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Abstract

The pupose of this study was to create an educative guidebook for teachers based on the
principles of Cognitively Guided Instructig@Gl), a constructivist approach to teaching
mathematics through contextual word problefrige guidebook is designed to be usesh First
Grademathematicsupplementaturriculum resource with complete, daily lessortse
development of the handbook began by identifying the problem of lack of samglort
professional developmefudr teachergo enact the instructional strategagned with CGI.

CGlis an impactful instructional method as it allows a teacher the opportunity toadirafdhe

Nati onal Counci l of Teachers of AQuallavenat i ¢ s o
Content Analysis of seven of the most widebed elementary mathematics curricultesources
wasconducted using eoding frameworkhat includedL1 key elements of a CGl lessdrme

findings showed a strong lack of thelskfeatures of CGlIn some cases, they were entirely or

nearly entirely absenthis data was used to inform the development of the CGI GuideBook

first draftof five lessonsvas impemented bywo FirstGrade teacher&evisions were made

based on feedbad¢kom the teabers Thefinal guidebook providedrirstgrade teachers Wia

module of CGl lessons that is designed for both student and teacher |learalingg it an
feducative currThelfud Ponactiecaehefrceno Or shestr af
Discus i ons 0 ( S,8018 Wwere&lsoSused o mform the guidebook and all 5 practices

are embedded through each lesson. The guidghmskdes a contextual word problem for each

daily lesson, a rationale for the problem type and numbers in the prohtentjahsfor

selecting and sequencing student strategyesfacilitating a discussion about the student

strategies. The guidebook shows where standards are embedded in the lessons andprovides

every lessondrawnexample student strategies, ratiosdte the selection and sequencing of



strategies as well as discussion guidance that will support the teacher to make connections
between student strategies and to illumimagéghematicatonnections for studentEhe
guidebook fulfills a need for access@ognitively Guided Instruction professional development

through a medium that is not currently available.
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Abstract

The purpose of this study was to create an educative guidebook for teachers based on the
principles of Cognitively Guided Instruction (CGl), a constructivist approach to teaching
mathematics through contextual word problems. The guidebook is designedsidoss a First
Grade mathematics supplemental curriculum resource with complete, daily lessons. The
development of the handbook began by identifying the problem of lack of support and
professional development for teachers to enact the instructionabgstsanligned with CGI.

CGl is an impactful instructional method as it allows a teacher the opportunity to enact all of the
National Council of Teachers of Mathematicso
Content Analysis of seven of the mostiely used elementary mathematics curriculum resources
was conducted using a coding framework that included 11 key elements of a CGl lesson. The
findings showed a strong lack of these 11 features of CGI. In some cases, they were entirely or
nearly entirelyabsent. This data was used to inform the development of the CGI Guidebook. A

first draft of five lessons was implemented by two Fesade teachers. Revisions were made

based on feedback from the teachers. The final guidebook providedraulstteacherwith a

module of CGl lessons that is designed for both student and teacher learning, making it an
Afeducative curriculum for teacherso. The A5 P
Di scussionso (Smith & St e heguideRobklagd)all Spectiees al s o
are embedded through each lesson. The guidebook provides a contextual word problem for each
daily lesson, a rationale for the problem type and numbers in the problem, directions for

selecting and sequencing student straegnd facilitating a discussion about the student

strategies. The guidebook shows where standards are embedded in the lessons and provides, in

every lesson, drawn example student strategies, rationales for the selection and sequencing of



strategies as wWehs discussion guidance that will support the teacher to make connections
between student strategies and to illuminate mathematical connections for students. The
guidebook fulfills a need for access to Cognitively Guided Instruction professional devetopme

through a medium that is not currently available.
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Chapterl-I nt roducti on

The curriculum materials that school districts and individual teachers purchase for use
with students hold significant weight in the classroom. The mathematics curriculum, or planned
sequence of awities that lead to student mastery of the content, is most often delivered via
these materials and teachers, administrators, among other stakeholders, often associate the word
A c ur r iwththesemssources. In my school district whersewgfi ma trhr icauul um, 0 we
generally mean Math Expressions (Fuson, 2018). These curriculum materials guide the learning
of students by taking apart concepts and building them up for students using a planned series of
activities and experiences. These activities an@mapces help students accomplish the many
discrete skills that culminate in ultimately achieving the standards, or not. Additionally, these
materials may determine the amount of time spent on concepts and the models used to help
students comprehend nevataing and make connections to prior learning. They also influence
the extent to which instruction is teacher or student centered. With all of this in mind, the
selection of curriculum materials matters.

The core curriculum products adopted by distriotsall teachers to use play a prominent
role in if and how learning takes place. However, teachers have always supplemented these core
materials with outside resources that they believe will meet particular needs of their students.
This is relevant becausiee implemented curriculum, or what is actually taught and learned in
classrooms, is influenced by this blend of materials that teachers curate and the quality and

intended outcomes of the materials are important.
1.1 Statement of Problem

The National Counti of Teachers of Mat hemal2maths ( NCTN

teachers to meet ambitious teaching goals. To guide teachers in meeting these goals, NCTM



suggests eight effective mathematics teaching practices (NCTM, 2014) that are key to providing
instructon that helps students build a deep understanding of the content and what it means to be
a true problem solver and mathematician, even as kindergarteners. The eight practices are as
follows:

1 Establish mathematics goals to focus learning

1 Implement tasks #t promote reasoning and problem solving

1 Use and connect mathematical representations

1 Facilitate meaningful mathematical discourse

1 Pose purposeful questions

9 Build procedural fluency from conceptual understanding

91 Support productive struggle in learning metratics

9 Elicit and use evidence of student thinking

Thesehigh ever age practices fAprovide a framework
|l earning of mathematicsdo (NCTM, p. 9). The pr
mathematics is an active procelsattinvolves students engaging in experiences that help them
build onto what they already know through interactions with their peers and actively working
with problems rather than watching an adult demonstrate procedures. Unfortunately, these
practices aralso in sharp contrast to many traditional teaching practices and views on how
mathematics teaching and learning should take place.

Currently, teachers are being called on to implement the eight practices in their

classrooms, and, for some, this credtesneed for a major instructional shift in order to meet
these demands. However, there is a lack of resources (e.g., physical resources, professional

development opportunities, and time) to support teachers in this shift as many traditional



curriculum resurces do not provide teachers with the tools and knowledge to put these practices
into action. Without more support and explicit direction, these practices could remain an
aspiration for many teachers. Thus, teachers would be well served by meaningftumigps
for learning that are embedded in their expected daily practice and curriculum materials of which
they are using with their students on a daily basis. In my view, there are two instructional
frameworks in the area of mathematics education theddose as an avenue for carrying out the
8 practices effectivelpy embeddinghesewithin the curriculum Theyare Cognitively Guided
l nstruction (CGI; Carpenter et al., 1999) and
Mat hemat i cs mithé&Steis218bnso (S

Therefore, the purpose of this dissertation is to understand the strengths and weaknesses
of curriculum materials currently used in elementary mathematics and to devekipeade
mathematics guidebook for teachers that is designed for supporting both teacher and student
learning. The guidebook will encompass a series of complete lessons that can be implemented
with students, including e mb e Hethatidal khosviledgeifores t o

teaching and knowledge of the students in their classroom.
1.2 Significance of the Study

This study has significance for elementary teachers as well as professional development
and curriculum staff. For my project, | will create ediaral curriculum materials based on
supporting teachers with i mplementing 1st gr a
Orchestrating Productive Mathematics Discussi
where teachers pose word problems #tatlents solve using their own intuition and solution
strategies, prior to formal instruction on the underlying concept and/or strategy in the word

problem. While students work on solving the word problem, the teacher selects particular



students to shateeir strategy with the class at the end of the lesson and facilitates acldsse
discussion, both during and after students share their strategies.
In turn, the curriculum product that will result from this dissertation will be educative
curriculum maerials for 1st grade teachers to use with their students and will include lesson
plans for daily CGI word problems. Each lesson plan will include educative features that help the
teacher learn the process of the CGI method of teaching as well as hoxe & eh and
meaningful c¢class discussion about the particu
Practices for Orchestrating Productive Mat hem
To further describe the significance, Il wi
effective teaching practices actionable through educative features that support the teacher to
implement the practices and facilitate productive wiotdess discussions. | will then further
describe the challenges around a lack of access to professioelpmeent on CGI and
facilitating wholeclass discussions, including the ways in which the curriculum product from
this dissertation intends to address these issues.
1.2.1How CGI addresses the 8 Effective Teaching Practices
Teachers should Ai mplement tasks that prom
(NCTM, 2014, p. 17). During CGI lessons, the teacher helps the class read one word problem.
The teacher does not initiate a search for keywords, a very common word problemgteachi
strategy. Student strategies are not discussed at this time. Instead, students are questioned about
the context and actions in the problem to ensure and strengthen understanding of the story. They
reason about the problem and decide for themselves#tevay to solve the problem. Teachers
write CGI problems with their students in mind. CGI problems should push students to think

about numbers in a particular way.



Next, they get to work on solving the problem using their own strategies. The students
resson about both the actions and numbers in the problem and make decisions on their own for
how to go about solving. The students do the thinking. The teacher moves through the room and
watches how they solve, observing the operation they chose, how treuateg, and the tools
they are using. At this time, the teacher confers with individuals, asking questions for
clarification on their strategies.

Teachers should Ause and connect mathemat:
Afacilitamat  memat nghlbl di scour sepud ptp.&BP9O anhd
This happens in the final part of a CGI lesson. While students were working, the teacher
guestioned them about their strategiedthought about how the strategies connect to one
arother and to the mathematics goals of the lesson. Using this information, the teacher selects
particular students to share their strategy for the class. The class gathers back together to engage
in a meaningful discussion. The teacher poses questionsthbaitategies students are seeing
as she draws the studentsd strategies on char
connections between the representations they are seeing, ask questions about the strategies and
discuss awide varietyofréla ons hi ps that connect to the teac

For example, to solve 245, one student may have uséuwifix cubes and separated 15
from the total one by one. The next student might have performed the same task by removing a
ten stick and then 5 more. &leacher might then ask students to compare those strategies
thereby drawing their attention to the use of tens and ones on the subtrahend. A third student
might have chosen to count up from 15 and the teacher might emphasize the difference between
the ewation that matches his work compared to the first two strategies that were shared. All of

this is fAbuilding procedur al fluency from con



Teachers must fAsupport mart deumMCTMc2ldsp(r uggl e
48). DuringCGl lessons, teachers do this by allowing the students to make decisions about how
to go about solving. The structure of CGI lessormissistentbut students are constantly
exposed to nonroutine problems. They must consider for themselves the adlioiesadls of
the story to decide what operation to use. They look at the numbers and decide in what ways they
want to work with them. I f their first i1idea i
errors and try again. The teacher supportsittteough strategic questioning, not demonstration.
Sometimes students are not ablsdtve,and they will learn strategies from their peers who
share. But they will see that problem type again soon and have an opportunity to apply their new
understanding

CGl teachers fnelicit and use evidence of s
immediately in lessons as well as to inform their ongoing instruction. The invaluable knowledge
about how students think about numbers and concepts can permeate thénesirath
instruction. This knowledge about how they solve problems could be the tools they use, how
they count, the way they break apart numbers and the operations they use. Teachers who get to
see how students think will find a very wide rang@blemsolving possibilities, many they
likely have never considered if they are new to CGI. Knowing how students think can impact the
way they use the curriculum provided by their school and hopefully lead to more thoughtful
guestions, activities for studentsdaclass discussions.

It is Iimportant that teachers fdestablish m
2014, p. 12) and this can particularly challengindor teachers new to CGI. Problem types,
context and numbers should never be selected haplhadastead, these decisions should be

made carefully with the students, standards and mathematical goals in mind. Experienced CGI



teachers have acquired knowledge about how students think that help them to write these
problems, seek strategies and féaik meaningful learning through a discussimeacher
trying CGil for the first time might find this challenging and overwhelming, which is why a CGl
curriculum is necessary for a teacher new to this method.

Opportunities for students to problem solweely are not present in many traditional
curriculum resources adopted by schools. For examplédath Expressions 2018hich is used
by my school, there is not a lesson plan in the 1st grade teacher manual that explicitly asks for
students to solve usirtgeir own intuitive strategies. Instead, they are asked to solve after seeing
the teacher demonstrate ficircle drawingso whi
story and then Adirect model i ngay.l{6Cahepent er e
bunnies hopped away, the teacher would demonstrate crossing out 6 bunnies drawn as circles
and counting those not crossed out. These experiences do not open opportunities for students to,
for example, think about the difference betwéeand 8 and count up or back, among many
other strategies that they might want to use. It is limiting and procedural.

Openended problem solving that is present in CGI lessons is more difficult to plan and
manage than many of the lessons found in traditiourriculum resources. Teachers must be
ready to address possibly unexpected student thinking that they are seeing during the lesson. The
product | will create for teachers is a guide on how to do this that includes the questions, possible
student stragies as drawings, questions to ask and discussion examples and a rationale that
explains the numbers, context, problem type and what they might expect during the lesson and

discussion and how to capitalize on the thinking of their students particute poablem.



1.2.2Facilitating Meaningful Discussions
One critical aspect of CGI |l essons that

Practicesodo is rich c¢class discussions. The

di

problemisreallyta heart of the |l esson and it is the

highlight the ideas that will support the overall lesson objectives and will steer student thinking
for future CGI lessons all the while deepening their understanding and number Eeerefore,

a clear framework is needed to support teachers in understanding how to facilitate a rich and
meaningful discussion in a CGl lesson. According to Smith and Stein (2018), there are many
steps teachers must take, beginning in the lessoniptpstage, to be able to facilitate this

di scussion. The A5 Practiceso are (1) Anti
and (5) Connecting. These 5 Practices are
Orchestrating Produstie Mat hemat i c al Di scussions. o0 CGI
many different ways students might solve the problem, monitor while they are solving and ask
guestions to better understand their thinking, strategically select students who withsirow
strategy to the whole class, sequence those strategies in a way that will further the goal of the
lesson and connect those strategies by asking particular questions and dtagengsattention

to various aspects of the strategies shared. This easytask,and it requires a cycle of new

learning and ongoing practice for the teacher.
1.3 Purpose of the Study

The purpose of this study is to research the impact of Cognitively Guided Instruction,

especially relevant to NCTMé6és 8 Effective

ci

P

exp

t

e

Tea

curriculum features and to illustrate the extent to which principles of CGl aiiiddhe Pr act i ces

for Orchestrating Productive Mathematics Di

SC



math curriculum textbooks. This information is pertinent to the development of a CGI guidebook
for teachers that will help them learn the CGI mettiwdugh the structure of the 5 practices and

embedded educative features.
1.4 Qualitative Content Analysis

The purpose of the Qualitative Content Analysis (QCA) is to further illustrate the need
for curriculum materials that help teachers fully address taegtive Teaching Practices. In
order to advance my understanding of the presence of CGlI principles and educative features in
common classroom curriculum materials, | cond
manuals. The information gleaned from tsiisdy informed the development of my guidebook
by illuminating the features and learning opportunities that were typically present as well as

those that were less common or lacking entirely.
1.5 Positionality Statement

Teachers lack time for both planning girdfessional development (PD) and do not have
much time built into their days with students to independently study a math curriculum or
instructional practice. My district, USD 497 in Lawrence, KS, includes 6 professional
development days into our calen@ach year. This time includes hours of mandatory training
that are nosinstructional (e.g., school safety). My district also does PD on Wednesday
afternoons but how this time is used is also planned out by the district or principal with very little
choice time for teachers. When planning a sequence of elementary teacher training, some schools
also tend to overemphasize literacy instruction with reading being the primary focus. There have
been years that | was not offered a single minute of mathematfesgiomal development by
my school.Therefore] argue that most professional development can and should happen in the

classroom with students present.



Part of the definition of CGl is that it is not a prescribed curriculum. One of the tenets of
the progam is that teachers are the decision makers and they decide the next course of action
based on how their students are solving problems and talking about problems. It has always been
a point of consideration for me that | am creating a curriculum produatgoogram that is not
necessarily supposed to be a curriculum. However, what | am creating is what | would call a
Agui debookd and it provides a starting point
could be done. It will be made clear in theghuct that this is support for beginning the program.
The word problems provided are to ease the burden on the teacher of knowing some beginning
problems aligned to their grade level expectations. The solution strategies provided may or may
not be used btheir students. The discussion guide will be more likely used as a suggestion than
a script as there is no way to predict what t
want to give a teacher everything they need to try out the method aisddeebsful. | hope they
do and that at the end of that year, they can hand the guidebook to another teacher because they

have come to know and understand the principles of the program for themselves.
1.6 Professional Development Guidebook with Educative Featas

A CGI Curriculum Guidebook with embedded educative features will be significant to
elementary teachers because it can provide new learning and ongoing practice opportunities that
are embedded into daily instruction with students without adding hothisitovorkweek.
Educative features are text features in a tea
learning of the teachers in addition to student learning (Land et al., 2015). Educative features
could include examples of exemplary student wodinmon student misconceptions and
explanations and/or rationales for instructional strategies or any other feature that is intended to

support the teacher to learn new instructional strategies or deepen their content knowledge.
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Teachers need resourcesttdl provide cognitively demanding, standaralsgned activities for
students that will also help them to understa
instructional practices. My CGI Guidebook will include many educative features ingltithse

found to be lacking in the curriculum resources included in the Content Analysis.
1.7 Research Questions

Most teachers are provided with curriculum materials to use for teaching mathematics. These
materials vary in their presentation of concepts,ttieories that underlie their program and their
level of support and guidance for teachers to implement new instructional strategies. In order to
determine the need for a CGI Guidebook with educative features that help teachers to implement
CGl withinthe f r amewor k of the A5 Practices, 0 the foc

1 To what extent does the resource provide student learning opportunities consistent with

the principles of CGI and the 5 Practices?
1 To what extent does the resource supfeathers to understand the principles of CGI
and the 5 Practices?

These questions informed the development of the coding framework used to code the
textbook teacher 6s wasusad trlfosm the Baveloprheatdhe t hi s dat
guidebook. These @stions guided the research objectives which were to (1) examine the
teacherés manuals for the presence of princip
manuals for the presence of the 5 Practices, (3) gauge the extent to which teachers wecte provide
with support to understand and implement these principles.

1.8 Limitations

Supplemental teaching materials are very widely available to teachers and even include

lessons and resources found online on websites such as Pinterest and Teachers Pay Teachers. It
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would not be possible in the scope of this project to do QCA on the myriad resources available
digitally and otherwise. Therefore, | chose to analyze some of the largest and most popular core
curriculum products that many districts have adogtealvingthose are in the classrooms of
many teachers.

My coding framework was designed to find features of Cognitively Guided Instruction,
the 5 Practices for Orchestrating Productive Mathematics Discussions intended for students and
educative features to help thedber better understand those teaching strategies and concepts.
The publishers of the curriculum products analyzed made no claim to be promoting those
programs in their product or to be an educative curriculum for teadespitethis, | found
many lesso features aligned with those ideas, but this was not necessarily the intent of the

authors.
1.9 Definition of Terms

A5 PraBdolkesThe 5 Practices for Orchestr at
Di scussionso (1) anti ci pasequengng (5Rchbnnectma(Bmiitbr i ng
& Stein, 2018)
A8 PraBdd¢cecmswt, A8 Effective Mathematics Te
Cognitively Guided Instruction (CGI): A professional development program and
approach to teaching mathematics through gpsiord problems to students and asking them to
solve without direct instruction (Carpenter et al., 1999).
CGI Guidebook: A curriculum product influenced by CGI with lessons to be used with

students and educative features to aid the learning of the teacher.
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Curriculum: The sequence of planned experiences where students learn concepts, practice
skills and achieve proficiency in grade level standards (Rhode Island Department of Education,
2022).

Curriculum Product: A product created for teachers to assistith@aching learning
objectives.

Curriculum Resource: A product teachers have been provided by their school or that
teachers purchase to use for teaching students.

Educative Curriculum Materials: Curriculum product or resource that corgditsative
features for the teacher (Land et al., 2015).

Educative Features: Features embedded in a curriculum product or resource that are
designed by the author to help the teacher learn instructional strategies, content knowledge or
knowledge about thestudents.

Qualitative Content Analysis: AA method of
mater i al in a systematic wayo (Schreier, 2012

1.10Summary

The purpose of this dissertation is to research the relevance and impact of Cognitively
Guided Instrugbn, educative curriculum materials and the extent to which principles of CGI and
the A5 Practices for Orchestrating Productive
large elementary math curriculum textbooks. The problem is that those prir@ples used to
address NCTMO6s 8Prdtcticdsirutthey areenot dlwagscphesent g the math
curriculum resources. This dissertation will culminate in a CGI guidebook for teachers that

addresses this problem by providing teachers with legsamse with students that include CGil
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word problems with educative features that he

the CGI method while they teach.
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Chapter2-Li t erature Review and Theor

2.1 Review of Literature

In the following sections | discuss the theoretical framework and literature that informs
this dissertation study. | begin the chapter by defining aspects of the theoretical framework,
including: teacher knowledge, Cognitively Guided Instruction (CGLl¢ceative curriculum
materials and student engagement. Each aspect of the theoretical framework is defined and a
description of how each part is operationalized in this study is explained. Hnalbyjde a
review of relevant literature, largely focusiag literature regarding CGIl and educative

curriculum materials.

2.2 Theoretical Framework

2.2.3Teacher Knowledge
2.2.3.1Pedagogical Content Knowledge

Shul man (1986) described Pedagogi cal Cont e
knowledgef or t e a c hrhereggia s(i psfore@chin® i mpl i es that a tea
only have knowledge of the subject they are teaching but also knowledge of how to deliver the
specific content in a way that is comprehensible for students. For example, elementary
mathematics teachensust have the knowledge to represent topics in ways that are most useful
for students and to have alternative representations that would best match the learning level and
current thinking of students. PCK also includes an understanding of how to unicalesit s
thinking and respond constructively, taking into consideration what topics are more difficult for
students to comprehend and specifically what makes these topics difficult.

2.2.3.2Mathematical Knowledge for Teaching
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In practice, teaching mathematics reqaiteachers to make a series of instructional
decisions before, during and after lessons. Before a lesson, teachers plan problems, activities and
experiences that they believe best address grade level standards and lesson objectives and will
further studat thinking and understanding. At this stage, teachers also plan which numbers
students will work with in a problem and pl an
which students the questions will be asked to and when. Additionally, teachstranake
decisions about procedures to teach (or not) and models they will use to explain concepts,
including additional models if an initial model fails to support understanding.

During a lesson, teachers makehe-moment decisions when they respondtbo ude nt s 0
errors through their deep understanding of th
Deborah Ball and colleagues (2005) described the specialized knowledge used to make these
decisions as Mathematical Knowledge for Teaching (MKT),gn&n si on of Shul man?@é
PCK. In this work, she and her colleagues explained the critical need for teachers to have
knowledge of both mathematics and their students. In order to anticipate and plan for
mi sconceptions and dey tedchers meshhave adeepuriderstandinghb e r
of their particular studentsdé thinking (i .e.,
concepts and work with numbers and problems). This is important as students enter all
elementary classrooms with priknowledge (i.e., background knowledge and ways of thinking
about mathematics concepts) and it is critical that teachers have strategies to uncover and utilize

this prior knowledge throughout instruction.
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2.3 Cognitively Guided Instruction (CGI)

2.3.4Definition of CGI

Cognitively Guided Instruction (CGI) is one useful method for teachers to develop MKT.
CGl in and of itself is not a traditional curriculum, as it does not ask teachers to follow a scope
and sequence or curriculum of any kind. Instead, CGl is a pgaad practice where teachers
pose word problems to students and, rather than teaching or demonstrating solution strategies,
ask students to solve the problems in any way they choose, often making available relevant
manipulatives (e.ggounters or Unifixxube$ for students to use. After students have solved the
problem, sometimes in multiple ways, the teacher selects students to share their own solution
strategy with the rest of the class. The teac
posi ng questions that will help the class make
mathematical connections between the various strategies shared in the session. CGI does not
involve explicit instruction on the part of the teacher and studentsoataught number facts or
strategies to use for specific problems. Furthermore, students are not taught to look for
keywords, instead they are asked to make sense of the action in the problems and then decide for
themselves the operations that make messs to use. This is what makes CGI a unique and
nontraditionalapproach to teaching and learning mathematics.

The learning and knowledge construction during CGl is not just for the students. It is also
meant to develop teachersoé knowledge of stude
which mathematics i nstructi onofgtudentithmpmgct ed by
(Carpenter et al., 1989). By watching their students solve the problems and posing questions
about student strategies, teachers come to understand how their students think about the

problems and how they make sense of and use the nsimielved in the problem. Based on
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these experiences, teachers are then able to pose future problems that extend the thinking of their
students.
2.3.5The Role of Social Constructivism in CGl

Social Constructivism is a theory of learning that highlights tlkeeabsocial context in
studentsdé6 knowledge construction. Further, a
students working as a community of learners, building and deepening their understanding of
concepts through autonomy and engagement gsidam discussions with each other and the
teacher (Watson, 2001). Specifically, a social constructivist teacher might have students problem
solving together, participating in probldnased learning, and participating in smafid whole
class discussion#kpan & Beard, 2016).

CGl is a dally, highly social constructivist teaching method that allows students to come
together, see how others think, and draw connections between their own thinking and the
thinking of others through the teacher facilitatioraafiscussion. In elementary school, for
example, these experiences with CGI allow students to build their own understanding of our
number system and use knowledge to solve future problems. Additionally, CGI classrooms invite
all students to be part of s|assroom mathematics community by trying out their own solution
strategies, presenting them to other students, and engaging with the ideas of others instead of
watching and repeating a teachero6s demonstrat
2.3.6CGI Problems and Problem Types

When most cildren come to school in kindergarten or first grade, they can typically
solve JoirResultUnknown problems consisting of numbers less than 10 (Figure 2.1) without
being taught a specific procedure or skill. In fact, young children tend to first direcdgl the

relationships found in the problem using drawings, counters, or their fingers. Thisoskgfing
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(i.e., intuition and drawing on current understanding of number rather than adding strategies or
number facts) is how students are able to solvelpnaes without instruction. In this way, word
problems with an understandable and relatable context affords children the autcereatay to

build an understanding of mathematical concepts. Furthermore, by allowing students to solve
problems like this in tHeown way teachers are provided insight into student thinking which can
inform next steps for instruction with students and furthers their own knowledge of student

thinking.

Figure2.1. Cognitively Guidel Instruction: Story Problems. Smith & Smith (262&10).

Cognitively Guided Instruction: Story Problems

Join Result Unknown I | Join Change Unknown III | Join Start Unknown v
Leon had 9 colored pencils. His mother Kevin has 7 dollars. How many more Eve had some pebbles in her pocket. She
gave him 5 more. How many colored dollars does Kevin need to have 11 found 8 more pebbles and put them in her
pencils does Leon have now? dollars altogether? pocket. Now she has 14 pebbles in her

pocket. How many pebbles did Eve have

9+5=[ | 7+ J-1 1o start with?
|:]+s=14

Separate Result Unknown Separate Change Unknown Separate Start Unknown

TJ had 13 chocolate chip cookies. At Eleven children were playing in the Max had some money. He spent $9 on a
lunch she ate 5 of them. How many sandbox. Some children went home. video game. Now he has $7 left. How
cookies does TJ have left? Now there are 3 children left playing in | much money did Max have to start with?

the sandbox. How many children went

13-5= | home? [[]-9=7
1n-[ )3

Part-Part-Whole- Whole Unknown Part-Part-Whole Part Unknown
Fourteen girls and 6 boys were playing soccer. How many Connie has 12 marbles. 5 are red and the rest are blue. How
children were playing soccer altogether? many blue marbles does Connic have?
14+6=[_] s+ ]=12 orR [ ]+s5=12
Compare Difference Unknown 11 | Compare Quantity Unknown Compare Referent Unknown
Willy has 15 crayons. Lucy has 7 Coleman has 11 books. Kevin has 6 Juan has 13 stickers. He has 4 more
crayons. How many more crayons does more books than Coleman. How many stickers than Angie. How many stickers
Willy have than Lucy? books does Kevin have? does Angice have?
15-7=[ ] n+6=[ | 13-4=
Multiplication Measurement Division Partitive Division
Ms. Jenkins bought 7 boxes of cupcakes. | Bart has 24 pencils. They are packed 6 Megan has 15 cookies. She put the
There were 4 cupcakes in each box. How | pencils to a box. How many boxes of cookies into 5 bags with the same number
many cupcakes did Ms. Jenkins buy? pencils does he have? of cookies in each bag. How many
Tx4= D Dx 6=24 cookies are in each bag?

sx[ ]=15
K: Levels I, 11 G1: Levels: L 11, 111 G2: Levels I, 1L 1L 1V S.Z. Smith & M. E. Smith (2008-2010): Adapted from Carpenter, et al. (1999)
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2.3.7CGl as Teacher Professional Development

As well as being an instructional strategy, CGl is also a teacher professional development
program. It began as a series of studies where researchers sometimes worked directly with
teachers, providing them insight into student thinking at the age leyeivtirked with and
measuring the extent to which this new knowledge was applied to their instruction (Carpenter et
al., 1989). As teachers pose word problems (Figure 2.1) and watch students solve, they uncover
how students t hi nk nkingtddrivefuethet ifsteuction. Bot axaimple,t s 6 t h
with knowledge of student thinking, teacheaswrite more cognitively appropriate problems
for students that are tailored to studentsodo c
students develop mathematical knowledge and number sense to solve different and increasingly
complex problems. Durinthis process, teachers build their knowledge of student thinking and
develop their ability to pose future problems and questions that will help their students continue
to build onto their existing knowledge. Thus, teachers engaged in the enactment o CGIl a
experiencing a construction of knowledge (e.g., PCK and MKT) right along with their students’
development of mathematical knowledge. Overall, teachers build knowledge about the thinking
of their students, mathematical concepts and the myriad ways mbén be solved that can be
used inthemoment with a current group of students and ‘aétaryear with future groups of
students.
2.3.8How CGil is Operationalized in this Study

There areafew CGI resources available to help teachers learn about thisanétito
they are likely insufficient for many teachers to begin regularly implementing CGl in their
classrooms. Thus, there is a need for a more detailed and structured presentation of the program

for a teacher brand new to this type of teaching. The aomsimon and first book on CGl is
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Carpenter and colleagues (199©9h i | dr end6s Mat hematics:.TRBogni ti v
work is written for teachers and explains the thesis ofi @@t children come to school with lots
of intuitive knowledge about mabers and they can construct workable solutions to problems
without the instruction in algorithms and number facts common in some of the most utilized
curriculums and teaching resources. The book explains the role of the teacher and students in
CGl, different problem types, solution strategies with examples for various operations, and tips
for getting started in the classroom. It also includes a DVD of classroom episodes (i.e., clips of
classroom learning segments where CGl is implemented) to furtheratkisite ideas discussed
in the book. While it is full of incredibly useful information (and | have purchased every book
they have written), it is not likely to be enough to get a teacher to incorporate this into their daily
instruction, especially when wmnsider that this type of teaching might require a fundamental
change in pedagogical orientation on the part of the teacher. In fact, | did not open this book until
| completed a year of teaching CGI, when | understood the structure of CGI and wags alread
interested in diving a bit deeper into the details and theory of the practice.

Through this dissertation, | am creating a mathematics curriculum product for First Grade
teachers that could be used daily to supplement the core curriculum likely proyithezrb
school district. My product will provide a CGI problem per day. The problems will be written
based on the Common Core Standards for Grade 1 as well as CGI research that has demonstrated
that young children can often work with larger numbers anct mioallenging problem types
than typically presented at their grade level (Carpenter et al., 1993). Many core curriculum
products introduce operations in a sequential order, with students learning about addition before
learning about subtraction in firstagle. Additionally, JoirResultUnknown problems are

typically focused on for long periods of time before the unknown is presented in other places, as
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in the case for current math curriculums like Math Expressions (Fuson & Houghton Mifflin
Harcourt Publising Company, 2018). However, as in CGI classrooms, the problems in the
curriculum product | will develop will not be presented in a sequence and students will be
introduced to a wide variety of problems right away in the beginning of the year, allowing

teachers to see their ability and thinking right away.

2.4 Educative Curriculum Materials for Teachers

2.4.9Definition of Educative Materials

In addition to the daily problems intended for CGlI instruction, my curriculum product
will include educative features for tieacher that are based on CGI and the 5 Practices.
Educative Curriculum Materials (ECM) are curriculum materials that include educative features
intended to support teacher learning (Land et al., 2015). These educative features are embedded
into lessonsrad may include, for example, questions to consider posing to students and examples
of student thinking or misconceptions that may arise in response to the question posed.
According to Land and coll eagues (2dhdly5), it i
communi cate their intento (p. 26) because edu
educative ways. Teachers need to be made aware of exactly what features are meant to be
educative and how they should go about reading and using those featofesridheir learning
and practice.

Furthermore, Quebeeuentes Ma (2018) conducted a comprehensive literature review
of educative curricular materials which resulted in their framework for Teacher Learning
Opportunities in Mathematics Curriculum Matds. This framework includes an emphasis on
supporting teachersd understanding of student

curriculum product from this dissertation. When teachers pick up curriculum material, it is often
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with the intent to ma lesson plans for students. As discussed, rich, educative features targeted
for the teacher may be present in the text bu
those and their intention to read the material in an educative way must be st @aating.
According the QuebeEuentest Ma, t he materi al must al so cont
that will support teachers in developing thes
mathematics content knowledge for teaching, (2) teachmrledge of student thinking in
mathematics, (3) teacher knowledge of disciplinary discourse in mathematics, (4) teacher
knowledge of assessment in mathematics, (5) teacher knowledge of differentiated instruction in
mathematics, (6) teacher knowledge ohtemogy use in mathematics, and (7) teacher
knowl edge of mathematical communityo (p. 357)
2.4.10How the features will be used in this study

In the curriculum product resulting from this dissertation, | will first clearly explain the
intent of ECMs and explidit state why and where educative features are embedded throughout
the product. Teachers will see features in each lesson that will help them understand each of
these components of CGI and the 5 practices embedded in the lessons. My ultimate goal is that
after a year of using this curriculum product, teachelsne longer need it because they have
come to understand hosnactCGI by writing problems, observing student thinking, selecting
students to share their t hi seksiomwthannewpmoblent epar e
tailored to the current thinking of their students.

My curriculum product will also include a rationale for each problem that is selected to
drive a lesson. This rationale will briefly explain the problem type, context andrchasers,
including why the problem is appropriate for 1st grade students at this particular point in the

year. The product will include a routine to check for student understanding by having students
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retell the problem as well as answer a comprehensiestign about the numbers being used in

the problem. I will give many examples of strategies that teachers might see their students using
to solve the problems (e.g., direct modeling, counting, derived facts; Carpenter et al., 1999). |
will present the stilent strategies in order of sophistication and explain the sequence. | will also
provide suggestions and explanations for which strategies teachers might choose to share, in
what order and why. Finally, | will provide questions teachers can use whetatagjlia

discussion about the problem and student strategies.

2.5 Student Engagement

2.5.11Definition of Student Engagement

The enactment of CGI described thus far is also designed for supporting student
engagement in mathematics learning. Bodovski and Farkas (@86afbed student engagement
as having three component s: l earning related
at tasks), cognitive behaviors (e.g., attention, problem solving), and emotions (e.g., enthusiasm,
interest). This aligns witthe enactment of CGI as students are called on to actively participate
by doing the math themselves and to participate in a class discussion, where they are presenting
their thinking and engaging with the thinking of others. Students have opportunitigskto t
creatively, which may enhance classroom equity (Luria, Sriraman & Kaufman, 2017), and are
expected to persist in solving each problem. This is evident as students are choosing their own
solution strategy, following through until they believe they himeeanswer and then preparing
to explain their thinking and process to their peers. Additionally, the teacher also works to ensure
that students are paying attention, actively listening, and comprehending the problem context

before beginning to solve. Rhermore, during CGI enactment, students work to solve the
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problems while the teacher acts as facilitato

feelings of math competence and confidence (Moscardini, 2010).
2.5.12Why student engagement matters

It is critical that all students have access to rigorous, engaginggbaity mathematics
instruction thatpusless t udent s to think deeply about the
access to higlgquality teachers, instructional opportunities to learn {gjghlity mathematics,
opportunities to learn gradevel mathematics content, and high expectations for mathematics
achievement are the main contributors to differential learning outcomes among individuals and
groups of student s oSnfleNand Hért (2000 alsd suggest thdt gudents h t
feeling a sense of belongingness and engagement leads to equitable outcomes and one practice
that may promote this is allowing students to develop their own strategies for problem solving.
Carpenter and coldgues (1999) emphasized that all students are capable of developing their
own solution strategies, which implies that all students, regardless of race, gender, language or
family income, must be given the opportunity to think creatively and problem solve
independently (i.e., given the opportunity to engage with-gigdlity mathematics and
mathematics instruction). This type of engagement, which is coupled with meaningful
involvement in class discussions, is a way to achieve the belongingness and engagement
necessary to foster equity.
2.5.13Supporting Engagement Through Discourse and the 5 Practices

The Common Core Standards for Mathematical Practice call for students to be able to
construct viable arguments and critique the reasoning of others (National Govessocgtion
Center for Best Practices & Council of Chief State School Officers, 2010), which is supported

during CGI when students solve problems and share their thinking and solution strategies during
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class discussions. Additionally, productive classusions are associated with student
achievement, especially through hilgivel dialogue where students make sense of and build off
of other studentsodo ideas (Webb et al., 2014).
and consider who is engagiin discussions and how they are participating. Thus, teachers must
think about how they can create opportunities for students with varying needs to fully participate
in the lesson and discussion. Teachers must also notice who is most active and implement
strategies that will support students who are less engaged. All of which is key to successful
implementation of CGI. Bishop (2021) refers to this kind of noticing and intervening as
responsiveneggihe extent to which student thinking is acknowledgédited, taken up, and
used as the basis for subsequent mat hemati cs
student thinking itheemoment and using it to push student thinking further towards pedagogical
goals (the highest level of responsiveneBins hop6és framewor k) i s no s

To address this, the A5 Practices for Orch
(5 practices; Smith & Stein, 2018) prov&kedetailed framework to help guide teachers in
planning for and implementing lessons that provide a space for responsive teaching and
facilitating meaningful discussions around mathematics problem solving tasks. Next, | will
briefly outline the 5 practice(anticipating, monitoring, selecting, sequencing, connecting) and
illustrate how teachers might use these practices to structure CGI enactment.

Anticipating. During the planning of a lesson about a mathematical task, Smith and Stein
(2018) call on tedwers to actively envision how their students might approach the problem(s)
they are being asked to solve. This allows teachers to anticipate student strategies and plan
guestions they might ask to check for understanding and uncover potential miscosception

Anticipating strategies before the lesson also allows the teacher to consider the many ways that
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the problem can be solved. One way to do this is by solving the problem themselves in as many
ways as they can think of and keeping logs of previous ealstrategies used by students. The
curriculum product from this dissertation will include many examples of possible solution
strategies that can be used by the teacher in different ways and one of those is to review in
advance and consider which strategigey believe their students might use based on their
knowledge of student thinking. Another reason to present teachers with these strategies is so that
they can see a variety of student developed strategies that they likely have never been exposed to
if they are not familiar with CGI or other studemntered teaching methods.

Monitoring. Monitoring occurs after the teacher has presented the problem with the class
and instructed them to begin solving the problem. In this phase of the 5 practices;hbe tea
moves around the classroom observing students as they work and asking them assessing and
advancing questions about their work. Teachers may notice some strategies that are similar or the
same as those they considered in the anticipation phase. Teawealso notice unexpected
strategies and are encouraged to question students to uncover their thinking and make sense of
the strategy students are using. For instance, when using word problems targeting addition and
subtraction strategies, teachers wdly attention to which students are using direct modeling,
counting, derived fact strategies, or invented strategies. They may also observe
misunderstandings and counting errors which will need to be addressed. During this time,
teachers may use a monitay chart or anticipatory framework to note which students are using
particular strategies.

Selecting.During and after monitoring, the teacher makes decisions about which students
are going to share their strategy with the whole class. The teachétdiaslieady planned for

which types of strategies they intend for studenshtire butnay also have noticed some other
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strategies that are important to bring to the whole class in order to meet the god¢sddhe
However, when selecting studentagégies, teachers must think critically about who to ask to
share and why as this allows them to not only manage the outcome of the lesson but to call
attention to certain ways of thinking that are highly likely to be repeated by other students during
future lessons. To show teachers how to select strategies, my product will highligit2e
strategies and explain why those are appropriate for 1st graders at a given point in the year and
how they support the objective of the lesson.

SequencingNot only must teachers select appropriate strategies to share with the whole
classbut it is alsdoest to present them in a strategic order that helps attend to the goal of a given
lesson. For instance, a teacher may consider having students present a mete statggy
(e.g., derived facts) before a more abstract strategy (e.g., invented strategies or compensation) to
help facilitate students making connections between approaches. This is because having some
concrete support for understanding can often teaxlore sophisticated strategiér example,
in the beginning of 1st grade | will highligatc®unt al |l 6 strategy foll ow
strategy for solving addition word probl ems.
familiar formanys udent s and the fAcount all o validates
ono and provides the support necessary for fa
Each lesson in the curriculum product will include a suggested sequenck &s bvief
rationaleliket hat gi ven for Acounting ond and fAcount.i

Connecting.Once the selected students have explained their strategies and the teacher
has drawn or displayed these strategies large enough for the whole class to see, d ihatitic
the teacher helps facilitate student conversations to draw mathematical connections between the

different strategies. Being able to facilitate these connections is why it was so important to have

28



a clear goal, anticipate strategies, and thoughtfdlect strategies that would be shown to the

whole class. Additionally, during the monitoring phase of the lesson, the teacher likely heard
ideas and misconceptions that will be addressed during this connecting discussion and may have
specific studentsimind to call on to explain certain concepts or to consider their own

mi sunder standing by answering a question abou
product from this dissertatiancludessupport for teachers to think beyond having studests ju
demonstrate different ways of solving, but rather to make this conversation purposeful for a
particular goal of the lesson. Furthermore, each lesstudesa series of potential questions

and prompts to pose to students that will help guide the discuaround 2 strategies

highlighted. Thishelpsilluminate for teachers the similarities and differences between student
strategies that may look quite different at a glance but in fact have mathematical connections that

help deepen student understagdin
2.6 Literature Review

While 4th grade U.S. mathematics scores did increase slightly on the NAEP exam
between 2017 and 2019, still only 41% of 4th graders were considered proficient in 2019
(National Center for Education Statistics, 2019). According to achievement levels &om th
Nati onal Center for Education Statisticso web
performance for each grade assessed. Students reaching this level have demonstrated
competency over challenging subject matter, including subjatter knowlede, application of
such knowledge to real world situations, and
(Ward et al., 2006).
In Kansas, the average 4th grade score was 239, which is not significantly different from

the national average of 240 On Kansas® own annual mat hemat i c:
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by the Kansas Assessment Program (KAP) and better known stat¢est50.25% of 3rd
graders, 36.08% of 4th graders and 31.91% of 5th graders received a score of 3 or abeve on a 4
point scale (Kansas Report Card, 2019). Accor
shows an effective ability to understand and usertatnematics skills and knowledge needed
for Postsecondary Readinesso (Kansas Report C
52.74% of 3rd graders, 40.65% of 4th graders and 38.81% of 5th graders achieved a performance
level 3 or higher (Performantevel Reports, 2022020). This indicates that roughly 40 to 50
percent of local third, fourth and fifth graders understand and apply mathematics at grade level.
This is a problem that indicates instruction needs to change in order to help many marts stude
achieve a depth of understanding that will give them access to grade level mathematics concepts.
These scores indicate a need for more teacher
of which CGI can assist in doing as was detailed previousky.fdllowing sections will further
il lustrate CGlIO6s effectiveness as a mat hemat.
curriculum materi al gdirected lrarmsng.pport teacher sd se
2.6.14Questions Guiding the Literature Review
The purpose of this ssertation is to create a CGl Guidebook so that teachers will have

an opportunity to learn new instructional strategies, improve their Mathematical Knowledge for
Teaching and become better equipped to give all students acceshigitheality instructian
needed to raise the level of achievement in mathematics. In order to determine how CGI can
support teachers to implement effective mathematics teaching practices, the following questions
are used to guide this review of literature:

1 To what extent can CGielp to close achievement gaps, increase learning and

engagement foall students?
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1 To what extent can CGI act as a tool for teacher change in beliefs and instructional
practices?
1 To what extent can teachers experiencediedficted learning through eduivee

curriculum materials?
2.6.15Search Parameters

To begin this I|literature review, I i nitial
Guided I nstruction. o | only included journal
that order and in thétle or abstract. | wanted to limit this search specifically to the CGI program
and research related to the original research by the team of CGI founders (Carpenter et al., 1999)
and others who have researched CGI subsequently. Other search termsorétedefd st part of
the |iterature review were fACognitively Guide
Guided I nstruction Equity, o0 as well as ACogni
this part of my search was peculiar to CGI. Arsé for connections between CGI and equity
and differentiation was conducted because of
practices is thadll students achieve high levels of mathematical understanding.

Additionally, given the nature of theiaiculum product to also support teacher learning,
| was al so i-thitregcetsedde dl d enr misred ff or mat hemati cs
used to review |iterature. Through this searc
curriculum(a/armat eri al s0 and used those as well, seal
abstracts. Further narrowing the search, | chose to limit the search only to articles about
educative curriculum materials for mathematics teachers. One of the maiofi@®akand the
intended curriculum product from this dissertation is that mathematics tedetssecific

Pedagogical Content Knowledge requirements for teadhier that educative curriculum
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materials for literacy, for example, could be structureatmdifferently and would not be

relevant to the product that | will develop.

The research cited below was foundusyng Kansa$§t at e Uni versity | ibr
search of all journals and Google Schel ar. I
Clearinghouseodo website and the AJournal of Ma
literature.

2.6.16Effectiveness of Cognitively Guided Instruction

CGl is an approach to teaching that | use in my classroom, but as | explained previously,
it was first desined as a professional development program to support teacher learning. While
there is limited evidence on professional development effectiveness in general, as it is extremely
difficult to isolate the effects of any program on teacher learning (Wilsd8)2CQGl is one
professional development program thaty havea significant impact on student achievement.
For example, in a muisite cluster randomized trial, Schoen and colleagues (2018) found that
after one year of CGI professional development, sttgdi@ grades-5 showed significant gains
in their understanding of fractions. Traditional fraction instruction in Grade 3 focuses on placing
fractions on a number line; however, fraction instruction using CGl is different than traditional
instructionint hat students are taught through sol ving
following, 3 kids want to share 4 brownies so that each child gets the same amount. How much
brownie will each child gettEmpson & Levi, 2011). This problem represents an exanof
whole number computation that students would Hedexperience with in lower grades to help
students make sense of fractional parts.

Nationally, student achievement declines in mathematics between grades 4 and 8 (Mullis

et al., 2016) and one pgble factor contributing to that could be a lack of understanding of
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fractions. Though fraction language is used starting in early grades (e.g., partitioning half of a
shape), fractions do not appear formally in standards until 3rd grade, under Nunsbers an
Operations, and continues to develop in 4th and 5th grades (National Governors Association
Center for Best Practices & Council of Chief State School Officers, 2010). Furthermore,
studentaunderstandindractions is an early predictor of success in lighool mathematics
(Siegler et al., 2012). Booth and Newton (201
fractions understanding, finding that student
critical to algebra readiness. More specificallyt hese aut hors found that
of unit fractions (i.e., fractions with a numerator of 1) is of critical importance and is a primary
focus in 3rd grade fraction instruction.

Through the enactment of CGl, a deep understanding of thanmgeazrunit fractions can
be built. In the example problem with 3 kids sharing 4 brownies, students might be led to give
out a whole brownie and then split the last one into 3 equal parts. Most 3rd graders will call these
Api eceso or s ahndstThid istle opportbniyrto conimegtriheir inventive
thinking with the mathematical content of the meaninthwéls. Students also are likely to
compare the fApieceso to the whodpecelsalwaymi e and
equal to oe whole. They will then build upon this understanding as they work with more unit
fraction pieces in subsequent word problems and eventually compare different unit fractions to
one another and understand that fractions are numbers that can be placadhberdine in a
certain order. Thus, CGI enactment with fraction content allows students to start by using their
own knowledge to make sense of unit fractions by splitting an object into pieces that they see as

Af airo shares. Thitsthegvorkwts fractibns. st udent s access
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Another important gatekeeper for future math success, particularly algebraic reasoning, is
understanding the meaning of the equal sign. However, enacting CGI has been shown to have a
statistically significant positive effechastudent understanding of the equal sign in 1st through
5th grades (Jacobs et al., 2007). For instance, many elementary (and even older) children
struggle to find the unknown quantity in a problem like this:

8+4=__ +5
It is common for students to see addition signs and add all 3 numbers together or to write 12
because they believe that the equal sign is a direction symbol that basicallyputedown the
answer(Faulkner, 2009). In contrast, it is critical that studedgvelop a relational understanding
of the equal sign, rather than viewing it as an operational signal to carry out the calculation that
comes before it (Jacobs et al., 2007). Understanding this is necessary for students to be
successful in learning matimatical concepts related to algebraic reasoning.

Given that in CGlI a teachersdé attention
drawn to their algebraic reasoning. Il n a st
algebraic thinkig, Jacobs and colleagues (2007) engaged participating teachers in a professional
devel opment that focused on how algebraic r
arithmetic. One large component of this professional development was askingsstadsaive
problems using their own strategies and engaging them in conversation to elicit their thinking
about the numbers embedded in the problems. Students of teachers from this professional
development scored significantly higher on the final writteathematics test than students in the

classrooms of nonparticipating teachers at the same schools.
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2.6.17Creating Equity through CGI

I n their Equity Position Statement, NCTM (
sustaining a culture of access and ggretjuire being responsive to students' backgrounds,
experiences, cultural perspectives, traditions, and knowledge when designing and implementing
a mathematics program and assessing its effec
equity in matheratics education is by ensuring that all students, regardless of background, are
presented with rigorous, highu al i ty i nstructi on. NCTM (2014)
must have the knowledge, skills, and disposition necessary to support effegtiitable
mat hematics teaching and | earning. o One way t
address the specific needs of the students in a classroom is to fdabes trinking and to plan
instruction based on whtteyknow and are able to dd present. Continuing, NCTM (2014)
states that, AA firm commitment to this work
al | students can | earn. o All owing students to
knowledge and skills to afyptheir own solution strategies is one way to operate on this belief
through teachersdé instructional practice.

A critical first step in providing this type of instruction is that teachers are noticing their
students' thinking and that they learn to giestruction that is based on that thinking. Given that
understanding studentsd mathematical thinking
ability, instruction t hat spedfictasmlowssteaaherotmm a st u
look forwhat a studerdidr at her than their deficits and to
thinking could be strengthened and broadened (Jacobs et al., 2007). Jacobs and colleagues (2010)
studied teachers' examination of student work in a collaborative grotigidrstudy, the authors

asked teachers to pose problems to students and bring the written work to the group session for
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group analyses. The goal of this professional development was for the teachers to work together

to make sense of the mathematical idgase sent i n their studentsd st
childrendés i deas in ways that will support th
analysis of the prospectiteachergr oup, that fAprofessional noti c

bothchallenging and not something that adults automatically know how to do. However, they

al so found that increased experience with chi

engagement with childrenés thinking (p. 181).
Further,mathematics classrooms consist of students with a wide range of abilities and

teachers must plan and teach in ways that address their varying needs in efficient ways. The

structure of CGI truly epitomizes the idea of differentiation that will support aslithg tlese

various needdg~or example, Baker and Harter (2015) examined six CGI studies and found that,

in all of them, teachers first considered their students' current thinking before teaching. This

focus on using student thinking to drive instructiotetisions is a different approach than

teaching Athe next | essonodo in a prescribed te

teachers consider what the students are able to do and know to then create problems that will

help students expand dmeir thinking. For instance, word problems are written specifically for

the students in a particular class, based on their current knowledge and, in CGI classrooms, the

emphasis is on strategi es dnstehdopcollecirgpaemsandr at he

marking them correct or incorrect, teachers are asked to look at the work of the student and ask

themselveswWhat did the student do to show understanding of the problem? Was the student able

to represent the numbers? How did they go aboutgusie counting strategylhus, teachers

enacting CGl in the classroom know each student as individual mathematicians and gain a strong
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sense of where they are personally in their math understanding to inform instruction (Battey &
Chan, 2010).

Further, tachers who enact CGI assess and use assessments of students in untraditional
ways. A more traditional model of assessment consists of teachers seeking out what a child does
not know or cannot do in order to use as a starting point for remediation befotearning.

However, CGlis an assebased approach to assessmentdhata ws t eacher sd6 atten
the childdid as a solution strategy rather than what they lack in understanding, meaning teachers
enacting CGI understand that children come intactagsroom with prior math knowledge and

prior intuitive and informal mathematical knowledge that should be used as a starting point to

build from (i.e., meeting students where they are) (Carpenter et al., 1999). For example, teachers
may notice that a did cancount on and count back with concretaterials put they are not yet

able to count in groups of ten. This knowledge may lead to an offering of problems that

encourage the child to use tens when counting (Moscardini, 2014, p. 75).

CGl also involve a great deal of classroom conversation that presents opportunities to
make connections between student thinking and academic mathematics vocabulary (Musanti &
CeledonPattichis, 2009). This is of particular importanceémEnglishspeaking students who
are trying to acquire a new language as well as the necessary vocabulary to be successful in
specific academic domains. Additionally, word problems can also be written using a context that
students in a particular classroom understand and can be adsiptpd gontext that students
from other backgrounds can understand. This is of particular importancert&nglish
speaking students and students who are unfamiliar with a specific U.S. context, such as

immigrants (Musanti et al., 2009).
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Classrooms thamploy CGI alsengagestudents in math learning. Given that lessons
plannedfor CGI are not structured for having students watch a teacher demonstrate a
mathematical concept or skill, students are instead learning actively and through their deep
involvement in the learning process. In a study with students with moderate learnbititidsa
Moscardini (2010) found that all 24 participating students were actively engaged in the lessons
using CGI. For instance, students remarked that, | i ke it i nstead of mat6fh
usestuff 60 dnd,s feasy 0 c gstwihdovwkind (aMobsucsaradnadiil, 2010,
this study, the students used strategies like counting with manipulatives and direct modeling
using their drawings of the story context to deepen their understanding of mathematical concepts
Fifteenof the stidents in this study used only direct modeling to solve a given problem. Direct
modeling, just like it sounds, is modeling the exact actions in a story using drawings or
manipulatives (Carpenter et al., 1999). For instance, in a word problem a childveal8ha
cookies and they get 13 more. If students are asked how many total cookies they have now, a
direct modeler would get out 18 counters or draw 18 cookies, then draw or use 13 more counters
and count the entire group, modeling the actions that hapjreties story. This is quite a
different approach from a student who combines the tens and the ones, because in the story no
such thing happened. However, having the option to directly model gives students, including
those with disabilities, a seat at théle knowing their strategy is valid. This is important
because when we teach a very limited range of strategies to students and require them to use
those specific strategies, many students no longer have the opportunity to solve this problem at
all as thg do not understand a specific strategy and the teacher is not valuing their methods.
Thus, CGl is a real opportunity to give all students a voice to share where they are and by

facilitating connections between strategies to expand their understandintuferproblems.
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Overall, creating truly equitable classrooms requires teachers to differentiate instruction
in various ways and the structure of CGI allows for this to happen more easily when teachers
consider assessment in a way that focuseson buiidng m st udent sdé current
Doing so allows for more students to have access to problems if teachers are looking for what
theycando and a student who used a less efficient strategy or miscounted still may have shown
certain mathematical undéasding related to the task that can contribute to the overall lesson
goal. An even more intentional differentiation approach within the CGI framework is to offer
students choices about the numbers used within the same story problem (Empson & Levi, 2011;
Phelps, 2012). The numbers for two (or more) similar problems can be chosen strategically, at
various levels, and students may decide which problem they would like to solve. In
mathematics, this is often referred to gmeallel task(Small & Lin, 2010) Alternatively, a
teacher may assign different numbers to diffe
student thinking. This gives all students access to the same problem and allows them all to work
within the same problem type while working witumbers that are more suited for their current
needs, making the whole class discussion something all students can contribute to and make
connections during.
2.6.18CGl as a professional development tool and agent of changefore ac her s 6

beliefs

Mathematicste c her s® bel i efs are related to their

is to provide professional development for teachers by helping them to notice, understand and

utilize their studentsod thinking danExamimes ma, 20
studies on teachersdé changed instruction and
Most CGI studies involve assessments of teach
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development. In most of these studies, teachers collaboratedhaitbsearchers whose roles

were both the researcher and guide for participants learning about CGI. As a guide the

researcher might have been modeling CGl lessons (e.g., Bowman et al., 1998, Musanti &
CeledonPattichis, 2009) or supporting groups of teastss they analyzed student work,

engaged in discussions and planned instructio
et al., 1996; Jacobs, 2007). CGl is a powerful tool for making student thinking visible because
students are working througihgiblems without first learning or seeing any solution strategies.

The work teachers see is all student thinking. This presents a lot of material for teacher analysis

and learning.

Teachers with a range of experiences, skills and beliefs can be tautjbhtbta
childrendés thinking and use it for instructio
instruction and their beliefs. For example, Fennema and colleagues (1996) conducted a
l ongitudinal study of t eac bcononbagpointechls and mea
indicating the extent to which thee a c instructios attended to CGl (p. 412). At Level 1,
teachers provided very few or no opportunities for children to problem solve on their own or to
share their strategies. At level 2,¢barsprovidedlimited opportunities for children to problem
solve but attend to their thinking and utilize it in limited ways. At level 3, teaclagessgudents
opportunities to problem solve and thdigl elicit student thinking and atteadto their idexs but
did not yet use it to drive instruction. At level 4, teachers adldstudents to solve a variety of
problems, they elictds t ude nt s 6 t h avestudentggppoduniiies tb $hare witly
others. Further, level 4 is differentiated by 4A @] where 4A indicates teachers use more
whole class knowledge to drive instruction and 4B indicates teachers use knowledge of

individual students to drive instruction. The authors also developed and Gsggitively
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Guided Beliefscale to measure bekethat correspond to thepbint scale of attending to CGlI.

By the final year of this study (year 4), 18 out of 21 teachers' instruction had become more
Acognitively guided, 0 where the beliefs of th
cognitively guded in the final year compared to the first. In fact, the beliefs of over half the

teachers were at level 4 by the end of the study.

The work of Fennema and colleagues (1996) indicates that learning about the principles
of CGI and using those principlesthe classroom had a significant impact on the instructional
decisions and beliefs of teachers. Bowman and colleagues (1998) extended this research by
expressing the need for lotgrm support for teachers as they try to implement CGI. Using a
previoudy validated beliefs scale (Carpenter et al., 1989), these authors measured the beliefs of
the teachers before and after they participated in a-ttag€ Gl workshop. Although the overall
belief scores increased from the beginning to end of the initikkskiop, the authors+e
measured teacherso6 beliefs and found that the
occurred despite extensive support from university educators visiting participants monthly and
project staff visiting with participantsnce per semester. It took two years of implementation for
belief scores to fully recover, highlighting that CGI training and implementation are a process
not achieved quickly or without ongoing support.

Research has shown that CGl is not designed as-einoe workshop training. Rather, to
achieve generative change requires a deep acquisition of knowledge and teaching skills that are
developed over time through extensive practice, reflection, and ongoing adjustment.
Furthermore, teacher change is mommtjust learning a discrete instructional practice and using
it with students. Instead, teacher change is an ongoing process that can be adjusted, grown and

applied with a wide variety of students, where teachers build onto their understanding of student
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thinking through practice (Franke et al., 1998). This suggests that teachers would benefit from
professional development that happens in their classrooms, with continual opportunities for
practice and this is a reason | propose an educative CGl GuidehddikioAally, many CGI
studies suggest that groups of teachers working together to discuss student solution strategies and
the process of teaching through CGI is important, as there is evidence that this type of
collaboration leads to loatgrm instructionbchange if teachers are engaged in inquiry on their
studentsdé6 mathematical thinking together. Thu
analyze their studentsodé thinking beyond exami
that talking withstudents and eliciting details about their thinking is critical for teachers to
engage in practical inquiry (Steinberg et al., 2004; Franke et al., 1998). However, just as teacher
change and learning can occur with other teachers, the components ob@i@¢ mpportunities
for teachers to engage students in rich discussion about their thinking and to learn more about
how they think about problems and work with numbers. Through practice, teachers can learn to
listen for details that help them understanel tinances of how children think and problem solve
They carbring this knowledge back to a teacher group to further unpack and make siénse of
2.6.19Selidirected learning through CGI Educative Materials

So far, | have discussed CGI studies that mostly oeduhrough a CGI professional
development with groups of teachers, but schools may not necessarily offer this type of training
nor may these professional developments be available locally. However, as previously noted,
CGI training t hdiefsandpmreiaes requitesecagoihgeengagémebt that is
highly connected to teacher practice. Thus, another option for teacher professional learning about
CGl could be through educative curriculum materials. This type ofigelfted learning can be

moreaccessible to teachers, as it can be done independently.
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Educative curriculum materials are designed to support teachers as well as students in
their learning (Land, Tyminski & Drake, 2015). Collopy (2003) found that curriculum materials
can be an effente professional development tool for some teachers. In her study, teachers used
TERC Investigations (1998.996)which is a curriculum with some strong similarities to CGl, as
it emphasizes problem situations and studievented solution strategies. To support teachers in
their own learning, TERC units, lessons, and activities include sections informed by questions
teachers had during field tests of the TERC c
Unito and ATeacher Notes. o0 It also has @ADialo
dialogue of a class discussion. Additionally, in TERC, classidgons are a major component.
One of the two participant teachers in Collop
instruction after closely following the materials for a school year, where the teacher became
much more open to multiple means of sndvproblems and allowing the students to come up
with those strategies. The other teacher in the study did not experience such a shift and the
contrast highlighted the impact of beliefs as teachers undergo any structure of professional
learning. The teadr who changed sought to make her mathematics teaching more fun and
Airel axedodo (p. 304) and to provide activities
experience as much instructional change had very strong viewpoints on procedures and quick,
correct answers as the meaning of mathematics (p. 295).

Both educative and refororiented curriculum materials can also prompt teachers to try
out instructional strategies that tboeyeotbkbdow
texts are similato educative curriculum materials in that they are intended to help teachers make
instructional shifts albeit usually specifically to studeahtered practices. Remillard (2000) also

studied the effect of reforrariented textbook adoption and found tfatteachers who tried
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something new, if they persevered even when it was not immediately successful, they often
adopted new, more progressive teaching strategies. For example, one 4th grade teacher tried a
AProblem of the Dayo xtlmgementing the pfoblennofitheiday wastae n e
beginning of class activity that students were to do independently without first seeing teacher
instruction. At first, the teacher found the problems to be unusual, as they felt they were too
difficult for the students who were not used to problems structured in these ways. The teacher
often ended the problem of the day by showing the students their method, typically involving a
computational algorithm. But by halfway through the year, their perspective orotiierps of
the day change significantly. The teacher continued using the problems despite the lack of
success in the beginning, as they described w
p. 336) and found that students improved and gainefidemce and eventually wanted to share
and compare strategies. While both teachers in the study changed either their instruction,
understanding of mathematical concepts, or both, it should be noted that they also missed
opportunities to experience reforoniented instruction. How teachers read the new curriculum
materials and what they chose to read in the text was shaped by their personal views about
teaching and learning mathematics, again calling attention to the importammetofe a c her s 6
read ECMs.

Land, Tyminski, & Drake (2015) found that pgervice teachers most likely will not read
ECMs in educative ways (p. 24) and went onto suggest that the educative features in curriculum
mat erials could be made more expgliyoi commuough
Atheir intento (p. 26). Il n fact , Investigagonsf i r st
and | did not know that it was intended to be educative for the teacher until | undertook this

literature review. This implies thatedher s may benefit from the aut
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explicitly stated. Teachers would also learn more from highly specific examples. Ball (1996)
suggests fAconcrete examples of what student w
for that work(e.qg., rationales for student thinking) and ideas about how other teachers have
addressed this type of student work (i.e., next steps with students) (p. 8). TheTiERGUM
did not necessarily supply the fuggpseedbyf i c pr om
Drake, Land and Tyminski (2014). Thus, we know teachers are not likely to naturally read
educative curriculum materials for professional development, but these curriculum materials
need to be explicitly structured to engage teachers in edecadys.

Self-directed learning is one type of professional development that has certain benefits
that are not necessarily present in traditional district directed or mandated ROireSxé¢d
learning could be networking online (e.g., participating incadior specific social media), online
research, reading educative materials or any means of seeking out skills and information relating
to i mproving oneods t e a-difedtedIgarnersiathattheya@e A f eat u
personally motivated and thisotivation is internal and occurs for a variety of reasons. For
instance, Mushayikwa & Lubben (2009) found that when engaging dlisetited learning,
teachers are motivated by seven main concerns: perceived professional identity, career
development nets, theoretical and content knowledge, practical knowledge and professional
skills, pedagogical content knowledge, professional networking and benefits to themselves and
their students. The reality of many schools is that it is not always possible tdegpnoganingful
professional development that will help teachers to address these concerns (e.g., Collopy, 2003;
Davis & Krajcik, 2005; Mushayikwa & Lubben, 2009). School districts do not have unlimited
funds and some districts, especially rural ones, aréonated in close proximity to a wide

variety of experts and training opportunities. Many districts rely on staff within their district to
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provide much of the needed PD making teachers
dependent on the expertisktioeir local staff, which can often vary as employees come and go

from a given school district. However, to combat this, educative curriculum materials can spark
teacher learning and change without the support of outsiders such as professional trauiers (D

& Krajcik, 2005).

2.7 Summary

CGl is an effective professional development program and instructional strategy that can
i mprove both studentsd mathematics achievemen
knowledge for teaching. Additionally, CGl @ excellent way to provide equitable opportunities
for all students to develop deep conceptual and procedural knowledge and for teachers to meet a
wide variety of learning needs in their class. In@agalyzing Changevebinar presented by the
National Cauncil of Teachers of Mathematics, Wilkerson & Berry (2020) stated that,
AMat hemati cs instruction in early childhood a
memorizing basic number facts and following procedures at the expense of developing deep
conceptual understanding. o6 The 8 practices emp
discourse, build procedural fluency from conceptual understanding and really do the thinking
and work for themselves. CGl is one way to take action on these practices.

At present, there is not a CGl text or curriculum product that is both a curriculum for use
with studenteandt hat contains the el ements present in
well as other educative features shown to be effective for teachetberfwore, because CGl is

something that takes a great deal of ongoing support through the year that teachers may not have
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access to, a text like this would be beneficial for the field of mathematics teaching and learning.
This curriculum product would pwide a series of word problems that are aligned with the goals

of a specific grade level but also contain detailed information about how to elicit, notice and
utilize student thinking throughout the lesson. Additionally, a curriculum product like thislwoul
allow teachers to build knowledge of disciplinary discourse through clear discussion prompts and
rationales and would be designed to help teachers build deeper content knowledge in
mathematics as they closely examine student exemplars oflgredestanlards. Through

frequent practice, with the support provided by the curriculum product developed in this
dissertation, teachers will have an opportunity to see their students problem solving in ways that
surprise them and will ideally gain enough knowlettgeugh the year to be able to continue

CGl and adapt problems to fit their students?o
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Chapter3-Met hodol ogy

The purpose of this chapter is to describe the process of qualitative content analysis used
to gain a deeper understanding of the most common elementary mathematics teaching
curriculum materials that school districts make available for teachers to dgkwier level
content. This is an important step in developing a curriculum product as it is important to know
the strengths and weaknesses of what teachers have access to and to understand what may be
missing in terms of CGI and discussibased alignmentra resources. This qualitative content
analysis will focus on K6 mathematicsoreresource¢ i . e. , a f ul | curriculu
manuals and student materials) that a school might adopt with the expectation that it is utilized
with all students.tlis not possible in the scope of this project to evaluate the myriad materials
available online to teachers (e.g. education blogs and websites, Pinterest, Teachers Pay Teachers,
Scholastic Teachables and other paid subscription programs), so the p@ithasaralysis is to
create a picture of the materials teachers are likely to be provided with from their school district
and what educative supports those include to implement the principles of Cognitively Guided

Instruction and the 5 Practices of Ordnatng Productive Mathematics Discussions.
3.1 Research Questions that Guided Development of Coding Framework

Therefore, the purpose of this dissertation is to understand the strengths and weaknesses of
curriculum materials currently used in elementary nratitecs and to developfast-grade
mathematics guidebook for teachers that is designed for supporting both teacher and student
learning. With this purpose, | need to know what kind of support they are provided with in the
teacher 6s ma n uwad ireplemdntahe pregrams tlzeir schoblsoare using and it is
necessary to identify how extensive the textbook guidance is (i.e., does it include examples,

drawings, scripts, possible student strategies, misconceptions, how to address misconceptions,
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how 0 facilitate a discussion or other supportive features?). In order to understand these
materials and how they might support a teacher to understand and integrate the principles of CGl
and productive mathematical discussions, the following research gsestoa identified:
1 To what extent do widely used elementary mathematics curriculums provide student
learning opportunities consistent with the principles of CGI and the 5 Practices?
1 To what extent do widely used elementary mathematics curriculum sugachers in

understanding the principles of CGI and the 5 Practices?

Findings from these research questions will drive the overall purposis dfgbertation
which isto identify the extent to which teachers are supported to imple@@hand the
principles of CGI through their districtds ad
Guidebook thaserves as both a curriculum resource for use with students asoluacefor
teacher learningn essence, these questions sedintbout how frequently students experience
learning opportunities such as opemded problem solvinigy using their own thinking and
strategiesand also to understand the extent of the stppovided to teachers to understand and
utilize student thinking during these problem solving lesshinis important to understand how
much guidance teachers are provitledughout lesson® not only allow students to solve
problems independently bta bringstudentideas back together angde them tdacilitate a
whole-class discusen thatfurthers mathematical understanding. These research qudstipns
to understand what is currently present@mmon mathematics curriculum products in order to
inform thedesign of theCGI Guidebook.The Guidebook will require more suppostsch as

examples and explanatiomsareas whereommon curriculum products lacked support
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3.2 Resource Selection Process

The state of Kansas recommends using EdReports during its mathematics curriculum
adoption process (Kansas State Department of Education, 2012). EdReports is an independent
nonprofit whose mission is to, @i nandlealeasto t he c:
seek, i dentify, and demand the highest qualit
is very little research on exactly how school districts go about adopting a new curriculum series
and the factors that drive their final dg&ion; however, EdReports is a free resource open to all
and is widely used to aid in the selection process.
EdReports Process
In determining the quality of a given mathematics curriculum, EdReports trains reviewers
to use a process of thrgatewaygo aralyze how well a product meets their expectations. The
gatewaysare as follows:
1 Gateway 1: Does the product assess grade level content and give students ample work
with grade level problems? Is it well aligned to the common core state standards?
1 Gateway 2Is it aligned with the CCSS for rigor and mathematical practices?
1 Gateway 3: Do the materials support teachers to use the curriculum fully, understand the
skills and learning of their students and support the learning of a wide range of students?
Forawrriculum product to be reviewed Iin Gatewa)
Gateway 1. To be reviewed in Gateway 3, the ¢
and Gateway 2.
3.2.20Resources Selected for Analysis
Nine elementary mathematics aatdum resources that met expectations in all three

gateways were selected for analysis in this study. The following resource list captures a snapshot
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of the commonly used products in elementary classrooms, which is important to be able to look
at what mosteachers are very likely to have in their classrooms currently and be able to gain a
sense of what is missing. The nine selected curriculum resources include:

1 enVision Mathematics Common Core (202021)

1 Eureka Math (2015)

1 HMH Into Math (2020)

1 i-ReadyClassroom Mathematics (2020)

1 Zearn (2018)

1 Eureka Math (201-2014)

1 Ready (2017) (Curriculum Associates)

1 Math Expressions (2018)

1 Bridges In Mathematics (2015)

Two resources were then eliminated from this list. First, Zearn is a fully online, interactive
curriculum with teachers on video. Because classsamploying CGI attend to social
constructivism, classroom discussions, anthmmoment instructional degens, an online
curriculum that is more independent on the student's part does not align with the principles of
CGl, the practices for engaging students through orchestrating productive discussions, nor
educative features that support teacher learningitidddlly, there are two editions of Eureka
Math that passed the EdReports analysieir 2015 version, as well as 202814 edition.

Eureka Math is a free, open educational resource that any teacher may access online. The 2015
edition is freely availalel to Eureka users and ostensibly updated and improved from the 2013
2014 version, so | did not see the value in analyzing the-2013 edition and eliminated it as

well. However, the 2015 edition of Eureka Math was included for analysis.
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3.3 Research Design

3.3.21Resource Collection and Overview of Analysis
|l procured the teacherds manuals from all
grade curriculum. Bridges and Eureka Math were PDF copies that | read online, while the rest
were physical books. | reaghch curriculum resource using the same, iterative process. First, |
began by reading the introductions and going through a few lessons to understand the structure
of a lesson. In the introductions, | read about the various components of the curfmum,
they are to be used, when and for which students. To understand the structure of a lesson |
examined how a few lessons were intended to be implemented in a classroom, specifically
looking for what the teacher was being asked to do with the whole ©lass. felt | understood
which parts of the lesson were core, whalkss instruction, | read each resource, legsen
lesson as presented, looking for a word problem and following the procedure outlined in the
coding frameworlandcoding processlescribe below. | scored each lesson individually and
then will use the results of the®ding proces$o interpret strengths and weaknesses of the
common curriculum resources.
3.3.22Qualitative Content Analysis and Coding Framework
Qualitative Content Analysis (QCA)avs used t o analyze the text
describing the meaning of qualitative materia
flexible approach that can be applied in different ways. Here | used the systematic method of
coding indivdual lessons to make sense of the curriculum resources as a whole. Specifically, |
used three elements to guide my analysis, searching for evidence of CGl, student engagement

through whole class discussions, and educative curriculum features (Figureh®.&ducative
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features searched for within the texts are those that support teachers to lead an engaging

discussion and to implement the principles of CGI prokseiing.

ol

Educative J4 Codlng

Features
~ | Frame

Engagement .
through A
Discussion

Figure 3.1. Elements of coding framework

3.3.23Implementing Coding Framework

The following procedure was used to fully read each curriculum resource, one lesson at a
time. Figure 3.2 is a sample after coding a set of lessons. | beganhestag left cell and wrote
the name of the lesson from the resource. Next, | worked across the shéetidéit, coding
each lesson for eleven elements broken into three groups. These three groups are influenced by
CGl and the 5 practices for fatdting discussions. To examine evidence of CGlI, | looked for
word problems and for the extent to which students are solving the word problem using their
own ideas, rather than after direct instruction (e.g., practice word problems after a skill is
introdued and practiced). | also looked for evidence of student thinking being elicited, for
evidence of the teacher attending to and using student thinking (i.e., monitoring, selecting,
sequencing), and | looked for evidence of a class discussion around #tirgkény about a
word problem (connecting). This framework also helps to identify educative features for the

teacher throughout the text. For example, | looked for examples of possible student strategies,
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descriptions of connections between those stratexgavell as questions or sentence starters to
help the teacher lead a discussion about the strategies that would also highlight the mathematical

goals of the lesson.

To what extent are the principles of CGI present in the textbook?

What supp and jve fe are present to help a teacher implement the principles of CGI?
Notes: The word "elicit" used frequently but not dire
Student thinking is elicited Teacher attends to student thinking Class discussion revolves around student thinking
Workbook text
features - Students
represent problem The students share Teacher is provided
in their own way how they solved to  with support to
(The problem Support Is provided the whole class lead a connecting
Teacher asks includes no feature 1o help teacher while the teacher  discussion about
students that would aid Teacher is provided make mathematical represents the student
questions to Students are not students in solving  with instruction on  connections Teacher is students’ strategies: There is no
Students are assess and support directed to solve in |such as a picture or student strategies  between different | instructed to bring  Teacher is stratogies large  questionstoask  instruction to the
invited to solve understanding of any particular way. | partial number 10 look for with the  student strategies | students together  instructed to share  enough for the class, questions o teacher to share
contextual (word)  the action and Students are told to | sentence, not purpose of sharing  while looking for | for a class only student whole class to see  ask student thelr own strategy
problem that is context of the solveinanyway  |including those with the rest  and selecting discussion about  strategies during  2-Drawing sharing, sample  or a strategy
provided in text problem they choose. directions) of the class strategles the strategies this discussion 1-Explanation only dialogue, etc provided in the text.
Unit 2, Lesson 1 2 0 2 2 0 0 0 0 0 0 2
= ~ ~
Unit 2, Lesson 2 2 0 1 2 0 0 0 0 0 0 0
. AL
Unit 2, Lesson 3 2 0 0 0 0 0 0 0 0 0 2
" Al “ N
Unit 2, Lesson 4 2 0 0 2 0 0 2 0 0 1 2
Unit 2, Lesson § 0
. ~
Unti 2, Lesson 6 2 0 0 2 0 0 0 0 0 0 0

Figure 3.2. Sample of outcome from pfication of coding framework.

3.3.24The Coding Process Stejpy-Step

The following stepby-step process will explain how | read and coded each of the seven
curriculum resources for evidence of the eleven elements. These same steps were repeated for
each individual lesson and in the same order each time. Figure 3.3 huiiifig®the process
and each step in the coding process, along with each element, is described below. After finishing
reading a lesson, | started back at the beginning of the process for the next lesson in the

curriculum resource and continued until afidens in the resource were coded.
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11. Wrap up:
Determine
10. Look for whether or not

How is student
thinking elicited?

support teacher is lesson ended with

given to lead
connecting lemonstration,

teacher

0 what extent

does the class

discussion revolve
around student 9. Determine
thinking? whether or not

student strategies

are made visible to

discussion

class

Process repeats for
each individual
8. Determine if lesson

only student

strategies are
being shared
uring discussion,

7. Look for
instructions for
teacher to
facilitate a
discussion

How does the
teacher attend to
student thinking?

Figure 3.3. Steps in the coding process

How is student thinking elicited?

Step 1: Look at the wholeclass lesson and identify one problem that most aligns to
CGI. To code the problems, first, key features were identified that tied back to CGI: (1) context
that Ainvolves situations t haand(@willldadtot s can
Acompl ex problem solvingo (Carpenter et al
situations that lead students to consider joining, separating, comparing or creating groups to
solve addition and subtraction problemsrfi&ter et al., 2017). If a lesson contained a problem

with these features, it was scored as 2, if it did not, it was scored 0. Lessons could be coded 0 or
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2 in this step only, never 1. The purpose of this step was to determine if there was/peCGl
probdem in the lesson in order to determine the need for further coding. For this reason, the
problems were either included or excluded (0 or 2). Figure 3.4 shows sample word problems
appropriate for CGl. These problems include supports such as contestsideaits can relate

to (cookies and dollars), actions that they understand (eating and buying) and

Eliz had 12 cookies. She ate 5 of them. How many cookies does Eliz
have left?

Eliz has 5 dollars to buy cookies. How many more dollars does she
need to earn to have 12 dollars?

Eliz has 5 dollars. Tom has 12 dollars. How many more dollars does
Tom have than Eliz?

Figure 3.4. CGIl word problems (Carpenter et al., 2015)

people that they can imagine. | suggest in migegjuook that teachers use the names of students

in the class. Tables 3.1 and 3.2 show problems from some of the textbooks that were coded as a
contextual word problem, similar to those in the CGI book, and examples of problems that were
not coded as contexal problems to illustrate the differences and how these problems were

selected for further coding.

Table 3.1. Examples of contextual word problems.

| Problem | Reason for Inclusion
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@ Has relatablesealworld context and
' s numerical answer, no picture to
BUIld Understandlng @ .o inhibit complex problem solving.
The Beach Shop has 30 adult sunglasses :.

and Y0 child sunglasses. How many |

sunglasses does the shop have?

E3 How can you show the problem?

Into Math, Module 12, Lesson 1

‘ S Has relatable, reatorld context and
. Name | Lesson 2-8

Sl Solve Word numerical answer, no picture to
Some more fen i hem & (Foetstoto inhibit complex problem solving.

Now there are 10 fish.

How many fish joined the grou s e
equations 10 help solve
word problems.

Draw a picture.

See margin for sample student work.

Envision, Lesson 2-8

To be coded 2, the students must have been presentedowitteatual problem that
sought a numerical answer so | excluded probl
the numbers were already presented to them. | also excluded problems that included a picture

Table 3.2. Examples of problems not coded as contextual word problems
Problem Reason for Exclusion
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Use What You Know

Add and Regroup

O] explore 1t ]
Buzz and Boom each find 16 + 8.
Buzz said he added 16 + 4 1o make 20
and then added 4 more.
Boom said he broke 16 into 10 and 6.
He added 6 + 4 1o make ten, added 4 more,
and then added the other fen.
Show each strategy. Find each sum.

/,; I LA IR TN AL LT

E Buzz's sum: 2 Boom's sum: 24
Ready Common Core, Lesson 25,
Day 1

imagine and relate to.

Does not involve a context students can ea

SESSION 2w @

Develop Adding Two-Digit Numbers

How many marbles in all?
35 marbles 27 marbles

sso_ 00 I
sse® 0% ee®e e
. v
see_r0_0e see 00 @
sio%00® i Yee®e
LAALS Possible student work: a Math Toolkit
PSR «+ base-ten blocks
« hundred charts
35 marbles 27 marbles « number bonds
I | | | E « connecting cubes
“Hl 4 50+10+2=62
50 102
Sample B
27
?T”.....,. DISCUSS IT
) e W R Y T To find the number
35 45 55 56 57 58 59 60 61 62 ofmorbles,1.
62 marbles started by ...

Ready Classroom, Lesson 29, Session 2

Picture inhibits complex problem solving

that must or could beelied on to answer the question. For examegt beads and 3 yellow

beads. How many beads in al? wi t h

a picture
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to solve (Ready Common Core, Lesson 1, Day 3). Or larger quantities such as the thmatrbles

can all be counted in the figure above. These types of pictures may hinder the complex problem
solving that CGI teachers need in order to select from a variety of strategies and lead an
engaging discussion because many students will simply couabjbets on the page and will

not think for themselves about more efficient and creative ways of putting together the numbers.

I also excluded problems that were present
of a number larger than 26 but smatleh an 28. What number i s he thi
back to the A5 Practices. 0 The problem needed
and teachers must present a problem with a wide variety of possible solution strategies. In the
anticipate stage of the 5 practices, the teacher thinks of as many strategies as they can to solve
the one problem. If there truly are not very many, this is not a great problem for a CGI lesson.
Problems that called on students to analyze math errors were elisdegkas in the example
from Envision, lesson-8 above. Some students may have known that Lidia was wrong because
the pet store only has 9 frogs and did not directly need to join numbers. In this case, students are
thinking about sandmisunderstanding,dui €Gl digcussonseare yeally
about the joining, separating and comparing strategies of the students in the classroom.

Searching and selecting problems

In the core, whole group lessons, | first searched for any specifpraliyembased
section of the | esson. For exampBased&nWVeasioinn
and I nto Math frequently included an open pro
If I found that that section did include a context problem it the criteria, the first part of my
coding frame, | only looked at that section because it was dedicated to the type of lesson | am

looking for while the rest of the lesson is more focused on a standards objective and content
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development around thatjoke ct i ve. The AProblem Based Learni
aligned with my research question. If | found that it actually did not include a context problem as
the basis for the section, | looked at the rest of the lesson to find a context problem, agai
excluding centers, enrichment or small group tasks and homework and assessments.

Step 2: Look for how the teacher supports students to understand the context and
action in the problem. What di d the teacherds guide provid
undestand student thinking and support students in understanding the context and action/math in
the problem? | first looked fawhetherdthere was any discussion that would support students in
comprehending the word problem. Were they asked to retell theeprals asked questions
about the context of the problem? The following is an example of teacher language that fully
supported the students in understanding the <c
of the numbers describe? What math questiona¢ d you ask about the pro
Some |l essons included | anguage that partially
example, students were only asked to retell the problem.

Table 3.3. Codes for support to understand the problem

Supporting Students to Understand the Context
Score Description
0 No support for students to understand the problem was provided
1 Some support was provided: Students asked to retell the problem
2 Supportipr obl em specific: fAWould there
(Envision, Mod 1, Lesson 8)

Step 3: Look for whether students were directed to solve using a particular strategy

or encouraged to use their own strategyDuring this step, | looked for the extent to which
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students were encouraged to solve in ways they thought of on their own. | looked for whether
students were instructed to use a particular strategy that they had learned during that lesson or
previous lessws. | looked for instructions to encourage students more indirectly by suggesting
strategies. | also looked for if students were not given any directions for how to solve or
explicitly told to solve the problem in whichever way they choose.

Table 3.4. Codes for students being asked to solve using their own ideas

Score| Description Example
0 Students were Teacher Today, we are going to be solving some Popsicle problems.
told to use a . : : :
specific Let’s do the first problem together. I'll read it aloud, and you listen
strategy to carefully. Ready to listen? "Sage has 2 green Popsicles in her left hand
solve and 4 purple Popsicles in her right hand. How many Popsicles does
she have in all?”
Before we solve this, let’s write an equation to match the story. Any ideas?
Ask students to model and solve the problem on their number racks, and
record the answer on their whiteboards when they're finished. After they've
had a little while to work, invite a few students to share their solutions and
strategies with the class.
Bridges, Unit 1, Module 3, Session 1
1 Students may 2 N B i
be led to a ample Guided Discussion:
particular @ What information are you asked to find? how many
St_rategy blj't fish are green
without being
e?(pIICItIy Q How do the counters help organize the information in
directed

this problem? Possible answer: They show the total
number of fish, 14. The 5 counters that are crossed out
show the fish that are orange. The other counters show
the fish that are green.

Attention is drawn to counters but explicit direction to use them i
not present.

Into Math, Module 4, Lesson 6
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2 Students are
asked to solve
the problem
with no
instruction on
howtodoso. [AiMat h Dr awi n gended. slowgverimany lessqne aod
Could be as 2 had no directions for solving at all.
encouragedo
use multiple
strategies or to
use the tools
available to
them however
they choose. [ Eureka Math, Module 2, Lesson 7

Stacy made 6 drawings. Matthew made 2 drawings. Tim made 4
drawings. How many drawings did they make altogether? Use a
drawing, a number sentence, and a statement to match the story.

How is the teacher instructed to attend $tudent thinking?

Step 4: Look at the workbook text features.Look for what is provided to the teacher
and how open or empty the student workspace is. How much student thinking is elicited or
afforded? In the previous example of the marbles that can all be counted, everything a student
would need to count and solv@at problem is already present on the page, so | did not count that
as a CGaGlI problem and go further i nto the codi
Feature code was slightly different. In this case, there was a picture that could be used to solve
some of the problem but stil!l more of the thi
problem in the table below, the student must still think about the difference between 6 and 8.
Those 2 basketballs are not present to be counted. To be cal&mbllwas present such as an
empty 10 frame or a number line (with or without numbers) but there was no indication of how
the student should use that tool. Or, there was an empty equation, indicating an operation but
with no numbers present.

Table 3.5. Codes and examples of student workbook text features

Workbook text features did not lead
Score [Description [Example
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Image can be used to solve the pr0b|em_ € Greg has 8 toys. He puts some away. Now there are 6 toys.
the problem cannot be solved without the| ~ Howmanytoysareputaway?

0 [image. Or, directions for solving or examy 8 —*=°¢ 000000 |
was provided. Or, incomplete number —2_toys are put away.

sentence is provided.

Ready Classroom, Lesson 7, Session 4

Solve problems 1-6. Show your work.

@ There are 13 people on the bus. 7 people get off. How
many people are on the bus?

A tool is provided but without enough 15T T LT
1 support to solve problem, egnumber ling|  ressiblework7+3 = 10,1043 =13
with no indicator of where to start or stop —8_people
COou nting @ Kay has 15 pecans. She eats 8 of them. How many

pecans are left?

167879 [10[11]12]13[14]15]

Possible work: 15 - 5=10;10-3=7

_7__pecans

SESSION 1

LESSON S £XPLON

There are 5 children. There are only 3 rain hats.
How many children will not have a rain hat?

Check children’s drawings.

5 Students are workingnoan empty (open) /// //
page. / /s /
J /]
Ad

g

2 _ children will not have a rain hat.

[ 166 |
Ready Classroom, Lesson 8, Session 1

Step 5: Look for the presence and intent of student strategieAre examples of
possible student strategies drawn or described? What was the intent of the provided strategies

to help the teacher identify misconceptions, become aware of types of strategies to share out with
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the class, or some other purpose?

Table 3.6. Codes for presence of example student strategies

Example Student Strategies

Score| Description

0 No potential student strategies present.

1 Teacher is provided with strategies, but their intent is unclear. Or, the intent is fo
teachers to understand misconceptions or to check for student understanding.

2 Teacher is provided with drawing or description of possible student strategies wi
intent for the teacher to share these types of strategies.

Step 6: Look for support teachers are given to make sense of the student strategies

If there were student strategy examples present, | looked for the extent to which the text

explained the connection between the strategiesv they are similar or different or

mathematically related. | also lookedndtetherthe text gave suggestions fwhich types of

strategies might be best to share out and in what order (selecting and sequencing).

Table 3.7. Codes for teacher support to connect strategies.

Table 3.7. Codes for teacher support to coonstrategies

Support for teacher to make connections between strategies

Score| Description

0 No connection is made between potential student strategies in the previous sect

1 Minimal connection is made.g.,it is pointed out that two strategies are similar bu
does not explain in what ways they are similar.

2 Text explains a strong sequence to share out these strategies and why, referring

mathematical similarities between the different strategies.
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To what extent is the teacher provided with support to lead a class discussion that revolves
around student thinking?

Step 7: The teacher is instructed to bring the students together for a whole class
discussion.If this step received a 0 because theas no class discussion, the next 4 steps also
received a 0 because they are all parts of the class discussion. A 1 was coded in this section for
instances where there was a class discussion abquiotblem,but it was not about the
strategies. For exgnle, after students solved, the teacher was instructed to draw their attention
back to the context of the problem or compare the problem to a previous problem the class had
solved.

Table 3.8. Codes for clasdiscussion

Teacher is instructed to hold a class discussion

Score| Description

0 Teacher is not instructed to hold a class discussion after students solve.

1 Class comes together for discussion about a topic related the problem but not st
strategies

2 Class discussion revolves around students sharing their strategies.

Step 8: The teacher is instructed to share only student strategies during this
discussion.The purpose of this step was to further code how focused the discussion was on
student strategies. To be coded 2, the entire discussion was stetsted and fosed on
students sharing how they solved the problem with opportunities to answer questions from their
teacher and peers. To be coded 1, it was somewhat focused on comparing and understanding

student strategies but was also used for the teacher to intrmddiseuss a tool (number rack,
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number line, 10 framestc) or strategy not presented by students.

Table 3.9. Codes for student strategies as focus of discussion

Class Discussion focuses on student stragegi

Score| Description

0 Class discussion is not about student thinking/strategies OR there was no discug
per the previous step.

1 A tool is discussed (e.g. rekenrek, number line, hundred chartplt was used is
demonstrated/explained by students

2 Discussion revolved around students sharing strategies that they chose on their

Step 9: The student shares their strategy while the teacher represents their work for
the whole classtose&Va s t h e sategy drawn br&amelow displayed for the rest of
the class to view? One job of a CGI teacher is to make student thinking visible to others. In this
step, | coded a O for instances when student work was not shared, 1 when students explained
their thinkingto others only orally and 2 when the teacher was directed to visibly display the
work digitally or on the board or chart paper while the student explained their work.
Table 3.10. Codes for representation of student work during discussion.

Table 3.10. Codes for representation of student work during discussion

Student Work Representation

Score| Description

0 Student work was not shared.
1 Students explained thestrategy put it was not made visible to others.
2 Student explained strategy while teacher represented the strategy large enough

class to see (by drawing or showing their work using document cagte)a,
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Step 10: The teacher was provided witlsupport to lead a discussion that makes
mathematical connections between the strategies and helps make thinking more visible to
other students.Were questions provided to ask the students sharing as well as the class? Were
these questions intendedtodraw udent sé attention to the simil
the strategies?

Table 3.11. Codes for teacher support to connect strategies during discussion

Support for teacher to lead a connectigrussion

Score Description

0 No discussion questions or guidance present.

1 Discussion questions to ask student sharing or the class are present.

2 Discussion questions for both the presenting student and the class are pi

The questions draw t u d attantion o the mathematical connections

between the strategies presented.

Step 11: The teacher was not instructed to end the lesson by demaatihg their own

solution strategy.l coded the fAwrap upo of the | esson se
of how the discussion was coded, | looked at the ending of the lesson to see how the lesson
objectives were tied together and highlightedhsy teacher and if the wrap up was more or less
studentcentered than the rest of the lesson. | hypothesized that some lessons that had been

focused on student strategy solutions may still be wrapped up with teacher led instruction.

Table 3.12. Codes for lesson wrap up

Teacher demonstration during lesson wrap up

Score| Description

0 Lesson ends with teacher demonstrating a strategy to solve problem

1 Additional ideas are suggested (dfigdow coul d Avery have
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2 Lesson is wrapped up with discussion of student strategies and/or the problem ty
context or equation to match the word problem. Teacher does not share or sugg
own or textbook strategies.

3.4 Reliability

To test for reliability of this method, | recoded 5% of these lessons myself. | did this
process 11 months after coding the first time, so my memory of individual lessons was very
limited. | numbered each lessamthe order that they wereiginally coded and used a random
number generator onlieandomlists.com) to seled¥ lessons which represents 5%lef 939
lessongoriginally coded. These 47 lessons were a wide, random variety sampling all 7 of the
productsl then created a new lissing those 47 lessons on a spreadsheet that was an exact copy
of the coding framework r i gi nal ly used and went through th
the lessoa

The Kappa Statistic or fiCohends Kapmpao is
also be used when the same rater has rated twice and that is what | did in tiid®ega#pose
of Cohenbés Kappa is to measure the etothent to
same variable but it also accounts for chance agregiMehtugh, 2012)It can also be used
measure reliability of a single raterintrarater reliability.

Cohenods Kagapaue that randjas &rath to 1where 0 represents chance
agreement and 1 represents perfect agreemaile 3.13 showshow Cohen suggested the result
be interpretecdccording to McHugh (2012yho also notes that scores below 0 are rare in

practice
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Table 3.13. Kappa agreement levels.

Value of Kappa Level of Agreement
No Agreement
0.0110.20 None to Slight
0.2110.40 Fair
0.41 0.60 Moderate
0.6170.80 Substantial
0.811.00 Almost Perfect

| used Stataa softwargrogramt o cal cul ate Cohends Kappa by
selectedlessofbs scores for bot h t hTbée Kappa Satisticdisd®3 ng and

indicating substantial agreement.

3.5Summary

In this chapter| describedhe process dfiow qualitative content analysisasused to
gain a deeper understanding of the most common elementary mathematics teaching curriculum
materials | detailed my coding framework and the steps of this process with examples and
explained how | checked for reliability of my methddhis wasan important step in developing
a curriculum product as it irecessaryo know the strengths and weaknesses aftwdachers
have access to and to understand what may be missing in terms of CGIl and didmasssion
alignment and resources the next chapter, | will discuss my findingsesent my CGl
Guidebook and explain hothe Guidebook helps to address somthefshortcomings found for

the currently available resources.
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Chapter4-Resul t s

In this chapter, | will first describe the results of coding tlvarficulum resource
products. Wwill then explain how my CGI Guidebook addresa lack of some of the feaes.
As stated in Chapter 3, the following questignsded the development of the coding framework
used to obtain this data:
1 To what extent do widely used elementary mathematics curriculums provide student
learning opportunities consistent with the prihegof CGI and the 5 Practices?
1 To what extent do widely used elementary mathematics curriculum support teachers in
understanding the principles of CGI and the 5 Practices?
Table 4.1shows the percentage of lessons in each resource that contained nie afives.
The purpose of this chart is to illustrate the percentage of lessons or days that a student might
experienceeachlesson featurd.also calculated an average for all resources for each of the 11
elements | looked for during the coding procdgss allowed me to see, on average, features
thatwere more often present than othéiise dategleaned from the content analysis process
informed the development of my CGI GuideboBl.becoming aware adlements that are
extremely lacking f or exampl e, fAsupportprdvidedin@mead connec
extensive support in the Guidebook, knowing th&t instructional strategy may not be
something that a teacher is used to seeing. Teachers mag actustomed toeing directed to

hold a connecting class discussion and will therefore require a lot of support to do that well.

Table 4.1. Average percentage of lessons containing each elemeodiing framework.

Average Percentage of Lessons Containing Each Elemeint Coding Framework

Student thinking is elicitec Teacher attends to student | Class discussion revolves around student thinkir
thinking
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Math
Expressions | 43.16% | 2.11% 18.95% @ 27.37% 5.26% ‘ 1.05% ‘ 16.84% 13.68% 2.11% 4.21% 30.53%
Ready
Common
Core 31.33% | 0.40% 10.44% | 3.61% 3.21% 0.00% 5.22% 4.02% 0.00% 0.00% 14.46%
Bridges 10.63% = 0.00% 5.63% | 8.75% 1.88% | 0.00% | 3.75% 3.13% 3.13% 0.00% 6.25%
Envision 67.92% | 3.77% 38.68% | 34.91% 26.42% 0.00% 30.19% 17.92% 30.19% 0.94% 25.47%
Ready
Classroom 48.19% | 0.00% 40.96% | 19.88% 19.88% ‘ 0.00% ‘ 25.30% 24.70% 0.00% 0.60% 26.51%
Into Math 67.35% | 24.49% | 45.92% @ 31.63% 0.00% 0.00% 25.51% 27.55% 0.00% 0.00% 60.20%
Eureka
Math 92.11% 0.66% 62.50% @ 90.79% 4.61% ‘ 0.00% ‘ 11.84% 8.55% 4.61% 0.00% 88.82%
Average 51.53% | 4.49% 31.87% | 30.99% 8.75% 0.15% 16.95% 14.22% 5.72% 0.82% 36.03%
(Mean)

4.1 Most PresentFeaturesof the Resources

First, | will discuss some of thredlements that had the highest percentages of presence in
the resourcen average, over 50% of lessons coded did have a contextual word problem. On
the high end, Eureka Math provided students and teachers with this type of problem in roughly
92% of lessos while Bridges included contextual problems in only 10.63% of lessons. This is a
wide range. A student in a classroom that has adopted Eureka Math might be solving this type of
problem nearly daily while in other classrooms, the teacher might be magedrohadditional
resources. My CGI Guidebook provides a problem in every lesson. This problem is the focus of
each lesson.

On average, i81.87% of lessons had a contextual word probdrare students were
directed to solve in whatever way they choosthere were no directions for the teacher to tell
students to solve in a particular wais is a key feature of my guidebook and CGI in general.

In fact, | would call this the most important element of CGI, that students choose how to solve

theproblemT hi s uncovers their thinking for the t
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g u i dTehid is one feature that was present more frequently than others but still nowhere near
enough. In my Guidebook, students are provided with this opportunity every day.

In 30.99% of lessons, on averageluded a problem using paper resources like a
worksheetthal i d not include features that might al-t
student solved on a blank sheet of papexhiteboard, or a worksheet or workbook that was
very simple and in no way supported them in solving the problenparticular way. A
counterexample mighte a worksheet with the objects in the story drawn and crossed out to
i ndi cate subt r ac tsheetrfor soling is Anothee keyfeatne préséntimevery
lesson in my guidebooKhis way, students carse their own thinking and draw or represent
that thinking without any guidance. The otityng present on their paper will be their own ideas.

In 36.03% of lessons, on average, the teacher was not directed to wrap up the lesson by
presenting a strategyf their own or the textbook. | hypothesized tthetre might be some open
endedproblemsolvinglessons that were wrapped wjth more teachecentered demonstration
Thatscenario happened infrequegntMore commonly, the whole lesson was centered arthend
teachetelling students how to solve or showing them how to solve in some way anasthat

continued through the wrayp.
4.2 Most Absent Featuresof the Resources

There weralso some features that were significantly absent from the resotineefirst
wassupport for the studesito comprehend the story problem. On average, only 4.49% of
lessonsncluded a story problem with full support in this area. Full support, in my coding
framework, mean8problemspecifi® so the teacher should have been piediwith at least one
guestion to ask the class that would prompt them to consider and discuss the context and the size

of the number that would make sense givengpecificcontextof the problemTo address this,
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my CGI Guidebook includes a problespedfic comprehension question for every lesson. After
the teacher poses the probldahey ask the students whether they think the answer will be
smaller or larger than a number in the story. This prompts students to discuss why it must be
larger or smaller whout discussing strategies.

Only 8.75% of lessons, on average, included example student strabegwesre
intended as examples of strategies the teacher might share with the rest of the claseaurbe
with the most of these, Envision, included this feature in 26.42% of ledsadress this in my
CGI Guidebook by including multiple examples of possible student strategies in every lesson.

This way, the reader has examples in front of thematteaspecific to the probleand the
numbers within the problem.

Another feature notably lacking from the resources codediwvasi pport t o f i nd
connections bet ween t h@nly8.15% afteesgns estainkdothis t he s h
feature on averagéWWhen coding, | was looking for explanations for hew u d stratéged
connected to one anothéfooked for twoexamplestrategies where students counted in similar
ways, countedonorbacdnade numbers Afriendl yo i dtwai mil ar
extremely rare to sebese connectiorexplicitly stated for teacherés previously explained, it
was very rare to see student strategy exangtleand this goes a step further with support
related to those examples. My CGI Guidebook incluttes/ings of multiple student strategies
for every lesson. It also includes suggestions for which strategies to select with a rationale for
how they connect to one another, the order they could be shared in and a sample dialogue
showing how the connectiohgtween them could bxear to students.

Also notablylackingwered i r ect i ons for teachers to repr ¢

all to see (average 5.72% of lessaas)l resourcerovided support to lead a connecting
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discussion about those strategf@verage 0.82% of lessonf).my CGI Guidebookteachers are
instructed to select strategies that they represent for the class to see on chart paper. A photo
example is provided fahis, and every lesson includes an image of what this could look like
along with discussion points and questidinat teachers can abbkth the sharing student and the
rest of the class as they are representing these strafHygesudent strategies and discussion
guidance are specific to the problem so a teachesee eactly what representing strategies and
holding a discussion might look like using the same problem they will be presenting to their
class.

Overall, there was nourriculum resource that consistently provided daily opportunities
for students to be presedteith a problem that they solvemh their own without textbook or
teacher strategy suggestions and provided the teacher extensive guidance to be able to select and
sequencsatrategieand ultimately facilitate a rich discussion about student ideadltiminates
connections between their idessdhighlights importangradelevel math concept€ureka
Math came the closest to doing this but still provided very little support, arppmd, in key
areasTeachers need resources that provide strong, consistent support to implement the
instructional strategies that are most important for developing student understahdng.
content analysis illustrated the need for a resource thatpsoteachers with the support to

enact CGI lessons daily.
4.3 TeacherFeedback

Other data that informed the development of the CGI Guidebook is feedback from
teachers. | received IRB approvalhave two 1 grade teachelisnplement the first draft of the

first five lessonsinthebookhi ch | cal | e (AppendiGA). THdieachers taughtt o
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the lessons and provided feedback in a suiBeth teachers reportedat they knew what CGl
was but had never used it before in their classrooms.
Both teachers reported that they did not read the entire lesson. One read the whole lesso

on the first day and then parts of the lesson on subsequent days. The other teacdy peaith

of the lessoneveryday.n my Gui debook, |l included a fAiHow

where | define and explain the importancendéllectual prep@ation.lt is essential that teachers
read the lessons in their entireggpecially in those first five lessorihere are elements to CGI

that are new to many teachers and must be fully understood before beginning. For example, one

teacher reported thath e di scussed student strategies duri

the beginning and had students begin sharing them out then. This is more aligned to a Number
Talk and is a very different process than Ctdachers must understand how importaist to

not give anything away in the beginning and instead allow students to work independently
Teachers need to see their thinking in order to select and sequence strategies successfully. |
added a portion in the directions of the Guidebook to exphgsnl also added a section

explicitly explaining toteachersiow to pose the problem without accepting student strategy
ideas and thidirectionis unique and specific to each problem.

Teachers reported that the most helpfaits of theCGI Mini Unit were the directions for
posing the problem, student independent work time and directions for how to facilitate the
discussionwhile the discussion questions themselves were reported to be unclear by one teacher
Consideringhis as well ashe results of the content analysis, the directions for facilitating the
discussiorwere made much more robust and related to the images of potential student strategies.

This way, teachersansee exactly when to ask questions and drawestud s 6 a &speetea t i o n
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of the math while representing student stratedibs. discussion questions are now more tied

into the directions for facilitating the discussion.
4.4 CGIl Guidebook

The CGI Guidebook Link to CGI Guidebookconsistf anintroduction overview, and

Module 1for the beginning of Stgrade Ultimately, Iwill develop thisintoafuk c hool year 0 ¢

resource that would includex modulesModule 1is a series of 25 lessons. Lessons 10 and 20

areassessment$.her e are fichapterso placed throughout

meant for teacher learnirggnce this is also an educadicurriculum product. The chapters are

placed strategicallwithin the module so that they will be relevant to teachers and applicable

starting in the upcoming lesson. For example, a chapter that teaches how assessments can be

used is placed before thedi assessment (Lesson 183%.teachers have likely gained proficiency

with certain elements of the lessons, those directions are eliminated ovefdmegample, in

Lesson 7, teachers are told for the final time how to prepare the chart paper for thellasson.

module includes manipitial directions that are necessary to get started but will not be included

in future modules. Instead, teachers Wwéllearningn future chapterabout more advanced CGI

instructional strategies such as supporting students to take more of a leadership role in the

discussionandow t o wutil i ze t hémdlgain, 20ld).e | taskso str
Standards are placa&dthe discussion so that teachers can become aware of the exact

types of questions and discussion prompts that can highlight important mathematics concepts for

studentsThis allows teacher to really see how standards can be tayigkking questions and

drawing students attention to the mathematical connections between student strategies rather

than more teacharentered instructiorin this module, ever¥irst Gradestandard under
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AOperations and Al gebr ai cl.NBh2aandil.BTg2b(Natisnaladdr e s

Governors Association Center for Best Practices, Council of Chief State School

Officers 2010).In future moduls, these will continue to be taught. All but five first grade
standards will ultimately baddressetdy using this Guidebook.hE ones that will not angart
Measurement and Data or Geometry and do not lend themselves well to CGI lessons. This will

be made explicit to teachers.
4.5 Summary

In this chapter, tlescribed the results tfe Qualitative Content Analysisf seven
mathemaits curriculum resources explained how those results informed the developmeat of
GGl GuidebookAreas that were found to be extremely lacking were given special attention in
the development process, providing more explicit support and guidance for teachers in those
areasl also explained how teacher feedback was used to inform iebddproduct Finally, |

presented a link tthe CGI Guidebookand briefly discussed some its features.
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Chapter5-Di scussi on

5.1 Summary

The purpose of this studyas to address the problem of lack of professional development
and support for teachers to implement Cogniyivguided Instructiof{CGl) by creating a CGl
Guidebook At present, there is no curriculum product or guidebook that is structured for a
teacher to utilize as a daily lesson resoane learn about the CGI program as they implement
the lessonsA Qualitaive Content Analysis was conducted to determine the extent to which the
principles of CGlare present within common elementary mathematics core curriculum
resources.These features were found to be significantly absent from the resomdest of the
CGlI guidebook was developed and trialed by two Faistde teachers. Feedback was collected
and this feedback, along with the content analysis reseltsugsed to inform the final product
a CGI Guidebook fofirst-gradeteachers.

The theoetical framewark that supported this study included three main compoinents
Mathematical Knowledge for Teaching (MKT), Cognitively Guided Instruction and the theory of
Social ConstructivismCGl is a highly social constructivist teaching method. Students come
togethewwvi t h t heir cl assmates to dischaes each ot he
opportunities to share out their thinking and discuss comparisons to the thinking of Ttlegrs.
come to understand how their peers thought about the context and the numlihens &mely
chose to represent the situation and work throudbuiting CGl, studerstlearn how to notice
various components of the work of their peers and how to engage in a discussion about that
work. During this same process, teachers have an opportarbtyild their own knowledge.

MKT is not just knowledge of mathematideachers must be able to think beyond their own

understanding of how to solve a problem. They must understand the different ways their students
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will think about tre problem how thosedeas connect to one another and how the teacher can
use thoseonnectiondo illuminate the mathematical goals of the lesson. The teacher must also
be able tglan a story problem that will lend itself to the goals of the lesBo& knowledge
required to dall of this can be acquired through teaching CGI lessGf& is an opportunity to
give students autonomy to solve in ways that make seriBertgand thisprocessuncovers their
thinkingi one essential component to building MKT.

| previouslyargued thah teachebothacquires MKTand becomes proficient at teaching
CGl through just thait the teaching of CGBut of course, they will not achieve proficsn
right away. A great deal of support is requirepresented the CGI Guidebook as an answer to
the lack of support that teachers currently have acce3fi¢oGuidebook allows teachers to learn
authenticallythrough their dayto-day practice.Thus, he Guidebook presents a unique
professional developmenpportunity whereby teachers learndpplying what they reaand
doing CGl, during the school dayijth their students.

To use the Guidebook, teachers first reldrt chapters to introduce the programato
understand the basic components and structuteedéssons which are structured in the same
way each dayEach lesson is broken intioreepartsi posing the problem, independent work
time while the teacher seledtrategies and finally a whetdass discussiorkarly in the
Guidebook, there is alsofaurthpart wh i ¢ h -Liess sao nfi RRedtl ect iEach o f or
of these components of the Guidebookamesideredeatures present in educative curriculum
materials(Land et al., 2015and aredesigned and included the Guidebookor the purpose of
supportingteacherlearning.

After teachers have read the introductory chaptleey, will then readPart 1 of their first

lessonbefore implementing it with their class. Each lesson lselgynstating the objective for
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both the students and the teacHére teacher has their own learning objective because the

Guidebook is designed to be educative for the teacher as well as stliderdss. iLesson Foc.L

and Goal s ofreduentlyindutieuttee €amntmen Core State Standgythat will be

addressed the lesson plan is followed entirelyn early lessons, teachers will read instructions

for how to set up thematerials Every lesson then includes st ory probl em and a

P r o b keetimroexplaining the problem type, rationale for the numbers in the problems and any

additional information a teacher may need to know about the particular praiiiemext

component of the lesson is a comprehension question which allows the teastmrothat

studentaunderstand the problem. Thssespecially important in First Grade because not all

students are proficient readeffie comprehension questions ah&ays specific to the story

problem(ie.,iDi d Landon eat chip®og .or | ess that 25
Teachers will then read Part 2 of the lesson whdil about the student independent

work time when studentolvethe problem using their own intuitive strategies. The teacher is

provided with an explanation about what to do and not to do dtimeadgme.The teacher is also

instructed to engage in the Select and Sequerasices (Smith & Stein, 2018) where they will

walk through the room, observing how students solve and asking clarifying quelsachs.

lesson plan includes a strategies chart for the teacher to use. The strategies on the chart are

common FirstGrade strategies with drawings that a student might use. They are specific to the

problem in eaclessonso the numbers used and the straegire related to ttstory problem of

the lesson and are not just general strategies to look for. It should be noted that the Qualitative

Content Analysis revealed that in the@rriculum productganalyzedthis type of support was

extremely rareSample gategies are selected and sequenced in the less@goldmumbered in

green so that teachers can easily see the selected strategies that will be presented in the next part
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of the lessonA rationale is then provided for why they were selected and seegiarthat
particular order. Even if a teacher does not select and sequemcatisame strategies in their
own classroom (and it is very likely that they will not be ableregding the rationale is a highly
educative experience that will supporetito be able to select and sequence potentially similar
strategies in their own classrooBducative features like the rationales teach teachers how to
think like CGI practitioners

In Part 3 of each lesson, teachers are presented with a sample dadiggee with the
selected strategies. Teachers can think of reading this portion of the lesson as an opportunity to
observe in a CGI classroom. The strategies and specific questions that theaslesthay not
be exactly what they bring to their owndes with that problem, but it will help them come to
understand the kinds of questidd&l teachers ask to facilitate connection making and
understanding amongst studerfisr example, in many lessons, the dialogue includes the teacher
a s k i Whagt s sifiilar aboutt hese two strategies?0 This 1is
used for anyet of studenstrategiesAlthough it is a simple question, it prompts both students
andteachers to think deeplgometimes strategies are quite different but thatguto match
them is the same. The students dealt with the numbers involved in the problem using the same
order.Alternatively, ®metimeghey used differentbols, but their counting is the same. One
student might have counted on their fingers whiletlagroone wrote out those same numbers.
There areoften manyconnectionghat could be madeetween student strategi®&oth teachers
and students need to hear this question daét@mprove at noticindnow different student
thinking and strategies conneEurther, his is important for students to develop and expand
their repertoire of strategiesd for their strategies to become more efficient and sophisticated

over time
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The samplelassroondialogue in Part 3 alsacludes fullexamples of whaawhole
class discussion coukbundlike. There issampledialogue between the teacher dwdh the
class and the sharing student. Them@ple dialogueequently include examples of how to
push students to explain more as they are sharing and to explaiheydid certain steps in
their strategy. There are also sugge&tifmm classroom management and engaging all learners in
the discussion. Twmain strategies are presented forthisc ol d cal |l i ngo and At
(Lemov, 2015)Cold calling is alling on students who do not have their hands raised. Students
quickly become accustomed to this and they come to understand that they could be called on at
any time and so they must always be actively listerdsgone example, in Lesson@Gl
Guidebook p. 16) it is suggested that the teacher cold call a student who was not able to solve
the problem to retell the first stratedy cold calling, the teacher is targeting tie¢ell at a
student who really needs the practi€aere are a variety of codlling situationghroughout
Part 3 of the lessons. Teachers are also instructed throughout Part 3 to have students turn and talk
to a partner about a question that was posed before they share out with the class. This gives more
students an opportunity talk and share their ideas. It also allows the teacher to listen in to the
partner discussions and select students to share out specific ideas that the teacher was looking
for. This allows the teacher more control over the general direction of the discuisslso
allows the teacher to engage more students in the big mathematicalfitteatessonOne
example of this is in Lesson(€GIl Guidebook, p. 36)0ne sharing student added 9 + 4 by
adding 1 and then 3 more so the 4 isoimtiously present othe chart paper. Students are
instructed to talk to their partner about where the 4 is in the work. This turn amgpalkunity
allows all students the time to look for thedd share thethinking with someonabout where

the 4 is present in the woand why.The teacher also then has the opportunity to ligien
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student thinkingand select students who notidbe 4 is brokemnto 1 and 3 and further, that she
used thébenchmark number 10 to help her cofnam 9 and add a total of 4.

Finally, the first4 lessons of the Guidebook include aParidPost Lesson Ref |l
f or t he Thissectomirclude®questions for reflection about the strategies that students
used, what surprised the teacher about these strategies, how airdifeerent they were than
the strategies presented in the Guidebadiat tools studentssed,and it also prompts them to
look ahead into the following lesson and use the thinking and strategies saw in their classroom
on the current lesson to predict how students might solve the next one. The teachers who
providedfeedback on the sample Guidebaekorted that this was a less useful part of the
Guidebookso it was limited to just these initial lessanguture drafts The questionalso
repeatand the first foureflectionsshow teachers what they should be consideringlpesbon
and can be tresferred to any future CGl lesson that they teach.

In using this Guidebook, teachevdl have the suppornd learning necessaity begin
CGil lessons daily in theKirstGradeclassrooms. The lessqras they enact themwill not look
exactlylike the ksson presented in t&iidebookput they will learn how to pose a problem,
allow students to solve, uncover their thinking and use their thinking to facdifaeductive
discussiorthat will support them in responding to the student thinking ancegtest that emerge
in their classroomThe sample dialogue allows them to see a daily example of what a student
centerecandsociatconstructivisdiscussion soundie. The teacher will have the opportunity
to become more flexible in their own thinking Ilstening to and watchintheir students solve
problems This daily uncovering and utilization of student thinking is one way to potentially help
teacherduild the MKT necessary to facilitate deep understanding and mastery of First Grade

mathematics statards in their classroom.
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5.2 Interpretation

Thefollowing questions guided the development of the coding framework that was used
to analyzethe curriculum products discussed in Chapter 3:
1 To what extent do widely used elementary mathematics curriculumsleretudent
learning opportunities consistent with the principles of CGI and the 5 Practices?
1 To what extent do widely used elementary mathematics curriculum support teachers in
understanding the principles of CGI and the 5 Practices?
It is important to note that the publishers of teenmonly used curriculumproductsandyzed
made no clainto have created resourcgsecificallyaligned with CGCarpenter et al., 1999y
the 5 Practice€Smith & Stein, 2018)Thegoal of the Qualitatie Content Analysis was to better
understand thpotentialmathematicaéxperiencs of teachers and students utilizing these
resources across the course of their school Yfetlre analysis showed thisachers were
provided with extensive support to eggastudents in opeended problensolving and
productive discussions about student approaches to problem solving, the CGI Guidebook may
notbe necessary. However, it was found thatcommonly useaurriculum resources contained
very little support in thee areas and therefore there is likely a need for this type of lesson and
this kind of professional developmeintorder for teachers and students to engage in problem
solving and productive classroom discourse.
It is also important to note thdtese canmonly used curriculum produatspresent only
a small subset aksourcesvailable to teacherés stated in chapter #esevenproducts
analyzedvere selected due their scoren Edreportsut teachers havdoogle at their
fingertips and can find @ery wide variety ofesource®nline that may include some of the 11

features of CGused to develop theoding frameworkHowever,anecdotally nothing as
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comprehensiveasthsBui debook was found. There are many |
including Teachers Pay Teacherhich produces over 190 results using those tebatyery

few, if any,come with robuskesson suppotteyond the problemthemselvesA teacher could of

course purchase these resourfoeshemselvesnd t is likely veryhelpful for a teacher to have

a list of problems thahey could use for each day of the school year. However, this is still not

enough support for them tearnthe best ways to use the problems to enact a meaningful lesson

and a productive discussion.
5.3 Recommendationdor Curriculum Developers

In the Statement of Problem sectionQhapter 1) describedlNCTMés 8 Ef fect i ve
TeachingPracticegNCTM, 2014) | explained that adopting these practices, for many teachers,
would mean a major shift in how thegliver lessons and would require a great deal of learning
on their partl offered CGIl(Carpenter et al., 199@)nd the 5 Practices for Orchestrating
ProductiveMathematicDiscussiongSmith & Stein, 2018as a solution for supporting teachers
to enacthese practices.also discussed the benefits of sdifected learning for teachers and
how educative curricula could play a role in that pro¢kaad, Tyminski & Drake, 2015)
Consideringvhat was discovered regarding the laclsabport throughesources taimplement
lessons that incorporate elements of CGI and the 5 Pracgcesymendations for curriculum
developersteachers, ansichools adopting mathematics curricula will be detanetiis section.

Curriculum developers have an opportunity to make a substantial iowp#uo
instructional practices udén schools. By creating products that school distruigght adopt,
they provide a resource with, in many casdigshe materiad and directions that teachers need to
provide a yeatong mathematics experience for their class. If teachers followed these programs

closely, the activities, problems, questions, things the teacher does aralls&ge the potential
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to impact the extdrto which children understand the many discreet concepts being presented at
each grade leveCurriculum developers should take care to consider the knowledge and
experience of the teacher in addition to studeBysembedding educativemponents or

creding a fully educative product, curriculum developlease the potential thelp teachers
learnskills and develop their knowledge for teach{B@vis & Krajcik, 2005) It is important

that theseducativefeatures are nainly presentbutexplained witha clear purpose for teachers
(Collopy, 2003)

Additionally, NCTM6s 8 Ef fect i \NCTN,QE4£)MoulcdhngakeRAr act i c e s
strong framework for curriculum developers to consider using when developing products with
educative featuress they represengsearckbased teaching practictsat are highly effective
for any K-12 mathematics classrooMCTM emphasizethat these practices are partly intended
to create equitable mathematics instruction (NCTM, 2014)statlents need and deserve high
guality mathematics instruction and therefa@adhers must have an opportunity to leam
practices necessary elp allstudents master gradievel mathematicdMost teachers use
commercially available mathematics curriculum produith varying levels of modification to
their lessons, or they use pieces and panmsudfiple commercially available produdisaufman
et d., 2020) Thus, itwould be ideal iféachersvent to their curriculum resource and found
ample support to implemetiteseeffectivepractices.

Forexampleone of NCTM6s 8 Effective Teaching Pr
Qu e s t whmmissaw examplef a practice thatanbe honedhrough experiencéiowever,it
is alsoa practicahatcurriculum developers have an opportunity to assathers in
understanding how to enact on a deyday basisPurposeful questiorare those that advance

student thinkingabout the concept being presentEde student(rather than the teaches)putin
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a position tado the thinkingi noticing patterns and developing conjectures, drawing conclusions
about the similarities and differences between approdotsesving the same problem
Furthermorepurposeful questions are asked by a teacher who knows where the learning started
and wherat is going. The questions are the path that take studem&sd@esson objective
However, itcan bechallenging to lear how to askhese purposefiguestiongChilds & Glenn
White, 2018) A teachemust knowthe content othe lesson deeply and how it connects to other
lessonsThey must understartiemathematicétselfand t heir st udentsd unde
mathematis, including misconceptions and common eri@all et al., 2005)Thus, a@rriculum
developershouldconsider adding in these purposeful questions in strategic places throughout
their curriculumsandrationales for purposeful questions so that teachers@ae to understand
what makes question a great one, how students might answer ivagdt is best to ask it in a
particularpart of the lesson.

| also recommend thaurriculum developers include far more opportunities for epen
ended problensolving (Small, 2009) This is becausasking students to engageopen ended
problem solvingn the way it is presented in CGI lessoissan opportunity for teachers to
devel op and hone all of NG@idMansstabdhrliseamnddsonv e Te ac
objectives can be taught largely througgernrended problems amatoblem solvingFurther,
instruction thatédcuseson openendedproblem solving can make an objective that might
traditionally be very teacharenterednto one that istudericentere just by focusing on
student thinking and classroom discoufsar examplethe Common Core StandatdNBT.2 is
a FirstGrade standard that asstsidents tgunderstand that the two digits of a taigit number
represent amousbf tens and onégNationd Governors Association Center for Best Practices

& Council of Chief State School Officers, 2010hisstandard i€sommonlytaught through
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direct instructioras indicated by the content analySsudents were told to represent the
numbers by drawing sks and circlsin Math ExpressionsHuson & Houghton Mifflin

Harcourt Publishing Company, 2018irst, circles represented onéster,the teacher was
directed to draw a line through groups of 10 circles to show that that now represerdad ten
later, the circlesn the linewere removed, leaving the lines to represent 10 and additional circles
to represent one€onverselythrough tle daily solving of problems the Guidebook, students
are encouraged to represent 4digit numbers in ways that they think of on their own. Teachers
are encouraged to provide Unifix culdmg the way in which these cubes are used to ctieate
two-digit numbersgn the story problemsiust be decided by the studeritbe student
representation of a twdigit number with the cubes or some other drawing may look similar to
the sticks and circlessedin Math Expressions but the experience is quite differdms is
becausét is the student whdetermined the meaning and representaticthe number and they
are the ones that explain that meaning rather than the tebblggnly encourage curriculum
developers to consider regulapenended, studertenteré, problem solving as an avenue to
address many, if not most, of the standards.

Another recommendation for curriculum developers is the inclusion of far more support
for teachers to facilitatdiscussions aboygroblem solving or any mathematics topiechr
discussionshould be a central component of all math classrooms and facilithsitigssions
involves a great deal of MKT that not all teachers have devel@pedculum developershould
support teachert® develop this skilby providing sample dialoguer the whole class as well as
partners and small groupgSurriculum developershould include in the lessons examples of
student ideas that might be shared and how the teacher can follow up on those ideas and use

them to advace student thinkingCurriculum developers should also include management and
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engagement techniques that will help teachers to facilitate productive discussions. These might
i ncl ude #twithapargnaeradr small grdup a@quirements to respomal writing or on
a whiteboardefore engaging in the discussidieachers can find these strategies through other

materials put it is advantageous to have them embedded into the lessons they are already using
5.4 Recommendations for Schools

School distrits spend considerable amounts of money and time researching and adopting
mathematics curriculum materials. While it is important that these materials are alignéduewith
Common Core Standardsdthat teachers find them easy to use, there are otherddl#dr
school districts should greatly consideesource adoption committees should review the extent
to which teacher learning is providbyg the curriculum resourceSeltdirectedlearning throgh
the curriculum could be a professional development opportunity that comes at little additional
cost and may not require extensive time outside the clasgidaws & Krajcik, 2005) Even if a
product is not meant to be an educative curriculum, dissfetsld look foreducativefeatures
that might provide teacher learniaigned with school goals. For example, if a district has a
goal to incorporate manipulatives into instruction, they might consider looking for a curriculum
product that not only incllesmanipulativesbutalso hasnstruction on opemnded ways to use
them, why theyhelp students understand conceptsl the kinds of questioning and discussion
opportunities that woul d besandrepdsentationsogd ent s
manipulativesAs previously discugsl, many school districts do not have ample time for
professional development and many school districts do notthavanding for extensive
professional development. The curriculum product that they purchasebeptiid lone
opportunity to provide a learning experiencetiachersso it is critical that schools consider

teacher learning when adopting a new product.
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5.5 Recommendations for Teachers

Teachers interested in improving their practice have access tobhoaky designed for
teacher learning and instructional improvem@mtachers must understand thattdehniques
they read about must be practiced and hoRedher, nuch of thér professional learning will be
in their own classroom, in practice, with students presedthey should not give up quickly
while trying to acquire new skilland knowledgeThe Guidebook presented as part of this
dissertation is very repetitive at timgsompting teachers to ask the same questodgocreate
very similarday-to-dayexperiences for students. This is because it takes pracacguae
techniques likeaskng the right question to the right studeat the right timeTeachersnustbe
willing to practice and refleaonstantly, considering what they had hoped the outcome of their
lesson would be and what they will do differently tomorrow to keep getting closer to that ideal.
They must understand this takes tiamal effort.

Teachersnustalsounderstand that their evaluation of the resourcesgsbkegt for use
with their students is critical.leachers novinaveaccess to greatemwealth of resourcethan
ever before. They are by no means limited to the curriculum product(s) adopteir lsgitiool
district. It is not enough thadresourcdi ¢ ost hre st a n d aestbedopio that theg areé e s s
hoping to teachThe slideshowvideoor worksheethey have selecteid useduring a lessoare
notthelessonitself. The people in thelassoom create the lessovwwhat matters is the
discussion, the questions, theriosities and the collaboration between different minds. Student
thinking must be front and center in every classrobeachers must be able to consides t
while selecting resources and be able to evalwhgthera lesson or material that they have
found or that their school has adopted will allow the students to do the thinking and will allow

the teacher to facilitatech learning that builds onto stadt thinking.Materials that are selected
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only because they are easy to use or address a certain standard, in many cases, should be left
behind.

Lessons and student materials can be found online for any standard drtvpéver it
is critical that teaecers understantthat regardless of the curriculum resource ugesl the adult
who is facilitating the learninfpr studentsT e a c falaglity o0 Pose meaningful questions, elicit
student thinking, facilitate rich discussions, foster curiosity and perseverance can ke taken
classroomand applied using any curriculum resourteachershouldseek outesourcesuch

as educative cunulum materialghatwill helpthemgrow as mathematics educators
5.6 Future Research

Researclon Educative Curriculum Materials suggetsiat teachers readstructional
materials in different way@.and et al. 2015, Remillard, 2000)Therefore, it is important to
understand howhis CGI Guidebook is reathterpretedand used in practic&his type of
research could be conducted through user suruggsyiews,or analysis of dialogue in an
online community whose members are ughmgCGl Guidebook and engaging in discussions
about the product and the lessdResearch could also be conducted through classroom
observations and discussions with teachers about their use and interpretation of the Guidebook.
A potential next studynight be centered arourttbwthe Guidebook is read andhyit is
read the way it isDo teachers read lessons start to finislmthey instead search for certain
components and skip right to those? Ifwby? Also,what is the result ahe way they readn
theirin-classlessonmplementatio® As previously explained, it isnportantthat writers of
Educative Curriculum Materialmaketheir purpose very clear to the readeand et al., 2015)
This type of research could also shed lightone r e a d e r theextentito whalstee an d

teacher found what they were initially looking fevhat did they already know about CGI and
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what were they hoping to gain for their practi€@ralitative research on how the Guidebook is
used could likely answer these questionslamdsed to make improvements
Additionally, the Guidebook is broken down into Modules with Chapters contained
insideeach moduleResearch on the knowledge gained and general interpretation of the chapters
mightinform the development of future CGI Guideboaissthe chapters are the pigteat
would largely remain unchanged in Guidebooks for different grade lé\gd®, it would be
helpful to know what teachers were looking for when they selected this Guidebook and the
extent to which the chapters met that need and helped them to alter their mathematics
instructional practices.
The CGI Guidebook in this dissertatimndesigned for First Grade teache#sich still
leaves a need for CGI Guidebooks written for other grade levels. Understanding how the
Guidebook is used is important for the development of these future guiddhdgakso for the
future development of Edative Curriculum Materials in general. There is $titlited research
on ECMs and their effectivenegsn ECM in the form of a CGI Guidebook is, currently,
nonexistent. Therefore, it is importantullimatelycome to understand its impact on teacher
learning andnstruction. Are teachers able to carry the lessons as they are intended through
the Guidebook? What is the eff ectaKoowledgdg udent
for Teaching?The purposef this Guidebook is to changlee way that teachers deliver
mathematics instructoand t o 1 mpl ement NCTMO ssofhkréisaxt i ve T

need for research on the extent to whiok Guidebook was able to do that.
5.7 Guidebook Next Steps

The Quidebook presented in this dissertation contains oné/of six modulesThe Table

of Contentgrovides a roadmap for completitige modules and chapters making up the
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guidebook As future modules are addeal gradual release will occur whehee lessonsvill
contain lespedagogicasupport for teachei@s they make their way through the guidebded
exampleproblem types that teachers have experienced in Module hiatilecessarily be
explainedagain n f ut ur e | essons a nddodioentkegcheisbacleforp age o v
reminders The dialogue support will also be redueeth the assumptiothat teachers have read
many sample class discussions and have practiced asking similar questitacslitaithg
similarly productive discussions their classroomin their place, questioning strategies will be
provided in future chapters along widkhers upport based on the A5 Pr ai
Productive Mathematics Discussions. 0

The Table of Contents provides a look at the chaptersdohée learning that will be
added throughout the remainder of the Guideb®blese chapters are inserted intentionally
during times that teachers are likely ready for new learning and in many cases, where they will
have a chance to practice a new skillrtlgafter reading. For example, the chapter on
A Common Swithlaa reggd re sN u mbirMosule 3 whepteaaghers will actually be
posing problems withwo-digit numbers. This is important because the strategies many students
will likely employ with these numbers will look different in many ways than the strategies
teachers have seen their students use up to this Bomtarly, eachnew topic for teacher
learning is presented in a chapter embedded within the lessons throughout the Guidebook.

In addition to completing this firssuidebook, | would like to use research on the use of
the Guidebooko continue developingghat would complete a4& CGI Guidebook serie$he
Guidebook created as part of this dissertation is very specific to Firdé Grsing Grade 1

standards, problems and common stratedib®f these elements change drastically through the

94



grade levels and each grade level requires its own Guidetidokroblems and discussien

uniqueto specific grade level expectations.
5.8 Closing Thoughts

NCTM6s 8 Eff ect i wereidentdied mithis dissdttatiancas poweefld
practices that caall be learned and implemented through Cognitively Guided Instrudtio.
problem, however, is that there is a lack of support for tea¢hdearrhow toenact CGl.The
purpose of this dissertation was to better understand the extent to which the principles of CGI are
contained within common mathematics curriculum mateaatsto create a CGl Guidebook that
would act as both a curriculuthat provides learning for students ardeducative experience
for teachersMany traditional public schools are not able to provide extensive professional
developmento their staffthat leadgo lasting change and increasstddentachievement
Curriculum designers could be osalution to this problem by providing teachers with products
that go beyond addressing standa@lgriculum designers can and should create materials that
allow teachers to build Mathematical Knowledge foadl@ngi essential understanding that can
be usd to help studentsnake meaningful connections and truly master gtadel mathematics
Students have the right to understand mathemdaicsry teacher should see themselves as the
most powerful toofor hdping students succeellaterials matteand theyshould be used to

support adults to become the master teachers that every sledentes.
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Lesson 1

Stondard 1.0A.2: Solve word problems that call for addition of three whole
numbers whose sum is less than or equal to 20, (e.g. by using objects, drawings and
< equations with a symbol for the unknown number to represent the prob em.)

Lesson Focus & Goals for Students
In this lesson, students will solve a "Join Result Unknown" problem with only 2

addends. This will help them understand what CGI or "Number Stories” is all about.
They will learn the structure of a lesson and most importantly, they will notice that
the teacher allows them to solve in ways they choose and the teacher values their
thinking.

Lesson Goal for Teacher
Teacher will understand the steps and structure to a CGl lesson. The teacher will be

able to pose the problem, allow students to solve on their own, select 3 students to

share and facilitate a discussion about the students’ strategies.

Part 1: Pose the Problem
Directions: Write the following problem on the top of a sheet of chart paper and 5

place on board. Gather students together on the carpet. Read the problem to Min
students. Ask two students to retell the problem to check for understanding. Then,

ask the class to use their hands to show "more or less” to answer the following
comprehension question: "In the end, did Vivian have more than 6 stickers or less

than 6?" Ask students to talk about why. Call on students who are incorrect to share

their ideas first and allow other students to correct them.

roblem: Vivian had 6 stickers. Her Mom gave
er 8 more. How many stickers does she have
ow?

Write the 4
roblem on Hand signals
p0ur chart that indicate
gc er and "more” or "less"
glo'::e on board push all students
before lesson to th,'er and
participate,

begins
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Part 2: Students solve independently 10

Directions: Students should return to their seats and work to solve the problem Min
independently. Ask students questions to better understand their work and thinking. bt
Encourage them to do their best to represent or draw their strategy, even if they

solved mentally. Do not show students how to solve the problem. If they are

struggling, try asking them questions that might help them understand the actions

in the problem. Suggest that they draw a picture or utilize a tool such as counters.
However, you should not tell them how to do so. Move throughout the room and try

to glance at what each student is doing. Look for the strategies in the next section

or similar strategies. Choose three students to share. The guide in the following

section shows three selected strategies numbered in areen and should be shared in

that particular order. Read the rationale for the selection and sequencing of

strategies. You may choose to select and sequence the same strategies if they are
present in your classroom. If not, you may choose a similar sequence of strategies.
Consider ordering them beginning with the least sophisticated - pictorial, concrete,

simple. However, do not share with students the reason for the order.

Possible Student Strategies

These are Unifix cubes. The written numerals represent how
the children counted. One counted all, while another began
counting ot 8

2
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§ count all 1 Count
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These are derived fact strategies. Students may say " did two 3
more 10 get 1o ten then 4 more to get 1o 14." Ask them 10 write )
those os equotions. If they connot, ask if it's ok if you

represent them as equations for the closs. The idea is to make
their thinking visible to others.

l
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Why the strategies were selected and rationale for the particular order

The selection and sequencing of strategies are important choices that will
determine the direction of the class discussion and the extent to which it helps meet
your overall goals. It is important that you select and sequence with both your
lesson goal and students in mind. Today, the lesson goal is for students to see that
you value their thinking and there are many "right” ways to solve CGI problems.
The first strategy is a direct modeling "count all” strategy - the simplest type that
many of your students likely used. Student #2 used counting ON which will be
compared to student #1's strategy. Do not emphasize that one is "better” - only
that they have similarities and differences. #3 was chosen because the child used a
different tool (fingers) AND she started with the larger addend - all great
discussion points. If very few children counted on, you may swap that out for a
"count all” cubes strategy shown above. The derived fact equation strategies are
pretty sophisticated and might be better to discuss later on. But, still make note of
who is using those.

Part 3: Facilitate the discussion

Directions: Bring students back to the carpet. How your chart

The selected students will share in the order paper may look -

you chose and you will draw what they did once students

on the chart paper. Your drawing might look have shared. \
very similar to the drawings in the "Possible

Strategies” section. However, it is important i } N g e
that the child's thinking is represented Vmonh\;od 3 ‘m'wuum:‘?m
accurately so your drawing/representation 3‘;: :
may be different. Ask each student

questions as they explain their strategy. You Landon Josie
may use the suggested questions below for shbass s O +°
ideas. Ask the class questions even if they | 3dsss 83® s2322¢228a

are questions that the student has already
addressed. This is an opportunity for
students to learn how to listen actively and
be able to explain others' ideas. When the
lesson is over, find a place on your wall to
display the completed chart paper. A large
space that fits the previous 3-4 problems is
ideal. These serve as a student reference for
future problems.
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Whole Class Discussion Questions

Questions to ask students as they Questions to ask the rest of the
share: class anytime during the discussion:
For Student 1: How did student #1 (say their name)
What do the circles/dots represent? count? How was that different than
Why did you have to count all of them? | student #2? What was the same
Why did you write the numbers on about their strategies?

each dot?

Where is student #3's 8? How did
that work? Who can retell her
For Student 2: Why did you circle the 6 | strategy?

dots all together? Did you have to

count them again? Why not? Are there a lot of ways to solve this

problem? Do you think there are a
For Student 3: | noticed that you lot of ways to solve any problem? |
started with the 8, did anyone else think so too! | can't wait to see the
notice that? Did you get the same many different ways you solve
total? Why? How did that work? tomorrow.

Post Lesson Reflection for the Teacher

Directions: It is critical that you look at student work and think about the ideas that
were shared by students during your lesson today. After the lesson, reflect on the
following questions. If possible, discuss with a colleague who is trying the CGI
problems along with you.

What surprised you about your students’ work and thinking?

How were your students’ strategies both different and similar to the strategies you'
saw in the "Possible Student Strategies” section?

What strategies were most abundant in your classroom?

What tools did students prefer to use? (Fingers, counters, cubes etc) Why do you
think that is?

Look ahead at the problem in the next lesson. Based on what you saw in your

classroom today, what strategies do you think students might use to solve this
problem?
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Lesson 2

Standard: 1.0A.2: Solve word problems that call for addition of three whole
" numbers whose sum is less than or equal to 20, (e.g. by using objects, drawings, and
equations with a symbol for the unknown number to represent the problem.)
Lesson Focus & Goals for Students
In this lesson, students will solve a "Join Result Unknown" problem with only 2
addends, with the goal to work toward 3 in coming days. Students will remember
the structure of a CGl lesson and will understand that they are expected to try their
best to solve the problem using their own strategies. Students will consider the
ideas they heard yesterday for support.
Note: Yesterday's chart paper should be displayed on the wall.
Lesson Goal for Teacher
Teacher will understand the steps and structure to a CGl lesson. The teacher will be

able to ask questions to both the sharing and listening students that will help to
make connections between the strategies.

Part 1: Pose the Problem v
Directions: Write the following problem on the top of a sheet of chart paper and 5

place on board (See Lesson 1 for example). Gather students together on the carpet. Min
Read the problem to students. Ask two students to retell the problem to check for 7 + *
understanding. Then, ask the class to use their hands to show "more or less" (See

Lesson 1) to answer the following comprehension question: "In the end, did Fred

have more or less than 7 leaves?" Ask students to talk about why. Call on students

who are incorrect to share their ideas first and allow other students to correct them.

blem: Fred had 7 leaves. He found 11 more
at recess. How many leaves does Fred
now?
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Part 2: Students solve independently 10
Min

iy

Directions: Students should return to their seats and work to solve the problem
independently. Ask students questions to better understand their work and thinking.
Encourage them to do their best to represent or draw their strategy, even if they
solved mentally. Do not show students how to solve the problem. If they are
struggling, try asking them questions that might help them understand the actions
in the problem. Suggest that they draw a picture or utilize a tool such as counters.
However, you should not tell them how to do so. Move throughout the room and try
to glance at what each student is doing. Look for the strategies in the next section
or similar strategies. Choose three students to share. The guide in the following
section shows three selected strategies numbered in green and should be shared in
that particular order. Read the rationale for the selection and sequencing of
strategies. You may choose to select and sequence the same strategies if they are
present in your classroom. If not, you may choose a similar sequence of strategies.
Consider ordering them beginning with the least sophisticated - pictorial, concrete,
simple. However, do not share with students the reason for the order.

Possible Student Strategies :
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Why the strategies were selected and rationale for the particular order

The selection and sequencing of strategies are important choices that will
determine the direction of the class discussion and the extent to which it helps meet
your overall goals. It is important that you select and sequence with both your
lesson goal and students in mind. Today, the lesson goal is for students to be able
to put together two addends and for the teacher to be able to ask questions that
will draw students' attention to the mathematical connections between the
different strategies. It is fine to have the same child share two days in a row. This
may sometimes happen because you are sharing strategies, not students. It is
important that it is not seen as "someone’s turn.” Instead, you are selecting sharing
students in strategic ways that will lead to a rich discussion about their approaches
to the problem. Also keep in mind that the share-out is for the students listening so

think about what they need to see and hear. Today, the first student was selected
to compare their strategy to student 2, assuming there are students who may be
miscounting because of scattered dot pictures. This will help them see how lines or
organization strategies can prevent miscounting. The third student shared to
discuss both starting with the larger number and counting on. You will find that
students in your class use one or both of these strategies. They are both excellent
strategies to share and discuss often. There may be other counting on or reversing
addend strategies in your classroom that you would like to share instead.

Part 3: Facilitate the discussion

Directions: Bring students back to the carpet.
The selected students will share in the order
you chose and you will draw what they did
on the chart paper. Your drawing might look
very similar to the drawings in the "Possible
Strategies"” section. However, it is important
that the child's thinking is represented
accurately so your drawing/representation
may be different. Ask each student
questions as they explain their strategy. You
may use the suggested questions below for
ideas. Ask the class questions even if they
are questions that the student has already
addressed. This is an opportunity for
students to learn how to listen actively and
be able to explain others' ideas.
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When the students you selected have
finished sharing, your chart paper will
again look like the example in the
previous lesson.

Some Best Practices:

+ Put the child's name above the work -
it's their strategy after all!

+ Use a different color for each to
make them easier to differentiate,
especially if you are sharing more
than 3 strategies (which you certainly
can!)

» When you're ready, include the
equation or number sentence to
match the child's work beneath their
work. Ask the sharing child or the
class what equation might match
their strategy. Think about the order
in which they thought about the
numbers.



Whole Class Discussion Questions

Questions to ask students as they
share:

For Student 1

Was is challenging to keep track of
your counting? What did you do to
keep track?

For Student 2: | see that you lined your
circles up. Tell us about that, why did
you did that?

Questions to ask the rest of the
class anytime during the discussion:

How did student #1 (say their name)
count? How was that different than
student #2? What was the same
about their strategies?

Cold call (call on students whether
they have their hand up or not)
students and ask them why student
#3 made an 1 stick, what does that

represent?
For Student 3: | noticed that you
started with the 11, did anyone else
notice that? Did you get the same
total? Why? How did that work? Also,
you started counting at 11 instead of 1,
tell us more about that.

How did he count all of the leaves?
who can restate that?

Post Le?;on Reflection for the Teacher

Directions: It is critical that you look at student work and think about the ideas that
were shared by students during your lesson today. After the lesson, reflect on the
following questions. If possible, discuss with a colleague who is trying the CGI
problems along with you.

How many of your students are using derived facts, counting on or starting with
the larger number? Have you taught these strategies? Does this surprise you? How
might this impact your instruction on these topics going forward?

What surprised you about your students’ work and thinking today? wWas it different
than day 1?

How were your students’ strategies both different and similar to the strategies you
saw in the "Possible Student Strategies” section?

Did the tools students chose to use change at all?
How are students engaging in the discussion? What strategies could you use to

increase engagement? Tomorrow, try "cold calling” and "Turn and talk to your
partner.”
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Lesson 3

Standard: 1.0A.2: Solve word problems that call for addition of three whole
numbers whose sum Is less than or equal to 20, (e.g. by using objects, drawings, and
equations with a symbol for the unknown number to represent the problem.)

Lesson Focus & Goals for Students

In this lesson, students will solve a "Part-Part-Whole: Part Unknown" problem with
only 2 addends, with the goal of 3 tomorrow. Students will be able to use strategies
that they have been using the previous two days to solve this slightly more
challenging problem type.

Note: Yesterday's chart paper should be displayed on the wall.

Lesson Goal for Teacher

Teacher will understand the steps and structure to a CGl lesson. The teacher will be
able to ask questions to both the sharing and listening students that will help to
make connections between the strategies. The teacher will be able to notice the

W

Part 1: Pose the Problem vy
Directions: Write the following problem on the top of a sheet of chart paper and 5

place on board (See Lesson 1 for example). Gather students together on the carpet. Min
Read the problem to students. Ask two students to retell the problem to check for
understanding. Then, ask the class to use their hands to show "more or less” (See

Lesson 1) to answer the following comprehension question: "Did this machine have

more than 9 gum balls or less than 9 gumbalis?” Ask students to talk about why.

Call on students who are incorrect to share their ideas first and allow other students

to correct them.

roblem: A gum ball machine had 9 red gum
Ils and 8 green gum balls. How many gum
Ils were in the machine?
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Part 2: Students solve independently 10

Directions: Students should return to their seats and work to solve the problem Min
independently. Ask students questions to better understand their work and thinking. '
Encourage them to do their best to represent or draw their strategy, even if they

solved mentally. Do not show students how to solve the problem. If they are

struggling, try asking them questions that might help them understand the actions

in the problem. Suggest that they draw a picture or utilize a tool such as counters.
However, you should not tell them how to do so. Move throughout the room and try

to glance at what each student is doing. Look for the strategies in the next section

or similar strategies. Choose three students to share. The guide in the following

section shows three selected strategies numbered in green and should be shared in

that particular order. Read the rationale for the selection and sequencing of

strategies. You may choose to select and sequence the same strategies if they are
present in your classroom. If not, you may choose a similar sequence of strategies.
Consider ordering them beginning with the least sophisticated - pictorial, concrete,

simple. However, do not share with students the reason for the order.

Possible Student Strategies
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Part 2: Students solve independently 10

Directions: Students should return to their seats and work to solve the problem Min
independently. Ask students questions to better understand their work and thinking. '
Encourage them to do their best to represent or draw their strategy, even if they

solved mentally. Do not show students how to solve the problem. If they are

struggling, try asking them questions that might help them understand the actions

in the problem. Suggest that they draw a picture or utilize a tool such as counters.
However, you should not tell them how to do so. Move throughout the room and try

to glance at what each student is doing. Look for the strategies in the next section

or similar strategies. Choose three students to share. The guide in the following

section shows three selected strategies numbered in green and should be shared in

that particular order. Read the rationale for the selection and sequencing of

strategies. You may choose to select and sequence the same strategies if they are
present in your classroom. If not, you may choose a similar sequence of strategies.
Consider ordering them beginning with the least sophisticated - pictorial, concrete,

simple. However, do not share with students the reason for the order.

Possible Student Strategies
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Whole Class Discussion Questions

Questions to ask students as they
share:

For Student 1:

Your cubes started out as 10 sticks. Can
you show us how you made a 9 and an
8. How did you know you needed to do
that? What do those represent?

For Student 2: Why do you have only 8
cubes? Where is the 9? How did that
work?

For Student 3: When you moved that
cube, did you know it would still be the
same amount? How? Why did you
move it to the 9 instead of moving one
to the 8?

Questions to ask the rest of the
class anytime during the discussion:

Cold call students who were not able
to solve the problem. Ask them to
retell strategy #1. Why did he make
a 9 stick and an 8 stick? What do
those represent? What are they
from the story? Are those the gum
balls? What did he do next? Did he
count all of them? Why?

Let's talk about when student #3
moved that cube over. Who can
retell why she did that? How did that
work, how was it the same amount?
Tell me what you think of this
number sentence: 9+8=10+7. Turn
and talk to your partner. Is that
true? How does that align with her
_work?

Post- Lesson Reflection for tTwe Teacher

Directions: It is critical that you look at student work and think about the ideas that
were shared by students during your lesson today. After the lesson, reflect on the

following questions. If possible, discuss with a colleague who is trying the CGI

problems along with you.

What did you notice about your students’ work and thinking today? Was it

different than past lessons?

How were your students’ strategies both different and similar to the strategies you

saw in the "Possible Student Strategies” section?

Did the tools students chose to use change at all?

Tomorrow, your students will be solving a problem with 3 addends. What kinds of

strategies do you expect to see? Remember that you will not be preteaching

strategies. Based on what you've seen so far, what do you think they will come up

with on their own?
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Lesson 4

Standard: 1.0A.2: Solve word problems that call for addition of three whole
numbers whose sum is less than or equal to 20, (e.g. by using objects, drawings, and
equations with a symbol for the unknown number to represent the problem.)

Lesson Focus & Goals for Students }

In this lesson, students will solve a "Part-Part-Part-Whole: Part Unknown" problem
with 3 addends, the ultimate goal of this mini unit. The problems they have solve
and the strategies they have seen will support them to be able to solve this
problem using their own ideas. Students will understand that the addends can be
ﬁut together in different orders and the total remains the same.

ote: Yesterday's chart paper should be displayed on the wall.

Lesson Goal for Teacher

The teacher will be able to select and sequence strategies in a way that highlights
that the addends can be switched in various ways and that mathematicians choose
to put together numbers that are friendly to them. To do this, the teacher will also
write the number sentence to match each student's work.

Part 1: Pose the Problem ¢ 1y
Directions: Write the following problem on the top of a sheet of chart paperand 5

place on board (See Lesson 1 for example). Gather students together on the carpet. Min
Read the problem to students. Ask two students to retell the problem to check for
understanding. Then, ask the class to use their hands to show "more or less” (See

Lesson 1) to answer the following comprehension question: "Did the gym have more

or less than 8 balls?” Ask students to talk about why. Call on students who are

incorrect to share their ideas first and allow other students to correct them.

Problem: In the gym, there were 8 soccer
balls, 3 basketballs and 2 footballs. How many
balls were in the gym?
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Part 2: Students solve independently 10

Directions: Students should return to their seats and work to solve the problem Min
independently. Ask students questions to better understand their work and thinking.
Encourage them to do their best to represent or draw their strategy, even if they
solved mentally. Do not show students how to solve the problem. If they are
struggling, try asking them questions that might help them understand the actions

in the problem. Suggest that they draw a picture or utilize a tool such as counters.
However, you should not tell them how to do so. Move throughout the room and try
to glance at what each student is doing. Look for the strategies in the next section

or similar strategies. Choose three students to share. The guide in the following
section shows three selected strategies numbered in green and should be shared in
that particular order. Read the rationale for the selection and sequencing of
strategies. You may choose to select and sequence the same strategies if they are
present in your classroom. If not, you may choose a similar sequence of strategies.
Consider ordering them beginning with the least sophisticated - pictorial, concrete,
simple. However, do not share with students the reason for the order. Today, the
number sentence to match each student’s work is beneath the strateguy. Use this to
support your discussion and write the number sentence beneath each student's

work on your chart paper.

Possible Student Strategies
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Why the strategies were selected and rationale for the particular order

Today, students were challenged with a problem with 3 addends and you can see
by the number of strategies (and of course there are many more!) that there are a
number of ways to take your whole class conversation. It's important to keep your
lesson goal in mind. Today, the goal for students is to be able to solve this on their
own as always, but also to see that the addends can be put together in different
orders. So, the 3 strategies selected above present 3 different orders to add the
numbers. It is important to highlight this in the wrap up so look for this no matter
what strategies you choose. Strategy #1is a very simple, concrete, count all
strategy for those students who were not able to complete this problem. Strategy
#2 starts the conversation about grouping these numbers strategically.Think about
the two #3 strategies presented. Which one might make more sense for your class?
The cubes are more concrete but some students may be ready to see and discuss
the equations. Could you share them both and have 4 strategies today? Absolutely.
Do what is best for your students based on their thinking that you are seeing.

Part 3: Facilitate the discussion -

Min
Directions: Bring students back to the carpet.  When the students you selected have
The selected students will share in the order finished sharing, your chart paper will
you chose and you will draw what they did again look like the example in Lesson 1.
on the chart paper. Your drawing might look
very similar to the drawings in the "Possible
Strategies” section. However, it is important
that the child's thinking is represented
accurately so your drawing/representation
may be different. Ask each student
questions as they explain their strategy. You
may use the suggested questions below for
ideas. Ask the class questions even if they
are questions that the student has already
addressed. This is an opportunity for
students to learn how to listen actively and
be able to explain others' ideas.
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Whole Class Discussion Questions

Questions to ask students as they Questions to ask the rest of the class
share: anytime during the discussion:
For Student 1: Cold call students who were not able to

| see you made 3 sticks or groups of isolve the problem. Ask them why student
cubes. How do you know you should do [ had 3 numbers and why he counted all
that? Why did you have to count ALL of them. What do those sticks represent?
those cubes? Why do they all need to be counted?

Have students retell a particular strategy
For Student 2: How did you count the 3 | cold call students for this. Ask them

cubes and the 2 cubes, did you just about the order that the sharing student
know that? Why did you go to those added in.
first?

Did student 3 add in the same way or a
For Student 3: What numbers did you  different way than student 2? Look at the
group together first? Why? number sentences to match their work.
So it looks like when adding 3 numbers,
you can add in different ways and what
happens? Does that happen every time?

Post Lesson Reflection for the Teacher

Directions: It is critical that you look at student work and think about the ideas that
were shared by students during your lesson today. After the lesson, reflect on the
following questions. If possible, discuss with a colleague who is trying the CGI
problems along with you.

What did you notice about your students' work and thinking today? was it
different than past lessons? Did they group the numbers in different ways than
adding from left to right?

Did more students make 5 first or make 10? How could that information help you if
you were writing your own problem for tomorrow?

How were your students’ strategies both different and similar to the strategies you
saw in the "Possible Student Strategies” section?

Which students are needing more support to solve these problems? How could you

use cold calling to make sure they are actively listening and engaged in the
lesson?
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Lesson 5

Standard: 1.0A.2: Solve word problems that call for addition of three whole
numbers whose sum is less than or equal to 20, (e.g. by using objects, drawings, and
equations with a symbol for the unknown number to represent the problem.)

Lesson Focus & Goals for Students ]
In this lesson, students will solve a "Part-Part-Part-Whole: Part Unknown" problem
with 3 addends, the ultimate goal of this mini unit. The problems they have solve
and the strategies they have seen will support them to be able to solve this
problem using their own ideas. Students will understand that the addends can be
put together in different orders and the total remains the same. They will also be
able to think about strategic wages to ?rou the addends.

Note: Yesterday's chart r should be displayed on the wall.

Lesson Goal for Teacher

The teacher will be able to select and sequence strategies in a way that highlights
that the addends can be switched in various ways and that mathematicians choose
to put together numbers that are friendly to them. To do this, the teacher will also
write the number sentence to match each student's work and will draw students’
attention to these number sentences throughout the discussion.

I

Part 1: Pose the Problem - 5

Directions: Write the following problem on the top of a sheet of chart paper and Min
place on board (See Lesson 1 for example). Gather students together on the carpet.

Read the problem to students. Ask two students to retell the problem to check for
understanding. Then, ask the class to use their hands to show "more or less” (See

Lesson 1) to answer the following comprehension question: "Did Luke have more or

less than 7 stickers on his page?" Ask students to talk about why. Call on students

who are incorrect to share their ideas first and allow other students to correct them.

Problem: Luke had a sticker page with 4 star
, 7 heart stickers and 6 smiley face
ers. How many stickers were on his page?
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Part 2: Students solve independentiy 10

Directions: Students should return to their seats and work to solve the problem Min
independently. Ask students questions to better understand their work and thinking.
Encourage them to do their best to represent or draw their strategy, even if they
solved mentally. Do not show students how to solve the problem. If they are
struggling, try asking them questions that might help them understand the actions
in the problem. Suggest that they draw a picture or utilize a tool such as counters.
However, you should not tell them how to do so. Move throughout the room and try
to glance at what each student is doing. Look for the strategies in the next section
or similar strategies. Choose three students to share. The guide in the following
section shows three selected strategies numbered in green and should be shared in
that particular order. Read the rationale for the selection and sequencing of
strategies. You may choose to select and sequence the same strategies if they are
present in your classroom. If not, you may choose a similar sequence of strategies.
Consider ordering them beginning with the least sophisticated - pictorial, concrete,
simple. However, do not share with students the reason for the order. Todau, the
number sentence to match each student’s work is beneath the strategy. Use this to
support your discussion and write the number sentence beneath each student's
work on your chart paper.

Possible Student Strategies
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instead share students who leave
them side-by-side because this
allows them to see the tens or

Some students may still be making separate numbers. Alternatively, you
direct modeling pictures of scottered can share students who make o train
Y dots or circles. This is ok! However, with alternoting colors that allow
'y : J“ draw their attention (during the them to still see tens or other
gy oM o119 discussion) to the advantages of Important numbers that help them

° @ A cubes - the organization and the way count.
=3 w it allows you to easily count - this will

be importont loter when the numbers

are large
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Why the strategies were selected and rationale for the particular order

As always, it's important to keep your lesson goal in mind when selecting strategies
to share. Yesterday, the goal was for students to see that the order of the addends
can be changed. In addition to that, it is important today that they discuss and
understand strategic ways to group the addends, including finding 10 partners,
Student #1 shared for the same reason as past days - to support those students
who did not know how to get started on the problem. This was a direct modeling,
count all strategy that they could use to access the problem. The next strategies
move students toward the lesson goal of understanding the advantage of
grouping by tens. #2 shows a concrete way to do this which relates nicely to #3. It
will be important in the discussion to draw students’ attention to the similarity
between those strategies. If these strategies are not present in your classroom,
find other strategies that group the 4 and 6 first.

Part 3: Facilitate the discussion i

Min
Directions: Bring students back to the carpet.  When the students you selected have
The selected students will share in the order finished sharing, your chart paper will
you chose and you will draw what they did again look like the example in Lesson 1.
on the chart paper. Your drawing might look
very similar to the drawings in the "Possible
Strategies" section. However, it is important
that the child's thinking is represented
accurately so your drawing/representation
may be different. Ask each student
questions as they explain their strategy. You
may use the suggested questions below for
ideas. Ask the class questions even if they
are questions that the student has already
addressed. This is an opportunity for
students to learn how to listen actively and
be able to explain others’ ideas.
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