students will complete the stafions with their pod-mates. Each station will be 9 minutes long
with a 1 minule clean-up and fransition fime between stations. The teacher will then explain
the stations to the class.

+  Station 1: Prime and Composite Page - at this station, students will cut and paste

numbers into one of fwo categories Prime or Composite. Thig will work ontheir
recogmition and classimcation of pnme and composite numers. | here will be

Cuisenaire rods available at this station for students fo use ifneed be. - -
+  Station 2: Number Journal Activity - at this station, students will create a journal for
2 number pulled from a jar. In the journal students must address whether aroat
their number is prime or composite and why.
+  Station 3: Classification Addition Activity - at this station, students will crganize
cards as either prime or composite based on their sums, (e.g. a card says 1+2=_
gince the sum is 3 this card will be in the prime group. A card thatsays 47+2=_ - |
would be in the composite as the sum is 49.) Cuigenaire rods, grid paper, and
scraich paper will be available at this station for students o use.
+  Station 4: Define and Factor Activity - at this station, students will define, in their
own words, what Prime and Compaosite Mumbers are. They will also provide 3
examples of each as well as the prime factors of each of their examples
demeonsirating their understanding of what prime and composite numbers are.
Cuizenaire rods, grid paper, and scratch paper will be available at this station for
students to ufilize.

EXPLAIN: While completing the stations, students will be asked by the teacher to explain
their thinking in their given station activity. The teacher will ask questions such as why did
you place 13 in the prime category to students in station 1 or why did you choose 49 as
one of your examples, in station 4.

EVALUATE: When all students have completed the stations they will submit their papers, - ¢
ana any SCraicn & gna Daper used, Tom S130ons 1, 2, and 4 as an exin ucke! w e 18550Mn.

Lesson Materials:

Pencils, Prime and Composite page, Number Journal page, addition cards, Define and
Factor page, Prime and Composite Group fitles, number cards, Cuizenaire rods, scratch
paper, and grid paper

Claszroom Management Needs:

Students will need to have a whisper during their opening pod discussion as well as during
stations. Students will need to be at a zero voice, unlezs called upon, during the whole
group discussion and the explanation of the stations.
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Marme: Prime and Composite Page
Prime Composite
3 45 31 135
22 47 32 27
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Number Journal

!I‘-.-'Iy Mumber:

Dear Journal

What my number looks like (be creative).
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Hame: Define and Factor Page
Define what a Prime Number is: Define what a Composite Number is
List 3 examples, include their factors: List 3 examples, include their factors:
L 1.
2 2.
3. 3
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Unit Lesson Plans

Teacher: Lesson Date:
Grade Level: 4th grade Timeframe: (Length of lesson)
Content Area: Math Grouping Strategy: whole class

Preparing for Lesson Davelopment
What do you know about your students’ current performance and educational needs?

I know that my classroom iz comprized of sfudents at various levels of academic performance.
All of them have been able to demonstrate proficiency at factoring numbers between 1-30, with

the highest students able to comfortably factor numbers to 100, This is in completion of the first
portion of standard 4.0A.4 which pertains to factoring whole numbers.

How will you differentiate the lesson to meet the needs of all learners in your clagsroom?

In order to differentiate the lesson lower floor leamers will be provided more fime fo answer in
the Number Circle activity and will be provided adequate time during the CLASSIFY activity to
determine an answer. Higher level leamers will be challenged fo answer as fast as they can,
attempting to beat their own time, during the Number Circle activity.

Leszon Plan Development

Lesson Title: Prime and Composgite Numbers: Review! review activities

Common Core and/or State Standard(s):

4.04.4: Find all factor pairs for a whole number in the range 1-100. Recognize that a
whole number is a multiple of each of its factors. Determine whether a given whole number
in the range 1-1000 is a multiple of a given one-digit number. Determine whether a given
whole number in the range 1-10{ is prime or composite.

Lesson Objective: Agszessment of Learning:

Students will be able to identify numbers Students will demonstrate this by calling out

between 1-30 as either prime or composite. | either pime or composite when called upon
1 in the Mumber Circle activity.

Lesson Objective: Asszessment of Leamning:
Students will demonstrate the ability to This will be evaluated in the CLASSIFY]
classify numbers between 1-30 as either activity.

prime or composite.
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Relevant Vocabulary:
Prime, Compaosite,

Teaching Model:
SE's

Indian Education for All (IEFA) _X_ No _ Yes. If yes, describe how the lesson
addresses one or more of the Ezsential Understandings Regarding Montana Indians:

Leszon Procedures/Activities:

EMGAGE: To begin the lesson students will be asked to classify several numbers as either
prime or composite on personal white beards. The numbers will be presented one at a
time, with time allotted for students to write their answers. These numbers will include: 3,
10, 27, and 47|

EXPLAIN: The students will be asked to discuss, in their pods, what makes a number
prime and what makes it composite.

ELABORATE: Students will then share their definitions. Students should provide
definitions similar to those below, that were discussed the prior two lessons:

Prime number: & number, that iz greater than one, who's only positive factors are one and
itself.

Composite number: & number that can be factored into smaller numbers, that are not the
number one.

EXPLORE: The teacher will then explain to the class that they will be paricipating in two

activities during this class period.

1. CLASSIFYL In this activity students will do as they did in the opening activity. The
teacher will provide the class with a number and the student will classify it as either
Prime or Composite.

2. Number Circle: In this activity the students will stand in a circle and be asked fo
identify whether a number is prime or composite, e.g. the teacher will point to Billy

=" and zay 7, Billy will need fo respond Prime within 5 seconds or will be out of the

circle. The last person standing in the circle wins, but no prizes will be given out.

i

EVALUATE: To complete the class period each student will be asked to pick a number and
identify if it is Prime or Compaosite and why. This will be done verbally as students are
dismiszed to line up for specialists.
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Leszon Materials:
Perzonal white boards, expo markers, eraser rags, list of numbers (for each activity)

between 1-50

Clazssroom Management Needs:
During the opening activity students will need to be at a whisper. During CLASSIFY!
Students will need to be at whisper to zero voice. For Number Circle students will need to

be at a whisper or zero voice, as well.
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