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ABSTRACT
Keeping up with the Times: How Are Teacher Preparation Programs Preparing Aspiring
Elementary Teachers to Teach Mathematics Under the New Standards of Today?

Shalini Sudarsanan

The purpose of this study is to determine how well traditional elementary
preparation programs and alternative elementary certification programs are perceived by
teacher candidates, to prepare them to teach mathematics to the standards required today.
Using a qualitative design, this study examines how various ranked elementary teacher
preparation programs and alternative certification programs are preparing elementary
teachers to teach the mathematics envisioned in the CCSSM.
Participants in this study all attended an undergraduate elementary teacher
preparation program or an alternate route certification program. To paint a holistic picture
of elementary teacher preparation in mathematics, each undergraduate elementary teacher
preparation programs was ranked in a different level in the NCTQ Teacher Preparation
Review. Qualitative surveys and interviews were used to gather data on participants’
perceptions of their preparation in mathematics.
Twenty‐five participants agreed to take part in this study. Participants filled out a
two‐part survey. The first part of the survey asked background questions on their
coursework and field experiences in mathematics along with a survey on their beliefs about
their ability to teach mathematics. The second part was a pedagogy survey that asked

participants how they would teach particular mathematics concepts that now require a
conceptual understanding in the CCSSM. Seven participants agreed to participate in a
follow up interview to further investigate their experiences in mathematics preparation in
their teacher education programs.
The data showed that there is little consistency in the mathematics education of
elementary teachers within a teacher preparation program and across different teacher
preparation programs. There is little standardization in the coursework for participants
from different preparation programs and participants within the same program. The
interviews revealed that the degree to which participants were able to teach mathematics
in their field experiences also varied within and across teacher preparation programs.
Furthermore, the interviews also unveiled that the CCSSM were also studied and utilized in
different capacities within and across institutions.

Lastly, the data from the surveys

disclosed that the majority of participants feel that they have the ability to be effective
teachers of mathematics yet the majority of participants teach mathematics for a
procedural understanding.
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Chapter I
INTRODUCTION
Need for the Study
According to the Principles and Standards for School Mathematics, “curriculum
should be mathematically rich, providing students with opportunities to learn important
mathematical concepts and procedures with understanding” (NCTM, 2000, p. 3). The
newly developed Common Core State Standards for Mathematics (CCSSM) share this
vision (National Governors Association, 2010).
Adopted by forty‐four of the fifty states in the U.S., the CCSSM were created to
prepare students to succeed in a global economy and society. These new standards
“build on the best of previous state standards” (National Governors Association, 2013,
p.1) and are informed by the NCTM Standards (2000), along with the standards of Hong
Kong, Korea, and Singapore, all nations that have outperformed the U.S. in either grades
four or eight in the Trends in International Mathematical Science Study (TIMSS)
(Gonzales, Miller & Provasnik, 2009). The main design principles behind the CCSS in
mathematics are focus, coherence, and rigor.
Rigor in the CCSSM stems from high‐level cognitive demands of reasoning,
justification, synthesis, analysis, and problem solving, by asking students to demonstrate
a deep conceptual understanding through application of content knowledge to new
situations (National Governors Association, 2010). According to the Common Core
Standards for Mathematical Practice, teachers must develop varieties of mathematical
expertise in their students, including the ability to persevere through problems, make
conjectures and construct arguments, model situations with mathematics, and look for
1

patterns and structure in mathematics. The CCSSM stress the need for “conceptual
understanding to make sure that students are learning and absorbing the critical
information they need to succeed at higher levels” (National Governors Association
Center for Best Practices, 2010). Ultimately the responsibility of making this vision come
to life is in the hands of the teacher. A teacher should have the conceptual knowledge of
mathematics, along with the knowledge and skills that will enable them to pass this
knowledge on to their students.
The notion of merging content knowledge and pedagogical knowledge was
emphasized by Lee Shulman. In Shulman’s (1986) view, pedagogical content knowledge
(PCK) “goes beyond knowledge of subject matter per se to the dimension of subject
matter knowledge for teaching…the particular form of content knowledge that embodies
the aspects of content most germane to its teachability” (p. 9). In other words, PCK is the
blending of content and pedagogy, or “the ways of representing and formulating the
subject so that makes it comprehensible to others” (Shulman, 1986, p.9). Therefore, a
teacher not only needs knowledge of the content that is to be taught, but they must also
have a knowledge of how to teach this content in a way that their students can
understand it.
Ball (2008) utilizes PCK in her framework for the mathematical knowledge for
teaching (MKT). In this framework PCK and subject matter knowledge are two broad
categories of knowledge required by teachers that are further broken down into common
content knowledge (CCK), specialized content knowledge (SCK), knowledge of content
and students (KCS), and knowledge of content and teaching (KCT). CCK and SCK fall
under the subject matter knowledge category, while KCS and KCT are within the
2

pedagogical content knowledge umbrella. Together, these four areas encompass the
mathematical knowledge for teaching. A further discussion of this framework is found in
the literature review.
According to Blackburn (2013), in her book Rigor is Not a Four Letter Word:
Rigor is more than what you teach and what standards you cover; it's how
you teach and how students show you they understand. True rigor is
creating an environment in which each student is expected to learn at high
levels, each student is supported so he or she can learn at high levels, and
each student demonstrates learning at high levels (p. 10).
Therefore aspiring teachers must be equipped with the pedagogical content knowledge
necessary to enable such rigor to come to life in their own classroom.
The National Council on Teacher Quality (NCTQ), a non‐profit, non‐partisan,
research policy group, reports that mathematics coursework should be designed for
elementary school teachers, specifically focusing on: number and operations, algebra,
geometry and measurement, and probability and data analysis. In their report titled No
Common Denominator (2008), after looking at syllabi of institutions with elementary
teacher preparation programs, the NCTQ found that in seventy‐seven accredited
elementary teacher preparation programs across the nation, few programs, in their view,
cover the mathematics necessary to build a conceptual understanding in these content
areas. Of the seventy‐seven programs evaluated, only ten required the coursework that
covered these four major areas of mathematics. With vastly different preparation
programs, these institutions displayed little consensus as to what teachers need to be
successfully trained to teach mathematics. Similar findings came from Lynn Hart’s (2004)
case study that investigated the beliefs and perspectives of eight first‐year elementary
teachers that were prepared in an alternative certification program. She found that
3

although the certification program in the study mandated twelve credits in mathematics,
two courses in content and two courses in methods, the mathematics content was not
sufficiently developed to create teachers who felt confident in their understanding of
mathematics content (Hart, 2004). The CCSSM have raised the level of MKT required for
teachers in the classroom and as a result it is necessary to closely examine how
elementary teacher preparation programs are evolving to keep up with these
requirements.
In June of 2013, the NCTQ released its study examining teacher preparation
program across the nation, titled the Teacher Prep Review. Within this document, the
NCTQ examined elementary teacher preparation programs by subject area, and strictly
looked at documents including syllabi and textbooks of required mathematics courses
and was criticized for not looking into student achievement or speaking with actual
students and faculty of the institutions (Darling‐Hammond, 2013). To add to current
research and to better understand how teacher preparation programs are preparing
elementary teachers to teach the mathematics envisioned in the CCSSM, this study will
add to the research conducted by the NCTQ and examine the alignment of their study of
elementary teacher preparation programs in mathematics to the perceptions of students
attending some of the institutions highlighted in the study.
Purpose of the Study
The purpose of this study is to determine how well traditional elementary
preparation programs and alternative elementary certification programs are perceived
by teacher candidates, to prepare them to teach mathematics to the standards required
today. It is known that the newly adopted CCSSM require a deep understanding of
4

mathematics at the elementary level. Less is known about how elementary teacher
preparation programs are preparing teachers to teach mathematics to the high level of
understanding that is required at the present time, according the CCSSM. This study will
examine how various ranked institutions in elementary teacher preparation and
alternative certification programs are preparing elementary teachers to teach the
mathematics envisioned in the CCSSM through the lens of prospective teachers that
attend these institutions.
The specific research questions to be answered in this study are:
(1) How do participants describe their mathematical experiences prior to
entering their teacher preparation programs?
(2) How do participants describe the mathematics preparation they
receive in their respective preparation programs and what types of
mathematics preparation, if any, do they wish they had before beginning
student teaching?
(3) What kinds of additional professional activities, beyond the official
preparation received in their teacher education program, do participants
engage in outside the classroom to support and enhance their formal
preparation for mathematics teaching?
(4) What are participants’ perceived pedagogical competencies in
mathematics and how do these differ across various preparation
programs?
From this study, it is anticipated that more informed decisions can be made by
policy makers and higher learning institutions in regards to the mathematics
5

requirements necessary for elementary teacher preparation programs. These decisions
will be made through gaining a better understanding of the experiences participants have
in mathematics prior to entering their preparation programs, the mathematics
coursework and field experiences in which they have participated, the competencies they
have gained and can exhibit from their education to teach mathematics, and the
challenges they face in preparing to teach mathematics.
Procedures of the Study
This study is of qualitative design and is composed of two data collection
methods: one‐on‐one in‐depth interviews and a survey component to gather data on
participants’ views of their ability to teach mathematics and their pedagogical
approaches to teaching particular mathematical concepts. Using the NCTQ rankings of
undergraduate elementary teacher education programs in mathematics, the population
for this study is composed of participants from one top‐rated elementary teacher
preparation programs, two average programs, one low ranking program, and one
alternative certification program, totaling twenty‐five participants. Teacher educators
supervising elementary student teachers and supervisors of alternate certification
programs were contacted to hand out surveys to their student teaching cohort. From this
pool, a convenience sample was obtained for in‐depth interviews to elaborate on their
responses to the surveys. Triangulation of results from the survey was achieved through
the use of follow up interview questions. All participants in this study completed the
required mathematics coursework leading up to student teaching and were in the middle
of their student teaching experience, or first teaching position, for those participants in
the alternate route programs.
6

To examine the alignment of current research on elementary teacher preparation
programs in mathematics and student perceptions of their own experiences in
mathematics preparation, recruitment efforts were directed towards schools of
education listed in the NCTQ Teacher Prep Review along with alternative teacher
preparation programs. Released in June of 2013, the NCTQ reviewed 1400 higher
education teacher preparation programs across the country. For those institutions willing
to participate, the NCTQ examined the basic elements of teacher preparation design
including admission standards, syllabi, course descriptions, textbooks, student teaching
manuals, graduate surveys, and other documents as a “blueprint” for molding teachers
(NCTQ, 2013). Using current research, the NCTQ also created a list of standards,
rationales and indicators to help identify those institutions that are most likely to have
the strongest outcomes for their students. Being that the Teacher Prep Review is the most
current study of undergraduate elementary teacher preparation programs, and is also
controversial in its findings, this study chose to utilize this study for recruitment
purposes to add to current research on the mathematics education of undergraduate
elementary teacher preparation programs. Participants for this study were selected from
a top ranked institution, two average institutions, and an institution in need of
improvement at the undergraduate level. To view elementary teacher preparation as a
whole, this study also included participants from an alternative teacher preparation
program. Alternative certification programs are intended for graduates who did not study
education in college. After undergoing professional development, graduates in these
programs begin teaching while pursuing a master’s degree in education after work hours,
providing a quick pathway to teaching (Foderaro, 2010).
7

This study is comprised of two parts: an interview component and a survey
component. All interviewees in the study were identified by a pseudonym, and all
interviews were audio recorded and transcribed verbatim.
A two part survey was designed to obtain information to answer research
questions (1) and (4). The first part of the survey asks a series of questions to determine
the backgrounds of participants and also investigates their beliefs about teaching
mathematics by using the Mathematics Teaching Efficacy Beliefs Instrument (MTEBI).
Created by Enochs, Smith, and Huinker (2000), the MTEBI is a twenty‐one item self‐
reporting instrument divided into two categories: personal mathematics teaching
efficacy and mathematics teaching outcome efficacy. From the twenty‐one statements,
thirteen personal mathematics teaching efficacy statements were used to obtain data on
participants’ perceived pedagogical teaching competencies. For this study, the definition
of pedagogical teaching competencies is adapted from Dineke, Tigelaar, Dolmans,
Wolfhagen, & Cees (2004) as “…an integrated set of personal characteristics, knowledge,
skills and attitudes that are needed for effective performance in various teaching
contexts” (p. 255). The current study utilizes this definition with respect to the teaching
of mathematics.
The second part of the survey was designed as another tool to gather data on
participants’ pedagogical teaching competencies and investigates how participants
would teach particular elementary mathematics concepts that now require a conceptual
understanding in light of the CCSSM. These topics include: understanding place value,
base ten decomposition, modeling operations, reasoning both abstractly and
quantitatively with fractions, and conceptually understanding algorithms (University of
8

Arizona, 2011). For example, in the past it was enough that sixth graders be able to divide
two fractions with the use of the algorithm, but as indicated in the CCSSM, students in
sixth grade should now be able to apply their knowledge of multiplication and division to
divide fractions by fractions and be able to use a visual fraction model to represent the
quotient of two fractions. The problems used in this survey highlight the areas that
require students to have a conceptual understanding of mathematics rather than
memorizing a procedure to solve an exercise. Survey questions were distributed when
the participant agreed to participate in the study and were collected before the interview
was conducted. The surveys were not timed.
Organization of the Report
This dissertation is organized into five chapters.
Chapter 1 (Introduction) includes a discussion of the need for the study, the
purpose of the study, the research questions for the study, procedures for the study, and
finally the organization of the report.
Chapter 2 is the literature review for the study. This section discusses the current
research pertinent to issues in mathematics education and elementary teacher
preparation today.
Chapter 3 is the Methodology chapter of the study. This section describes the
research design of this study, including the study’s setting, how participants were
selected, demographics of participants, and data collection methods.
Chapter 4 is the Findings chapter. This section contains the results of the study
accompanied by tables where appropriate.
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Chapter 5 is the Summary, Conclusions, and Recommendations chapter and
includes a summary of conclusions that were yielded by the results of this study. This
section also includes for policy makers, teacher educators and higher learning
institutions, a discussion of recommendations to improve elementary teacher
preparation in mathematics and suggestions for future research.

10

Chapter II
LITERATURE REVIEW
The purpose of this study is to determine how well traditional elementary
preparation programs and alternative elementary certification programs are perceived
by aspiring teachers, to prepare them to teach mathematics to the standards required
today. Specifically, the researcher sought to understand what elementary teacher
preparation programs are doing in their preparation programs to overcome the diverse
mathematical backgrounds that pre‐service teachers bring, so that aspiring teachers feel
that they are prepared to teach mathematics to the higher standards that are demanded
at the current time. To carry out this study, a complete review of the current literature
was conducted. This review of the literature was ongoing throughout all phases of this
study.
After completing a critical review of the literature surrounding the topic of
elementary teacher preparation in mathematics, four major areas of research arose: the
current state of elementary teacher preparation programs in mathematics, the new
demands of the Common Core State Standards for Mathematics (CCSSM) and its
implications on teacher preparation programs, mathematical knowledge for teaching
(MKT), and finally pre‐service teachers’ mathematics efficacy and its relation to
mathematics education coursework. A review of the literature on the current state of
elementary teacher preparation programs in mathematics provides the background
information necessary for one to understand the autonomy of teacher preparation
programs and the variation in mathematics requirements from one teacher preparation
program to the next. A review of the literature on the CCSSM and its implications on
11

teacher preparation programs provides an understanding of the current changes that are
taking place in K‐12 mathematics education and what teacher education programs must
do so that teachers are prepared to enter the field with the knowledge and skills that are
necessary to keep up with the changes in curricula.
A discussion of MKT gives clarity to the kinds of knowledge that teachers of
mathematics should have and develop in their teacher preparation programs to be
successful teachers of mathematics. With the high level of mathematical understanding
required of students in elementary classrooms, developing pre‐service teachers’ MKT is a
crucial piece of elementary teacher preparation programs. Finally, the topic of
mathematics efficacy sheds light on the research that has been conducted to determine
the relationships that exist between prospective elementary teachers’ mathematics
preparation and their perceptions of their own ability to teach mathematics.
Current State of Teacher Preparation Programs
Teacher education programs in the U.S. vary across the nation as each state has
their own requirements for coursework and teaching experiences that lead to state
certification (National Council of Teacher Quality, 2008; Kilpatrick, 2001; Center for
Research in Mathematics and Science Education, 2010). Further, individual institution
requirements have been found to have no obvious correlation to state requirements
(National Council of Teacher Quality, 2008). As a result, inconsistencies exist in the
preparation of teachers within each state and the nation.
Teachers can obtain a license to teach via various pathways. “Traditional” teacher
preparation programs are usually housed in a higher education setting and result in a
bachelor’s or master’s degree in education. Alternately, prospective teachers can gain
12

certification by an “alternative” route, by which a teacher is licensed often without
needing to enter a higher education institution for traditional education coursework or a
degree in education (Perry, 2011). Alternative route prepared teachers account for
approximately one in five new teachers in the United States (Finn & Petrilli, 2007).
Alternatives to traditional state certification may resemble a variety of scenarios.
Alternative route can mean alternative ways to meet teacher certification requirements,
like a graduate level master’s degree program in lieu of an undergraduate teacher
education program, which may be viewed as maintaining or raising the standards for
entry into teaching. Another take is alternative certification, which adjusts the standards
for certification, and may include reduced training, or training completed during the
course of a teaching career rather than prior to the start of one’s career. This may be
considered to lower the standards for entry into teaching. Lastly, alternative certification
can also mean alternatives to state certification itself, allowing local employers to
prepare and certify their own candidates, removing state standards for teacher
certification entirely (Darling‐Hammond, 1990).
However, since most alternative certification programs require that candidates
demonstrate knowledge of subject matter to qualify for admission, the focus of teacher
preparation is not typically on content knowledge but is more on pedagogy, with an
emphasis on how to teach specific content to a diverse group of students (US. Dept. of
Education, Office of Innovations and Improvement, Innovations in Education, 2004).
Therefore although some alternative certification programs require an extensive amount
of coursework, in many cases, for elementary teachers this will not include coursework
on elementary mathematics content. In some cases, alternative certified teachers may
13

take courses in a university as part of their program; however, coursework varies among
participating universities, and it still remains that these teachers will not have the
necessary coursework in elementary mathematics prior to entering their teaching
position (US. Dept. of Education, Office of Innovations and Improvement, Innovations in
Education, 2004).
Currently, the amount of mathematics required for traditional pre‐service
elementary teaching programs differs vastly from one institution to the next (Center for
Research in Mathematics and Science Education, 2010; National Council on Teacher
Quality, 2008; Greenberg, McKee, & Walsh, 2013). In some programs, it is the case that a
student studying to become an elementary school teacher may never even complete a
course designed to enhance their knowledge on the fundamental concepts of elementary
mathematics. In 2008, the National Council on Teacher Quality (NCTQ) published a
report titled No Common Denominator. This report looked at elementary mathematics
preparation in seventy‐seven randomly selected higher learning institutions across the
nation and unveiled the inconsistencies between the chosen programs. Schools ranged
from having 0 to 12 semester hours in elementary mathematics content and 0 to 6 hours
in mathematics methods courses. Out of the 77 institutions in the study, 14 did not offer
any courses on elementary mathematics.
In its most recent report, the NCTQ found that out of 522 elementary
undergraduate programs evaluated for breadth and depth in elementary school
mathematics, only twenty‐five percent had coursework that addressed essential
elementary mathematics topics in adequate breadth and depth, thereby providing
teachers with the preparation necessary to meet the demands of the CCSSM. This leaves
14

seventy‐five percent of the undergraduate programs evaluated in this study, insufficient
to prepare elementary teachers to meet the demands of today’s mathematics classrooms.
According to the NCTQ, out of 205 elementary graduate programs evaluated, ninety‐eight
percent had program coursework addressing essential mathematics topics in inadequate
breadth and depth (Greenberg, et al., 2013). Both reports by the NCTQ demonstrate the
notion that elementary teacher preparation is not standardized in the United States, in
some cases leaving teacher candidates with limited coursework in elementary school
mathematics and unprepared to enter the classroom (NCTQ, 2008; Greenberg, et al.,
2013).
The Teacher Education and Development Study in Mathematics (TEDS‐M) also
found variation in the type of coursework necessary to prepare elementary teachers
(Center for Research in Mathematics and Science Education, 2010). This study examined
course taking and practical experiences provided by teacher preparation programs in 16
nations, specifically 80 institutions in the United States. This study also assessed teacher
knowledge of mathematics and mathematics pedagogy. The study revealed that in
elementary teacher preparation programs, roughly the same amount of time is devoted
to coursework in formal mathematics, mathematics pedagogy (which included both
elementary mathematics content courses and methods courses), and general pedagogy.
This approximate one‐third split generally held true from one institution to the next in
the United States as well as in comparison to institutions in other nations. The study also
found that elementary teacher candidate’s mathematics content knowledge varies across
institutions. After controlling for differences related to the selectivity of students, scaled
scores representing the level of an institution’s mathematical content knowledge ranged
15

from 450 to 600. The Center for Research in Mathematics and Science Education
accounts this variation as a reflection of the inconsistent views of what coursework is
necessary to prepare future teachers of mathematics (2010).
The varying views of what is necessary to prepare elementary teacher candidates
in mathematics results from the autonomous structure of higher education. According to
Kilpatrick (2001), in order to be certified to teach elementary school, only twelve states
require a minimum number of credits in mathematics, ranging from six to twelve
semester hours. Within this framework, states do not impose a particular type of course
to fulfill these credits. Therefore courses could include basic mathematics courses, such
as college algebra, methods courses that educate students on pedagogical knowledge,
courses focused on elementary mathematics content, or courses that teach a
combination of content and pedagogy. This contradicts the stance of the Conference
Board of the Mathematical Sciences (CBMS), that general mathematics courses such as
college algebra, calculus and higher‐level mathematics courses are not a substitute for
elementary mathematics coursework (CBMS, 2013).
To keep teacher preparation programs accountable and provide public
recognition of the quality of their programs, accrediting agencies like the National
Council for Accreditation of Teacher Education (NCATE) and the Teacher Accreditation
Education Council (TEAC) exist. When evaluating programs, NCATE looks for evidence of
student learning and data for program decision making while TEAC requires programs to
define their claims, develop and collect data using reliable instruments that measure
their claims, and demonstrate how findings from data are used for program
improvements (Erickson & Wentworth, 2010). According to the NCATE Standards, with
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respect to mathematics, “Elementary teachers know, understand, and use the major
concepts and procedures that identify number and operations, algebra, geometry,
measurement, data analysis, and probability. In doing so they consistently engage in
problem solving, reasoning and proof, communication, connections, and representation
(2008, p. 54).”

However, NCATE does not establish a certain number of credits that

teacher preparation programs must have in elementary school mathematics to achieve
this standard. As a result, different accredited teacher preparation programs may not
have comparable coursework in elementary school mathematics.
The NCTQ (2008) found a university in the Midwest having NCATE accreditation
without requiring any coursework in elementary mathematics. Furthermore, this
institution only offered one two‐credit course on mathematics methods for students,
leaving one to question whether this single course can adequately prepare teacher
candidates to achieve the NCATE standard. This example surfaces the point that although
a higher learning institution may be accredited, it is not the case that their teachers are
adequately prepared to teach mathematics, especially with respect to the new ways of
the CCSSM.
New Demands of the CCSSM and its Implication on Teacher Education Programs
According to their developers, the CCSSM were created in a unified effort to
promise children in the United States a high quality education that will provide them the
knowledge and skills in their K‐12 education necessary to survive in our highly
competitive global economy and society. To obtain this goal, the standards are
internationally benchmarked, evidence –based and build upon the current strengths and
lessons of state standards (NGA, 2010). For the mathematics standards, focus, coherence
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and rigor are the evidence‐based design principles that the standards were created from.
Focus stems from narrowing the scope of content within each grade level so that students
can build a deeper understanding of mathematics rather than a surface understanding of
many topics. Coherence has to do with making connections between topics and seeing
the progression of topics from one grade level to the next. Finally, rigor in coursework
comes in three equally intense domains: conceptual understanding, procedural skill and
fluency, and finally applications (NGA, 2013).
For elementary mathematics in particular, the standards stress not only
procedural skill but also conceptual understanding in order to assure that students are
learning the crucial information that is necessary to succeed at higher levels. In order to
facilitate the understanding of mathematics concepts and procedures with a progression
to more advanced application work, the elementary standards in grades K‐5 provide
students with a solid foundation in whole numbers, addition, subtraction, multiplication,
division, fractions and decimals. The elementary standards set the platform for the rich
and robust standards that continue in middle school and high school levels (NGA, 2010).
To set the foundation for the mathematical progressions that students will
continue to learn from kindergarten through twelfth grade, the CCSSM stress that
students should understand the mathematics they are doing at every level. The CCSSM
define what students should understand, and define understanding as the ability to
justify why a particular mathematical statement is true or where a rule stems from (NGA,
2010). Therefore since students are required to have this deep conceptual understanding
of mathematics, it is clear that teachers must also have a well‐versed understanding of
mathematics, and have the instructional tools necessary to convey this to their students.
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According to Schmidt (2012), teachers must deliver content, using their mathematics and
pedagogical knowledge to present content to their students in a way that enables
meaningful learning experiences. It is in the teacher’s hands to create an instructional
experience in which student learning takes place. Thus teachers not only need to be
trained with mathematics content but also the methods necessary to deliver the content
in a manner that their students can learn, understand and build on.
It is clear that teachers need to be educated on the new standards so that they are
able to implement them in their own classrooms in a manner that will hold learning to
the rich, rigorous vision at which these standards were initially created. Although many
states have had standards put in place, The Common Core State Standards for
Mathematical Practice paints a different view of mathematics learning than is common in
many content courses for teachers (Science and Mathematics Teacher Imperative/The
Leadership Collaborative Working Group on the Common Core State Standards, 2011).
Therefore teacher educators must alter professional preparation courses for aspiring
teachers to keep up with the changes that are embedded in the CCSSM. Without this
change, the disparity between teacher preparation and expectations of the CCSSM could
result in what is described as the “perfect storm”, a scenario where the newly adopted
standards are not executed to the level of rigor at which they were created because new
teachers are not equipped to teach mathematics with the level of understanding required
at the current time (Center for Research on Science and Mathematics, 2010). Thus if
teachers are not adequately prepared with the knowledge and tools necessary to teach
mathematics to the level of understanding required today, the basis of the CCSSM,
coherence, focus, and rigor in mathematics will not come to fruition.
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The report Gearing up for the Common Core State Standards in Mathematics
(Institute for Mathematics and Education, 2011) suggests that new teachers will need
further preparation in many areas. This new way of preparing teachers is the only way
that the CCSSM will be able to be implemented in adherence to its vision. According to
this document, the emphasis on understanding place value in grades K‐2 is new for many
teachers. Students will not only have to be able to identify the different places of a
number but they will have to understand that a multi‐digit number is comprised of
various amount of ones, tens, thousands, etc (…) and that the number is a sum of these
given amounts. Thus it is not only necessary that teachers themselves have this
understanding, they will also have to learn and gain experience in how to teach this
concept for understanding with their students.
In grades K‐5, algebra is another domain in which teachers will need further
preparation. Teachers will have to be well versed with the kinds of actions represented
by each operation, the variety of representations, and the limitations of different
representations. For grades 3‐5, the development of fractions and operations on fractions
in a carefully chosen sequence may be new to teacher educators. Students will be
required to represent fractions in multiple ways as well as be able to view fractions on a
number line. When teaching students to reason with fractions teachers must continually
emphasize the fraction as part of a whole. For example one‐half is only guaranteed to be
greater than one‐third when the fractions are referring to the same whole. Teachers
should use fraction models to help students visualize fractions as parts of a whole.
Furthermore, students must understand the logic behind the algorithms involved in
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operating with fractions and teachers will need preparation in how to teach for this
understanding.
In sixth grade, teachers should no longer limit proportional reasoning to setting
up a proportion and cross multiplying but instead teachers should incorporate ideas of
ratios, rates, and scaling to reason about these concepts. Ratios should be modeled using
tape diagrams, double number lines, and ratio tables. Teaching in this manner in the
elementary grades is new for many teachers. According to Dingman, Teuscher, Newton,
& Kasmer (2013), teacher education programs will need to consider changes to their
current practices in order to help pre‐service teachers meet the demands of the CCSSM,
including an emphasis on particular mathematical content at different grade bands and
the different types of reasoning expected across K‐8. Their research suggests that that
the CCSSM require an increased expectation of higher‐order thinking in several areas,
particularly in geometry. They found that in the past, the majority of K‐8 geometry state
standards had an emphasis on level 1 of van Hiele geometric thinking, whereas the
CCSSM has a greater emphasis on level 3 of van Hiele geometric thinking and a lesser
emphasis on level 1. Teacher preparation programs will have to change their methods of
teacher education so that new graduates of teaching can have a strong handle on
teaching elementary mathematical concepts for understanding. Going forward, education
programs have to educate prospective teachers on the different models and
representations of elementary mathematical concepts so that they can incorporate this
new way of teaching, thinking, and reasoning about mathematics into their own practice.
As a response to the CCSSM, in 2012 the Conference Board of the Mathematical
Sciences (CBMS) published the Mathematical Education of Teachers II, reflecting the
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current changes in mathematics education in grades K‐12, as a resource for those who
prepare both future and practicing teachers alike. The CBMS recommends that before
beginning to teach, elementary teachers should study in depth, from the perspective of a
teacher, the majority of K‐5 mathematics and its connections to pre‐kindergarten
mathematics as well as its connections to the mathematics found in grades 6‐8. Teachers
will need coursework in mathematical pedagogy to complement the content they are
learning. Therefore, it does not only suffice for aspiring teachers to strictly have the
knowledge of the mathematics taught in the elementary grades but they need to know
how the mathematics they teach evolves from kindergarten to the middle grades.
Teacher preparation programs will have to adjust their coursework in preparing
teachers to make this understanding happen. According to a survey conducted in 2006,
of over five thousand teachers, in sixty school districts, the majority of elementary
teachers demonstrate a lack of confidence in the topics taught in the later grades.
According to this report less than a 25% of elementary teachers felt prepared to teach
proportionality concepts, a topic that is the currently a domain in the sixth grade
standards of the CCSSM. In this survey, out of all elementary topics, there were only two
topics out of twenty‐four that 75% or more of elementary teachers felt they were well
prepared: whole number meaning and operation and properties. The report
demonstrates that for any given topic, there is a substantial percentage of elementary
teachers that do not feel “very well prepared” to teach the particular topic, and yet these
teachers have a certification to do so (PROM/SE, 2006). Thus, from this report it is clear
that aspiring teachers need to be given the appropriate coursework in their teacher
preparation programs so that they feel adequately prepared to teach all elementary
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mathematics concepts and simultaneously have knowledge of the mathematics that is a
precursor to elementary mathematics as well as the mathematics taught in the middle
grades.
The CBMS recommends that teacher preparation programs should require 12
semester hours that focus on the kindergarten through eighth grade mathematics found
in the CCSSM. Six of the twelve hours should focus on number and operations with
special attention given to the properties of operations. The remaining six hours should be
devoted to additional work with algebra, measurement and geometry. Courses should be
structured so that future teachers of mathematics have time to think about, discuss and
explain mathematical ideas in order to make sense of the mathematics they will
eventually teach, thereby learning mathematics content through the Common Core State
Standards for Mathematical Practice (CBMS, 2013).
To complement coursework, teacher preparation programs should also identify,
nurture and sustain high quality field experiences for future teachers (Science and
Mathematics Teacher Imperative/The Leadership Collaborative Working Group
(SMTI/TLC), 2011). Field experiences provide the opportunity for one to learn how to
apply the mathematical practices in real classrooms with real students.

In a study

conducted to find the impact of field experiences on pre‐service elementary teachers,
significant differences in knowledge of content and students as well as pedagogical
content knowledge were found between groups that took content and methods courses
while also participating in field experiences versus non‐field experience groups that only
took content or methods courses. This study also found that with 50 hours of fieldwork
prior to mathematics content and methods coursework, students still performed low on
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a content knowledge for teaching mathematics assessment, suggesting that past
experiences have little impact on mathematical pedagogical content knowledge for pre‐
service teachers (Strawhecker, 2005). This study demonstrates the importance of
complementing mathematics coursework with field experiences rather than completing
either one in isolation.
With the new reform based practices adopted by most states, it will be
particularly important for all aspiring teachers to be given opportunities to observe high
quality instruction aligned with the CCSSM and learn alongside masterful teachers. When
done well, field experiences ensure teachers can apply the education program knowledge
and skill that they have learned in their programs, in the classroom (Perry, 2011).
According to a study conducted by the Fordham Institute, out of 716 teacher educators in
four‐ year colleges and universities, 48% felt that too many cooperating teachers lack the
disposition and skills to be effective models for today’s student teachers (Duffet & Farkas,
2010). Therefore cooperating teachers should be carefully selected, so that prospective
elementary teachers are not undermining their coursework by observing and learning
from teachers that neglect reform and continue to use their status‐quo practices. Instead,
field experiences should provide an opportunity for both professionals and prospective
teachers alike, to develop communities of mathematical practice, and for higher
education to simultaneously engage in improving practice in schools while nurturing a
new generation of teachers (SMTI/TLC 2011).
The CCSSM alone will not revamp the quality of education in the United States. In
order for the standards to be implemented appropriately, teacher preparation programs
must also play their role in this time of transition. Higher learning institutions should
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reevaluate and alter their preparation programs to reflect the higher level of
mathematical understanding suggested in the standards. Teacher preparation, including
mathematics content courses, methods courses and field experiences need to work
together to develop prospective teachers’ knowledge of elementary mathematics content
and teaching.
Mathematical Knowledge for Teaching
Research conducted by Liping Ma (1999) comparing the understanding of
elementary mathematics of U.S. teachers versus teachers in China suggests that U.S.
teachers tend to be procedurally focused rather than teaching for a conceptual
understanding. For example, when examining subtraction with regrouping, Ma found that
seventy‐seven percent of U.S. teachers displayed only procedural knowledge of the topic
versus fourteen percent of Chinese teachers. The understanding displayed was
superficial, limited to aspects of the algorithm rather than demonstrating a conceptual
understanding. She found that this rigid understanding extended into the classroom and
limited the children’s understanding, indicating that elementary teachers in the United
States must have a better understanding of the conceptual foundations of the
mathematics they teach in order for their students to also gain this deep understanding.
Ma’s research exemplifies the present need for higher education to revisit the
professional preparation of teachers and revise the mathematical pedagogical content
knowledge that is necessary for teachers to teach the new standards (SMTI/TLC 2011).
According to Lee Shulman, content knowledge “refers to the amount and
organization of knowledge per se in the mind of the teacher” while pedagogical content
knowledge is “the ways of representing and formulating the subject matter that make it
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comprehensible to others” (1986, p. 9).

Therefore, in Shulman’s framework, content

knowledge in mathematics requires a deep understanding of the structures of
mathematics while pedagogical content knowledge is a particular form of content
knowledge that a teacher must have in order to teach mathematics for student learning.
This includes knowing the misconceptions that students bring with them about the
content they are learning and knowledge of strategies to successfully reorganize their
pre‐existing understanding of the content (Shulman, 1986).

Thus, PCK is the bridge

between content knowledge and the practice of teaching (Ball, Phelps & Thames, 2008).
Deborah Ball built on Shulman’s work on PCK and applied it specifically to
mathematics to coin the phrase “mathematical knowledge for teaching” (MKT). This is
the “mathematical knowledge needed to carry out the work of teaching mathematics”
(Ball, Phelps, & Thames, 2008, p. 395). It is the knowledge that enables a teacher to
predict and identify the misconceptions that students have, engage in error analysis of
mathematical tasks, have the ability to consider the multiple approaches to a solution,
and be able to identify alternate approaches that yield a correct answer. MKT also
includes being able to conceptually make sense of procedures in mathematics (Ball, et al.,
2008).

Hence, MKT is a kind of professional knowledge of mathematics, specific to

teachers of mathematics, which is different from the knowledge demanded by other
mathematically intense occupations (Ball, Bass & Hill, 2005).
The MKT framework refines Shulman’s framework of teacher knowledge and
further delineates two of his original categories, subject matter knowledge and
pedagogical teacher knowledge, into four domains. The four domains under its umbrella
include: common content knowledge (CCK), specialized content knowledge (SCK),
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knowledge of content and students (KCS), and knowledge of content and teaching (KCT).
The first two domains fall under subject matter knowledge while the latter two domains
fall under PCK.
Common content knowledge is the mathematical knowledge and skill that is not
unique to teaching while SCK is the mathematical knowledge and skill that is unique to
teaching. KCS is content knowledge combined with knowledge of how students think
about, know, or learn particular content. In utilizing this particular knowledge, teachers
should use their knowledge of the topic and their insights on students to further think
about what students are doing (Ball, Hill, & Schilling, 2008). For example, being able to
anticipate what concepts students will most likely find confusing (Ball, Phelps & Thames,
2008). KCT combines knowledge about teaching and knowing about mathematics. This
knowledge requires an understanding of mathematics content as well as an
understanding of pedagogical issues that will affect student learning.
To measure the domains of CCK and SCK, Ball, Hill, & Bass (2005) developed a 250
multiple‐choice questionnaire using research on the teaching and learning of
mathematics, analysis of curriculum materials, student work, and personal experience. In
measuring CCK, researchers developed questions that were set in teaching scenarios, but
still only required a level of mathematical understanding held by most adults. Questions
pertaining to SCK required teachers to analyze student work to determine validity of
alternate algorithms, identify representations of number or operations using pictures or
manipulatives, and give explanations for common mathematical rules. This instrument
was then used in studies to examine whether teachers’ scores are a predictor of high
quality instruction and increased student learning (Ball, Hill, & Schilling, 2004).
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Ball, Hill, & Rowan (2005) conducted a study looking at the effects of teachers’
mathematical knowledge on student achievement with a sample of 700 first and third
grade teachers and almost 300 students. The study focused on the effectiveness in
teaching mathematics as a predictor of student gains, including what knowledge a
teachers has and how they then use this knowledge in their classrooms. Although
teachers may be highly proficient in their knowledge of mathematics, this does not
suffice, to help students learn they must also be able to use their pedagogical content
knowledge to perform the tasks that they perform as teachers. From the MKT
measurement instrument, researchers selected questions dealing with specialized
mathematical knowledge and skills used in teaching mathematics, and found that
teachers’ CCK and SCK was significantly related to student achievement in first and third
grades, even when controlled for various factors including socioeconomic status,
absences, and teacher credentials. The size of the effect of teachers’ MKT was comparable
to the size of the effect of socioeconomic status on student gain scores, thereby a means
of slowing down the growth of an achievement gap (Ball, Bass & Hill, 2005). Thus it is
clear by this study that teachers need to be prepared with the various domains of MKT,
not only so they can be successful in the classroom, but also to better ensure the success
of their students.
Hill and researchers (2008) conducted a study to find the relationship between a
teacher’s MKT and their mathematical quality of instruction (MQI). MQI is a “composite
of several dimensions that characterize the rigor and richness of the mathematics of the
lesson, including the presence or absence of mathematical errors, mathematical
explanations and justification, mathematical representation, and related observables” (p.
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431). Using a sample of ten teachers from second to sixth grade, the MKT measurement
instrument and video‐taped teacher lessons, this study attempted to test the relationship
between teacher subject matter knowledge and instruction by comparing teachers with
varying levels of MKT to understand how MKT is expressed in instruction. To measure
MQI researchers designed a coding scheme comprised of 12 codes for teachers’ MKT, 8
codes for teachers’ use of mathematics with students, and 10 equity codes. Each teacher
submitted 9 video taped lessons, and lessons were broken down and coded in five‐
minute segments. Each teacher was then given an overall lesson score based on the mean
of the nine individual lesson scores.
According to their results, teachers carrying a high level of MKT provide better
mathematical instruction for their students by avoiding mathematical errors, using their
knowledge to support rigorous reasoning and explanations, having the ability to better
analyze and use mathematical ideas, and using more mathematics overall in the
classroom. Researchers found more consistent examples of elegant mathematics in the
classrooms of teachers with a high MKT compared to teachers with low MKT. Teachers
with a low MKT were found to have more variability in the quality of their lessons, with
just as many lessons going poorly as going well (Hill, et al., 2008). In an effort to give
students in today’s classroom access to a rigorous understanding of elementary
mathematics, this finding supports the need for teacher preparation programs to build
pre‐service teachers’ mathematical knowledge for teaching.
Since the time that teacher educators spend with prospective teachers is limited,
it is impossible for educators to address all the mathematical topics that an elementary
teacher may encounter in their teaching career. The goal of elementary mathematics
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courses should be to develop independent, reflective learners that have the ability to
address new content and new pedagogies as they are presented, and make sense of new
mathematical ideas on their own (Browning, Garza‐Kling, Moss, Thanheiser & Watanabe,
2010). According to the CBMS (2001), teacher educators should identify what
conceptions pre‐service teachers have when they enter classrooms and then build on
these conceptions. Therefore students should be engaged in tasks created to address the
concepts that they are familiar with in an effort to make way for the development of more
sophisticated ideas.
Courses should aim to develop connections between mathematical content
knowledge and knowledge of content and teaching, knowledge of content and children,
and knowledge of the curriculum. Students should be provided with the opportunity to
grapple with unfamiliar mathematical concepts by using their common content
knowledge to make new connections for related mathematical ideas. This process will
develop and build on their current knowledge of mathematics (Browning et al., 2010).
Burton, Daane, and Giesen (2008) found that by infusing 20 minutes of 5th and 6th grade
mathematics content into a mathematics methods course, pre‐service teachers
demonstrated greater improvement in content knowledge for teaching mathematics
compared to the control group that was not exposed to this content.

Thus blending

content and pedagogy into coursework proves very beneficial in building MKT for pre‐
service elementary teachers.
Teachers should provide opportunities for mathematical communication and use
formative assessments to inform instruction, to not only build their understanding of
mathematics but also to provide a model for their own teaching. Pre‐service teachers
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should look at student examples to bring to surface the struggles that children face with
certain concepts in an effort to build on their knowledge of student thinking and their
own understanding of these concepts. Only looking into what the mathematics content
should be in elementary teacher preparation misses an important part of the picture,
which is how mathematics content should be taught (Browning, et al., 2010). Therefore in
order to build MKT, teacher educators have to incorporate a balance of content and
pedagogy in their teacher preparation classes so that pre‐service teachers can develop
the knowledge encompassed in all the domains of MKT.
Mathematics Efficacy for Pre‐Service Teachers
The term teacher efficacy can be defined as a teacher’s “ judgment of his or her
capabilities to bring about desired outcomes of student engagement and learning”
(Tschannen‐Moran & Woolfolk Howy, 2001, p.783). Teacher efficacy was built upon the
construct of self‐efficacy, first described by Bandura (1977) as the judgment of one’s
capability to accomplish a task. Enochs, Smith, & Huiniker (2000) further separate the
term into a two‐dimensional construct that includes personal teaching efficacy and
teaching outcome expectancy. Personal teaching efficacy is a teacher’s belief in his or her
own teaching effectiveness, while teaching outcome expectancy is a teacher’s belief that
effective teaching can result in positive student learning outcomes, regardless of any
external factors.
Research studies have indicated that teachers with a high teaching efficacy are
more likely to try new strategies, including techniques that may be difficult to implement
and those that involve risks such as sharing control with students (Hami, Czerniak &
Lumpe, 1996; Riggs & Enochs, 1990). Highly efficacious teachers have been found to be
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more likely to use inquiry and student‐centered teaching strategies, whereas teachers
with a low sense of efficacy are more likely to use teacher‐directed strategies, such as
lecturing and reading from the text (Czerniak, 1990). Briley (2012) found that personal
mathematics teaching efficacy is found to have a statistically significant positive
relationship to the beliefs about the nature of mathematics, the beliefs about doing,
validating, and learning mathematics, and to the beliefs on the usefulness of
mathematics. Therefore building teachers’ mathematics efficacy is very important,
especially with the new teaching strategies and techniques involved in the CCSSM.
Numerous studies have found significant increases in mathematics teaching
efficacy after completion of a mathematics methods course (Huinker & Madison, 1997;
Utley, Mosley, & Bryant, 2005 ; Swars, Hart, Smith, Smith, & Tolar, 2009). Swars, et al.
(2009) found significant increases in both overall personal mathematics teaching efficacy
and mathematics teaching outcome efficacy during methods courses.

In teacher

preparation programs, mathematics methodology courses act as the primary mechanism
for influencing teacher candidates’ beliefs about mathematics pedagogy (Mixel & Cates,
2004). Methods courses that emphasize a development of conceptual knowledge before
procedural knowledge and promote a culture of understanding and successful problem
solving have found to help alleviate the mathematics anxiety of aspiring elementary
teachers (Swars, et al., 2009), thereby increasing their mathematics teaching efficacy
(Swars, Daane, Giesen, 2006).
Swars, et al. (2006) found that mathematical anxiety has a negative relationship
with mathematics teaching efficacy. Results from their study suggest that pre‐service
teachers need experiences within mathematics methods courses which address their
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past experiences with mathematics. This self‐awareness of negative experiences with
mathematics may be a building block towards reducing mathematics anxiety and
increasing mathematics teaching efficacy.
Although methods courses in preparation programs have been found to increase
teacher candidates’ mathematics teaching efficacy and influence their beliefs on the
teaching of mathematics, this has not been found to transfer into their practice in the
classroom (Raymond, 1997; Vacc & Bright, 1999). This can be attributed to the finding
that beliefs about mathematics content are more closely linked to instructional practice
than beliefs about mathematics pedagogy (Raymond, 1997). Briley (2012) found that
mathematical beliefs are a statistically significant predictor of and have a statistically
significant effect on mathematics teaching efficacy.

Therefore teacher preparation

programs should aim their efforts towards influencing teacher candidates’ beliefs about
mathematics content through content courses (Mizell & Kates, 2004). According to the
research mentioned, content courses can be a venue to influence teacher candidates’
beliefs about mathematics content, thereby affecting their mathematics teaching efficacy
and instructional practices.
Data indicates that as prospective teachers develop their understanding of the
mathematics content knowledge needed to teach at the elementary level, they become
better able to understand and embrace pedagogical beliefs that are more cognitively
oriented and become more confident in their own skills and abilities to teach
mathematics effectively (Swars et al., 2009).

Yet when researching the impact of

additional content courses on teacher candidates’ beliefs on mathematics content and
pedagogy, Cates & Mixell (2004) found that although the experimental group with
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additional content coursework gained confidence in their own mathematical abilities,
they also grew more traditional in their pedagogical beliefs and more strongly believed in
a lot of workbook practice for students. The authors attribute this finding to be a result of
teacher‐directed instruction in their content courses. Therefore content courses should
be structured to be student centered rather than teacher directed, so that prospective
teachers are exposed to the kind of teaching that will be expected of them when they
enter the classroom (Browning, et al., 2010). According to Briley (2012), pre‐service
teachers’ reflections on their mathematical beliefs in a constructivist classroom may
emerge lasting change to their mathematical beliefs, mathematics self‐efficacy, and
mathematics teaching efficacy, which may continue on into their teaching careers.
Fieldwork is another source for changing teachers’ efficacy beliefs. During
fieldwork, pre‐service teachers’ efficacy beliefs in mathematics are subject to change
(Charlambos, Charlambous, Pillipou, & Kyriakides, 2008).

After interviewing

participants from a study on the development of pre‐service teachers’ efficacy beliefs on
mathematics, Charlambos, et al., (2008), found that being in schools during student
teaching and experimenting with teaching mathematics on nearly a daily basis helped
prospective teachers to develop a sense of their competence. However, results from their
study revealed that pre‐service teachers’ efficacy beliefs do not evolve in uniform ways,
for example some teachers finished their student teaching with very low efficacy beliefs.
The authors suggest that in addition to personal mathematics beliefs, mentors play a
pivotal role in informing efficacy beliefs for prospective teachers as they have the
potential to inhibit opportunities to experiment with reform‐oriented approaches and
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even damage teacher efficacy beliefs. Thus as mentioned earlier, careful measures should
be taken when recruiting teachers as mentors for pre‐service teachers.
Student teaching has been found to have varying results on mathematics teaching
outcome efficacy beliefs (Hoy & Woolfolk, 1990 & Swars, et al., 2009). Some studies
indicate that pre‐service teachers’ outcome efficacy beliefs decline during student
teaching because of the unrealistic optimism that prospective teachers have before they
are immersed in their student teaching experience (Hoy & Woolfolk, 1990). Swars. et al.
(2009) found that mathematics teaching outcome efficacy (MTOE) beliefs remained at
the same level during student teaching. The researchers attribute this positive finding to
the numerous field experiences that teacher candidates participated in prior to student
teaching, which may have tempered any unrealistic expectations, preventing a decline in
their MTOE beliefs. Therefore it is beneficial for teacher preparation programs to have
ongoing opportunities for field experiences, not only to prevent unrealistic expectations,
but so that students can develop a sense of their competence early on and improve on
their areas of need before entering the workforce.
Concluding Remarks
This chapter displays a review of the literature that forms the basis for this
proposed study. First the chapter began by displaying the vast disparity between the
current mathematics preparation of pre‐service elementary teachers and the preparation
that is necessary to adhere to the vision of the Common Core State Standards.

To

accomplish this the chapter first reviewed the structure and varying coursework
requirements found in elementary teacher preparation programs across the nation and
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then moved on to discuss the current expectations of elementary school mathematics
teachers under the newly developed Common Core State Standards for Mathematics.
As discussed in the previous chapter, for this study, teaching competencies are
defined as “…an integrated set of personal characteristics, knowledge, skills and attitudes
that are needed for effective performance in various teaching contexts” (Dineke, et al.,
2004, p. 255). Since the role of teacher preparation programs is to prepare teachers with
the teaching competencies necessary to be successful in today’s classroom, MKT and
mathematics teaching efficacy beliefs were reviewed to inform this study.
Compared to the past, the CCSSM require different types of reasoning skills in K‐8
mathematics, including expectations of higher order thinking in many areas. Therefore
teachers require a deeper understanding of mathematics, beyond that of a procedural
understanding. Thus a discussion of mathematical knowledge for teaching (Ball, Thames,
& Phelps, 2008) presents a theoretical context for this study as it displays the multiple
dimensions of knowledge that teachers of mathematics need in order to be successful in
the classroom.
Building mathematics teaching efficacy beliefs in pre‐service teachers is also a
crucial piece of teacher preparation programs. Teacher candidates should feel well
prepared and confident in their abilities to teach mathematics. Since elementary teacher
candidates enter teacher preparation programs with a variety of mathematical
experiences that influence their own beliefs on their abilities to teach mathematics,
teacher efficacy beliefs are also presented in this literature review as another theoretical
context for this study.
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Chapter III
METHODOLOGY
The purpose of this study is to determine how well traditional elementary
preparation programs and alternative elementary certification programs are perceived
by aspiring teachers, to prepare them to teach mathematics to the standards required
today. The researcher believed that findings from this study would allow policy makers to
make more informed decisions on mathematics coursework and field experiences
provided in elementary teacher preparation programs. To understand how we are
currently preparing elementary teacher candidates to teach mathematics, the study
addressed four research questions: (1) How do participants describe their mathematical
experiences prior to entering their teacher preparation programs? (2) How do
participants describe the mathematics preparation they receive in their respective
preparation programs and what types of mathematics preparation, if any, do they wish
they had before beginning student teaching? (3) What kinds of additional professional
activities, beyond the official preparation received in their teacher education program, do
participants engage in outside the classroom to support and enhance their formal
preparation for mathematics teaching? (4) What are participants’ perceived pedagogical
competencies in mathematics and how do these differ across various preparation
programs?

This chapter discusses the research methodology behind this study and

addresses the following areas: (1) the rationale for research approach, (2) description of
the research sample, (3) summary of information needed, (4) overview of the research
design, (5) methods of data collection, (6) analysis and synthesis of the data, (7) ethical
considerations, and (8) limitations of the study.
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Rationale for Research Approach
Qualitative research is best utilized to promote a deep understanding of a
social setting or activity as viewed from the perspective of the research participants,
implying an emphasis on exploration, discovery, and description (Bloomberg & Volpe,
2008). Since the current study uses the perspectives of teacher candidates to paint a
picture of how elementary pre‐service teachers are being prepared to teach mathematics,
a qualitative approach seemed to be the most suitable research method. Specifically,
Marshall (1985) suggests that qualitative research be used for research that seeks to
explore where and why policy and local knowledge and practice are at odds. Through a
review of the literature, it was found that in order for the CCSSM to be instituted in
classrooms appropriately, teachers require a deep understanding of the mathematics
taught at the elementary level, yet the literature suggests that there is a wide variance in
how elementary teacher preparation programs are preparing teachers to teach
mathematics. Qualitative studies are used to understand how people interpret their
experiences, how they construct their worlds, and what means they attribute to their
experiences (Merriam, 2009). This study uses a qualitative approach to describe the
varying experiences of participants in their elementary mathematics preparation
programs in an effort to understand how higher learning institutions are preparing
aspiring teachers to enter the Common Core classrooms of today.
This study uses phenomenology as the framework for this qualitative study.
The purpose of phenomenological research is to investigate the lived experience of
people to develop patterns and relationships of meaning (Volpe, 2008). Since this study
uses the perspectives of participants to understand and paint a picture of how
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elementary teacher preparation programs are preparing elementary school teachers to
teach mathematics in today’s classrooms, phenomenology is the most suitable approach
for this study.
The Research Sample
Purposeful sampling was used to select participants for this research study. In
purposeful sampling subjects are selected because of some characteristic (Patton, 1990).
In particular, maximum variation is a type of purposeful sampling that was used in this
study. Maximum variation sampling aims to capture and describe the central themes that
cut across a great deal of variation. To obtain this type of sample one begins by
identifying diverse characteristics or criteria for selecting the sample. The data collection
and analysis will yield two types of findings, first high‐quality, detailed descriptions of
each case that will document the uniqueness in each sample, and second, any important
shared patterns that emerge across the varying cases (Patton, 1990).
To obtain a sample with a wide variety of preparation in mathematics, the
principal investigator reached out to institutions that participated in the Teacher Prep
Review 2013 Report, published by the National Council on Teacher Quality (NCTQ). The
Teacher Prep Review is a report examining the basic elements of teacher preparation
design including admission standards, syllabi, course descriptions, textbooks, student
teaching manuals, graduate surveys, and other documents as a “blueprint” for molding
teachers (NCTQ, 2013). Based on these elements, elementary teacher preparation
programs were given a ranking out of four stars, four being the best and zero stars being
the most in need of improvement. For this study, recruitment efforts were based on the
report’s grade for standard 5, the Common Core Elementary Mathematics Standard and
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standard 1, Selection Criteria. To obtain a full picture of elementary teacher preparation
in mathematics and keep the institutions selectivity standardized, the researcher
recruited participants strictly from institutions earning four stars in the selectivity
standard (meaning these programs only admit the top half of college students into their
teacher preparation program) and varied the amount of mathematics preparation in the
sample by recruiting participants from five institutions with stars ranging from zero to
four.
The data used to score the mathematics standard included course descriptions
and credit information of elementary mathematics content and methods courses in
institution of higher education catalogs, syllabi of required elementary mathematics
content courses, required primary textbooks in required elementary mathematics
content courses, and integrated Postsecondary Education Data System (IPEDS) data on
mean university SAT/ACT scores or mean of SAT/ACT scores self‐reported to the College
Board. Using this data, one subject specialist then evaluated each program using a
detailed scoring protocol and ten percent of the programs were randomly selected for a
second evaluation to assess any variances in scoring (NCTQ Standard 5 Breakdown,
2013). From this analysis, undergraduate and graduate elementary teacher preparation
programs were assigned a score for their mathematics preparation ranging from zero to
four stars. Four or three stars designate a preparation program whose coursework
addresses essential mathematics topics in both adequate breadth and depth. Two stars
designate a program whose coursework addresses essential mathematics topics in
adequate breadth but not depth. Finally, a one or zero star designates a program whose
coursework addresses essential mathematics topics in inadequate breadth and depth.
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Programs may have earned a few or no stars due to a variety of reasons including:
mathematics coursework that includes courses that are designed to prepare both
elementary and middle school teachers, content coursework that focuses on elementary
mathematics methods rather than content, and lack of a high‐caliber elementary content
mathematics textbook to support instruction (NCTQ Findings, 2013).
Although the 2013 Teacher Prep Review has undergone much scrutiny in the
media, being that this report is the most current document examining elementary
teacher preparation programs at the undergraduate level, the researcher felt that the
current study would add to the body of research in elementary teacher preparation in
mathematics by examining the alignment of the 2013 Teacher Prep Review to the
perceptions of future teachers that attend the institutions in the report. Thereby
recognizing the criticisms of the methodology of the NCTQ report, the researcher felt that
using a research sample based on its rankings would provide another means of
investigating the accuracy of the report while advancing current research in elementary
teacher preparation in mathematics. The researcher’s initial intent was to recruit
participants from one four‐star program, one two‐star program, and one zero‐star
program in hopes to obtain ten participants from each. After emailing 32 institutions
listed as four stars in the selectivity category of the Review, four institutions responded in
agreement to participate in the study: one high ranking undergraduate elementary
teacher preparation program in mathematics with a four‐star designation, two average
programs with a two‐ star designation, and one program in need of improvement, with a
zero‐star designation. The researcher had to obtain IRB approval from one of the
institutions before program supervisors were able to send out the electronic survey.
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The four‐star teacher preparation program participating in this study is part of a
state institution located in the south. This institution admits seventy‐five undergraduates
into its early childhood education program each semester. Students must obtain a GPA of
2.8 to apply to the program. The coursework requirements for this program in
mathematics include three mathematics courses, one of which is required for entry into
the program, the other two satisfy a foundations and quantitative reasoning requirement.
According to the institution’s website, two elementary education mathematics courses
should be substituted to satisfy these two requirements. One is a geometry course that
examines mathematical topics designed for future elementary teachers discussing
properties of angles, circles, spheres, triangles, quadrilaterals, measurement, length, area,
volume, transformations, congruence, and similarity. The other is a numbers, algebra,
and statistics course for elementary school teachers designed to examine number sense,
algebra including expressions and solving equations, and basic descriptive statistics. The
required mathematics course necessary to be admitted into the program is a course
examining the meaning of all arithmetic operations with whole numbers, fractions,
decimals and discussing ratios and proportions. Once students are admitted into the
program, they then must complete two methods courses.

One is a course titled

“Children’s Mathematical Learning,” examining the development of mathematical
thinking and learning by including a field component and another titled “Mathematics
Teaching and Curriculum in PreK‐5th Grade,” incorporating content and materials
appropriate for teaching mathematics in these grades by integrating an analysis of
mathematics teaching, including the use of technology along with a field component. The
program coordinator sent out an email to all elementary student teachers in the
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undergraduate program and five students agreed to participate, approximately a seven
percent response rate.
The first two‐star teacher education program (TEP), let it be known in this study
as “TEP A”, is a mid‐size university in located in the Midwest. Students must have a
minimum GPA of 2.5 in order to be accepted into the elementary education major.
Coursework in mathematics education includes two content courses and one methods
course. One course is titled “Math for Elementary Teachers Number Sense and Algebra”,
while the other is titled “Math for Elementary Teachers: Probability, Statistics, and
Geometry”. The university also requires an additional mathematics methods course. No
description of this course can be found on the institution’s website. Program A has a
partnership with local school districts to provide field experiences for students for four
semesters followed by student teaching. After the recruitment email was sent to student
teachers, ten out of seventy‐two student teachers participated in the survey, or a 14
percent response rate.
The second two‐star program, let it be known in this study as “TEP B”, is small
state school located in the Midwest. Coursework includes Foundations of Mathematics in
Elementary Education Courses I and II, as well as one methods course titled “Teaching
Elementary/Middle School Mathematics” that provides ten hours of teaching experiences
out on the field. Course descriptions could not be found on the website. Two participants
from this institution agreed to participate in the survey and the researcher was not able
to ascertain how many student teachers were in the program, thus no response rate can
be noted.
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The zero‐star program that agreed to participate in the research study is a small
private institution located in New York State. The institution requires students to take
one three credit, “Teaching Mathematics” course and one three credit methods course.
The program supervisor noted that there were only three student teachers in the
program and all three agreed to fill out the survey, with a one hundred percent response
rate.
The researcher sought to find alternate route certification participants that had all
gone through the same alternate route certification program and thus a snowball
sampling strategy was used. Snowball, chain, or network sampling is a form of purposeful
sampling that involves finding a few key participants that meet the criteria of your study
who then refer you to other participants (Merriam, 2009). In this study the researcher
did not use participants to “snowball”, but instead reached out to a colleague that gained
certification and networks with teachers from a particular alternative route certification
program.

This colleague reached out to her network of teacher colleagues and they

identified first year elementary teachers in their schools that gained certification through
a specific alternate route program.
The researcher was able to obtain thirteen potential participants and contacted
them directly via email. From this pool of potential participants, five agreed to participate
in the study. All participants were part of the same alternative certification program
located in New Jersey. This particular program is designed particularly for novice
teachers with up to two years of teaching experience and provides a ninety‐hour
program that leads to state teacher certification. During the weekend and weeknight
seminars teachers learn teaching techniques and subject matter knowledge. They then
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spend part of their weekly seminars practicing these techniques with faculty and peers
and obtain feedback on their teaching. The curriculum is delivered through both in‐
person and online platforms. The seminars are held two weeknights per week and one
Saturday each month during the academic year along with sessions during the summer
prior to the start of the school year and a one‐week session following the academic
school year.
All participants in this study had completed all the mathematics courses required
in their preparation program and were in the middle of their student teaching or in the
case of the alternative route certification participants, their first year teaching. With the
exception of one of the alternative route certification participants, all participants were
female in this study.
Once participants filled out the electronic survey, they were then asked to
participate in a follow up interview. Out of the 25 students participating in the study,
seven agreed to a follow up interview. Thus a convenience sample was used for the
interviews based on responses to the recruitment letter.
Overview of the Research Design
The following list describes the steps used to conduct the research for this study
followed by an in‐depth discussion of each step.
1. Following the proposal defense, the principal investigator was granted IRB
approval to begin the research.
2. Prior to collecting data, a review of the literature was conducted to research
existing contributions made to the study of elementary teacher preparation in
mathematics.
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3. Potential elementary teacher preparation programs, adhering to the criteria
mentioned in the previous section were contacted via email, and those that
agreed to participate were sent a recruitment letter along with a link to the
electronic surveys. The surveys collected demographic along with perceptual
data from the participants.
4. One on one, in‐depth interviews were conducted with seven of the
participants.
5. Interview data responses analyzed within and between the different
interviewees.
Proposal Defense and IRB Approval
The researcher developed a proposal for this study that included: the need for the
study, the purpose statement, research questions, and procedures. Once the proposal was
successfully defended, the researcher applied and was granted IRB approval to conduct
the study.
Literature Review
An ongoing consultation of current literature was conducted to inform this study.
There were four major areas of research that arose from the review of the literature: the
current state of elementary teacher preparation programs in mathematics, the new
demands of the Common Core State Standards for Mathematics (CCSSM) and its
implications on teacher preparation programs, mathematical knowledge for teaching
(MKT), and finally pre‐service teachers’ mathematics efficacy and its relation to
mathematics education coursework. The literature review provided the researcher with
a holistic understanding of the elementary teacher preparation in mathematics by
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identifying two key elements necessary in preparing teachers, building MKT and
mathematics efficacy, as well as providing a glimpse into the current state of elementary
teacher preparation programs with regards to structure, coursework, and the CCSSM.
To gain clarity on the current state of teacher preparation program, the researcher
reviewed various studies related to elementary teacher preparation in mathematics,
including the NCTQ Teacher Prep Review (2013), No Common Denominator (NCTQ, 2008),
and a report on the Teacher Education and Development Study in Mathematics (Center
for Research in Mathematics and Science Education, 2010). Recommendations by the
CBMS informed this study on the CCSSM and its implications on the coursework for
teacher preparation programs.

This literature was used to inform the interview

questions on participants’ teacher preparation in mathematics and the questions asked
in the mathematics pedagogy survey. The report Gearing up for the Common Core State
Standards in Mathematics (Institute for Mathematics and Education, 2011) provided
research on the new demands of the CCSSM and the resulting areas where teachers will
need further preparation. These areas were then used to inform the design of the
mathematics pedagogy survey as concepts were chosen that reflect these particular
areas.
In the past, it would suffice for students to have a fluent procedural understanding
of elementary school mathematics, but the CCSSM have changed this, students are now
required to have a deeper understanding of mathematics concepts. Therefore, teachers
must have a conceptual understanding of mathematics. Teachers must also be able to
make this knowledge accessible for their students. Teacher preparation programs must
build this knowledge in prospective teachers. Therefore, literature by Deborah Ball was
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reviewed to gain an understanding of the dimensions of mathematical knowledge for
teaching and how this knowledge can be instilled in pre‐service teachers. This literature
was used to design the types of questions asked in the mathematics pedagogy survey.
Since this study utilized a mathematics teaching efficacy survey to gather data on
participants’ perceptions of their pedagogical teaching competencies, literature on
mathematics teaching efficacy is the last area of research that informed this study.
Data‐Collection Methods
Phase I: The Surveys
Thirty‐two undergraduate elementary teacher preparation programs were
contacted via email to participate in the study along with thirteen first year teachers
participating in an alternative route certification program. Of those undergraduate
institutions and individuals contacted, four programs and three individuals agreed to
participate. Participants were given the choice between paper copies of the survey or an
electronic mail containing four links, participants’ rights and consent form, a background
survey, “Your Beliefs About Teaching Mathematics Survey,” and a “Mathematics Pedagogy
Survey.” All but one of the four programs chose to complete the surveys electronically.
According to Fowler (2013), survey research is aimed at “tapping the subjective feelings
of the public…There are, in addition, numerous facts about people and their behaviors
and situations of people that can only be obtained by asking a sample of people about
themselves” (p. 2). The survey instrument utilized in the current study included both
multiple choice and open‐ended responses to tap into participants’ perceptions of how
their teacher preparation programs have prepared them to teach mathematics, including
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perceptions of their coursework, mathematics efficacy, perceived mathematics
competencies and their views on mathematics pedagogy.
The Background Survey
The purpose of the background survey was to obtain demographic information on
participants and to gain insight on their mathematics preparation, both in general
mathematics and with respect to mathematics education, at the high school and
university level. Participants were asked to select the mathematics courses they took
prior to entering their teacher preparation program and indicate the number of courses
they took in both, elementary mathematics content and mathematics methods. To gain
insight on participants as mathematics students prior to entering their teacher
preparation program, information was gathered on participants’ performance in
mathematics, such as “I was an A student “, “I was a B student”, and so on. With these
categories it was possible to make comparisons on the varying mathematics experience
that participants had within a teacher preparation program and across the different
programs to answer the first and second research question for this study. Data was
collected, such as the grades that one student teaches in (or has taught in), which were
not used in this study. Personal information such as name and institution of study were
collected but were replaced with a pseudonym to maintain confidentiality.
Your Beliefs About Teaching Mathematics Survey
The purpose of the “Your Beliefs About Teaching Mathematics ” survey was to
collect information on participants’ beliefs about teaching mathematics. The instrument
was created by Enochs, Smith, and Huinker (2000) and is originally titled the
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Mathematics Teaching Efficacy Beliefs Instrument. This twenty‐one question survey is
divided into two categories, personal mathematics teaching efficacy, that is a teacher’s
belief in his or her own teaching effectiveness, and mathematics teaching outcome
expectancy, a teacher’s belief that, regardless of external factors, effective teaching can
result in positive student learning outcomes. Survey choices were in the form of a five
choice Likert scale: “strongly agree”, “agree”, “undecided”, “disagree”, and “strongly
disagree”. The personal mathematics teaching efficacy (PMTE) statements were analyzed
for this study and are listed in the table below.
Table 1. “Your Beliefs About Teaching Mathematics” PMTE statements
I continually find better ways to teach mathematics.
Even if I try very hard, I do not teach mathematics as well as I teach most subjects.
I know how to teach mathematics concepts effectively.
I am not very effective in monitoring mathematics activities.
I generally teach mathematics ineffectively.
I understand mathematics concepts well enough to be effective in teaching
elementary mathematics.
I find it difficult to use manipulative to explain to students why mathematics works.
I typically am able to answer students’ questions about mathematics.
I think I do not have the necessary skills to teach mathematics.
Given a choice, I would not want my principal to evaluate my mathematics teaching.
When a student has difficulty understanding a mathematics concept, I am usually at
a loss as to how to help the student understand it better.
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When teaching mathematics, I usually welcome students’ questions.
I do not know what to do to turn students on to mathematics.

This survey was used to gain insight on the attitudes and perceptions of
participants towards their own teaching of mathematics, informing research question
four, therefore there was no “right” or “wrong” answer.

However, with teacher

preparation programs preparing teachers for the Common Core classrooms of today,
building mathematics efficacy is an integral part of this process. The literature states that
highly efficacious teachers have been found to use more student‐centered teaching
strategies (Czerniak, 1990). This aligns with the vision of the Common Core State
Standards for Mathematics Practice. In addition, mathematics efficacy has a statistically
positive relationship to the beliefs about the nature of mathematics, as well as doing,
validating, and learning mathematics (Briley, 2012).
The Mathematics Pedagogy Survey
This survey was designed to investigate how participants would teach elementary
mathematics concepts that now require a conceptual understanding for students due to
the CCSSM. According to the Common Core Initiative, “understanding how the standards
differ from previous standards, and the necessary shifts they call for‐ is essential to
implementing them” (Corestandards.org). Therefore the researcher used questions that
aligned with the key instructional shifts of the Common Core, including the call for
conceptual understanding of key concepts in areas of place value and fractions (Institute
for Mathematics and Education, 2011). Since arithmetic is a key focus in elementary
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school mathematics, questions in this survey were under the number and operations
domain of the CCSSM and spanned across grades one through seven.
The first three questions in this survey were adapted from a pedagogy survey
designed by Licwinko (2014) to research problematic elementary mathematics topics in
areas of fractions, estimation, subtraction, and area and perimeter. Additional questions
on fractions were added to investigate how pre‐service teachers would teach particular
concepts that were not included in the survey. Following the recommendations for
elementary teacher preparation in the Mathematical Education of Teachers II, this survey
also had a question that dealt with mathematics in the middle school level by designing a
question on the subtraction of integers. Lastly, to investigate participants’ knowledge of
alternate algorithms and place value, the last question of the survey was designed after a
question in the mathematical knowledge for teaching measures (Hill & Ball, 2008).
The questions were open‐ended so that participants could describe their own
approach to teaching each topic to their students. By leaving the questions open‐ended,
participants’ responses could be evaluated for use of specialized content knowledge,
knowledge of content and students, and knowledge of content and teaching. This also
allowed the researcher to determine whether the participant would use a procedural or
conceptual approach to teaching the topic. This was then compared to the teaching
approach suggested by the CCSSM. Each question is listed below along with the cluster
and standards of the CCSSM. Participants were asked to leave questions blank if they did
not know how to answer the question.
Table 2. Mathematics Pedagogy Survey Questions Alignment with the CCSSM
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Question

The Standards and Instructional Strategies
Recommended by the Common Core


1. A student makes the following

The Cluster: Use place value understanding

mistake: 734‐481 = 353. How do you

and properties of operations to add and

respond?

subtract (Grade 2).


The Standards: Add and subtract within
1000, using concrete models or drawings
and strategies based on place value,
properties of operations, and/or the
relationship between addition and
subtraction; relate the strategy to a written
method.



Understand that in adding or subtracting
three‐digit numbers, one adds or subtracts
hundreds and hundreds, tens and tens,
ones and ones; and sometimes it is
necessary to compose or decompose tens
or hundreds.

2. Imagine you are introducing addition



The Cluster: Use place value understanding

with regrouping to your students, how

and properties of operations to add and

would you show students why

subtract (Grade 1).

27 + 95 = 122?
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The Standards: Add within 100, using

concrete models or drawings and
strategies based on place value, properties
of operations, and/or the relationship
between addition and subtraction; relate
the strategy to a written method and
explain the reasoning used.


Understand that in adding two‐digit
numbers, one adds tens and tens, ones and
ones; and sometimes it is necessary to
compose a ten.

3. Create a story problem to illustrate



that 4 ¼ ÷ ½ = 8 ½ .

The Cluster: Apply and extend previous
understandings of multiplication and
division to divide fractions by fractions
(Grade 6).



The Standards: Interpret and compute
quotients of fractions, and solve word
problems involving division of fractions by
fractions, e.g., by using visual fraction
models and equations to represent the
problem.



For example, create a story context for the
problem. How many ½ cup servings are in
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4 ¼ cups of yogurt?


4. How would you explain why when you

The Cluster: Apply and extend previous

divide by a fraction you multiply by the

understandings of multiplication and

reciprocal of the fraction? You can use

division (Grade 5).

the following division exercise to assist



The Standards: Interpret division of a

you in your explanation.

whole number by a unit fraction, and

3 ÷ ¼ = 12.

compute such quotients.


Create a story context for 3 ÷ (¼) , and use
a visual fraction model to show the
quotient. Use the relationship between
multiplication and division to explain that
3 ÷ (¼) = 12 because 12 × (¼) = 3.

5. When introducing students how to



rename mixed numbers into improper

The Cluster: Build fractions from unit
fractions. (Grade 4).

fractions, how would you teach a child to



rename 2 ¾ into an improper fraction?

The Standards: Decompose a fraction into a
sum of fractions with the same
denominator in more than one way,
recording each decomposition by an
equation.



Justify decompositions, e.g. by using visual
fraction model. Example: 2 ¾ = 1 + 1 + ¼ +
¼ + ¼ = 4/4 + 4/4 + ¼ + ¼ + ¼ = 11/4.
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6. A student does not understand why

The Cluster: Apply and extend previous

when you subtract a negative number,

understanding of operations with fractions.

the number from which you are

(Grade 7)

subtracting increases.



The Standards: Understand p + q as the

For example: 7 – (‐2) = 9.

number located a distance |q| from p, in the

How would you show or explain to a

positive or negative direction depending on

student why this is true?

whether q is positive or negative.


Understand subtraction of rational
numbers as adding the additive inverse, p ‐
q = p + (‐q).



Show that the distance between two
rational numbers on the number line is the
absolute value of their difference, and
apply this principle in real‐world contexts.

7. Imagine that you are working with



The Cluster: Use place value understanding

your class on multiplying two, two digit

and properties of operations to perform

numbers. Your students’ solutions are

multi‐digit arithmetic. (Grade 4)

displayed to the right. Which of these



The Standard: Multiply a whole number of

student’s method can be used to multiply

up to four digits by a one‐digit whole

any two whole numbers?

number, and multiply two two‐digit
numbers, using strategies based on place
value and the properties of operations.
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Pilot Study for Surveys
The researcher tested the surveys in a pilot study conducted with three
undergraduate elementary student teachers. These students chose to use a paper copy of
the survey rather than the electronic version. Upon receiving their responses, the
researcher worked with a doctoral colleague to edit the wording of Mathematics
Pedagogy Survey question 5, as the pilot study results showed that participants did not
understand the question as it was initially worded. The survey was again handed out to
another group of elementary student teachers, responses were analyzed and consistent
responses made it clear that participants understood the questions.
Phase II: Interviews
The interview was used as a secondary means of data collection for this research.
According to Siedman (2013), “If the researcher’s goal is to understand the meaning
people involved in education make of their experience, then interviewing provides a
necessary, if not always completely sufficient, avenue of inquiry” (p. 10). For this study,
the interview method allowed for clarification to responses in the survey as well as a
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venue for detailed descriptions of the various teacher preparation programs
participating in the study. In particular, semi‐structured interviews were used for this
study. In semi‐structured interviews the interviewer has questions prepared in advance
but questions must be open, therefore subsequent questions cannot be planned by the
interviewer and must be carefully improvised according to the responses from
participants (Wengraf, 2001). The researcher felt that participants’ answers would vary
according to their teacher preparation program and therefore semi‐structured
interviews would be the most suitable choice so that participants would have the
opportunity to unveil, in depth, their perceptions of their teacher preparation programs.
In‐depth interviews, however, do have limitations. Interviews can be extensive and time
consuming, furthermore, because of the subjective nature of interviews, analyzing and
interpreting data are more complex than structured surveys. Another limitation is that
interviewing can be more reactive to personalities and interpersonal dynamics between
the interviewer and the participant (Kenke, 2008).
Interview Schedule of Questions and Pilot Interviews
The principal investigator used the study’s four research questions as a
framework to design the interview questions. A matrix was constructed to display the
relationship between the research questions and the interview questions. The researcher
asked her fellow doctoral colleagues along with her advisor to review and give
suggestions to improve the research questions. Next a pilot interview was conducted to
test the interview questions and make adjustments to allow for more open‐ended
questions enabling the maximum conversation between the researcher and the
participant.
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Interview Process
Individual emails were sent to all participants who participated in the study.
Initially the researcher chose select participants to interview based on answers to the
survey. However, the response rate was low and therefore the researcher invited all
participants to participate in the interview. Seven participants agreed to be interviewed
and a suitable date and time was selected to complete the interview via FaceTime or
Skype. The interviews took place between March and May 2014. All interviews were
tape recorded and transcribed verbatim.
Methods for Data Analysis and Synthesis
Analysis of the “Your Beliefs About Teaching Mathematics Survey”
Responses to this survey were based on participants’ perceptions of themselves as
teachers and on how their teaching affects their students’ learning. Therefore responses
were based on opinion and were not objective, as there were no correct or incorrect
responses. The overall purpose of the research was to understand how well teacher
preparation programs are perceived in building teacher efficacy in aspiring elementary
teachers in mathematics and lends itself to be an exploratory analysis. Responses were
analyzed to make comparisons and distinctions within and across teacher preparation
programs. The findings were then compared and contrasted with the current research in
the area of teacher efficacy in mathematics.
Analysis of the “Mathematics Teaching Pedagogy Survey”
Responses to this survey were based on participants’ opinions of best practices,
and although there are no technically “correct” or “incorrect” responses, the responses
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could be on par with research based best practice, particularly those suggested by the
Common Core. Alphanumeric codes were assigned to descriptors from the pedagogical
recommendations noted in the CCSSM. Responses were then categorized as conceptual,
based on the recommendations by the CCSSM, or procedural. Responses were analyzed
for emerging patterns and themes both within teacher preparation program and across
the different groups.

The background survey was also consulted to inform why

participants may have responded as they did to certain questions in the pedagogy survey.
Analysis of the Interviews
The researcher began by transcribing interviews, verbatim, and captured
emotions and pauses within the transcript. Then each interview was listened to a second
time to make sure the data was accurately depicted and transcribed. Next, the interviews
were coded according to a previously established coding scheme based on descriptors of
categories found in the study’s conceptual framework. The coding process segments
interviews into separate categories, forcing one to look at each detail, whereas synthesis
involves putting these segments together to depict a holistic and integrated explanation
(Bloomberg & Volpe, 2008). Following this, the researcher decomposed interviews by
placing the coded quotations into their coordinating categories.

As the data was

analyzed, select categories and descriptors were omitted and added as various themes
and patterns emerged in participants’ responses. The researcher looked for trends and
patterns within categories, across categories, and compared these trends and patterns to
the current literature, to synthesize a holistic picture of how elementary teacher
preparation programs are preparing teachers to teach mathematics to the standards of
today.
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Ethical Considerations
To ensure participants were protected, informed consent was maintained
throughout the study. Participants were asked to sign a consent form before undergoing
the survey and/or interview. The informed consent stated the purpose of the study,
followed by notes pertaining to confidentiality. The consent form was written at a middle
school level reading level to ensure that all participants could read and comprehend the
document. The consent form noted that all the data collected would be held confidential
and that no names would be used in the study. Participants were also asked if they would
consent to being tape recorded in the possible case that they were chosen for a follow up
interview.
Once the surveys were completed and returned, an ID code was assigned for each
participant and this code was written on the top of the background page along with the
subsequent pages of the survey. The background page was ripped off and a list of all
participants’ along with their assigned codes was kept in a safe, secure location separate
from the data. After reviewing the data, those participants that were asked back to do an
interview were assigned a pseudonym to link their interview to their identity. Once the
interviews were transcribed, all audiotapes were destroyed.

All coding and data

materials were stored in a locked final cabinet in the principal investigator’s home office
There were minimal risks to participants that participated in this study, such as
confusion in how to answer questions in the Mathematics Pedagogy Survey due to a
possible lack of knowledge on the subject matter. Some participants may have also felt
anxious due to pre‐existing anxiety towards mathematics. To ensure no negative impacts
on the participants, all identifying information was removed from survey and interview
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materials. Furthermore, in all but one teacher preparation program, professors and
supervisors did not see participants’ responses since the surveys were done
electronically and submitted directly to the researcher. The teacher preparation program
that used a paper copy was the only case where the professor had an opportunity to see
participants’ responses, but since these students were student teaching and not taking a
course with the professor, it is unlikely that participants faced any bias as a result of their
responses to the survey.

Limitations of the Study
As with any study, this study did have some limiting factors. Since this study was
qualitative in nature, subjectivity in the analysis of data was one limiting factor. A second
limitation results from participant reactivity to the survey questions in the teacher
efficacy survey. Although responses were based on opinion, participants may have
believed that there was a “correct” response, or a response that they perceived made
them look better by the researcher, rather than choosing the response that accurately
described their feelings towards a particular statement.
Finally, a last limitation was the size of the study. The participant struggled with
recruiting participants since there were time limitations, IRB approval in some
institutions, and a smaller pool to choose from based on the selection criteria for the
study. Therefore, there was a small sample size from each teacher preparation program,
particularly for the four‐star institution where only five participants filled out the efficacy
survey, and four participants filled out the pedagogy survey. Since these five participants
are random sample from a rather large elementary teacher preparation program, they do
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not portray the teacher preparation program as a whole. This made it difficult to make
comparisons across the different teacher preparation programs.
To compensate for these limitations the researcher took precautionary measures.
To reduce subjectivity and bias in the study the researcher coded data according to a
peer‐reviewed coding scheme. Second, the researcher stated the purpose clearly in the
consent documents that participants signed prior to the data collection. Next, in the
directions of each survey the researcher noted that the survey was not a test and
therefore there were no correct or incorrect responses. Since the sample of the study was
small, transferability of findings to similarly ranked elementary teacher preparation
programs is questionable. To compensate, the researcher collected data using multiple
instruments to paint a holistic picture of the varying programs by carefully describing the
experiences of participants in their teacher preparation programs by way of rich, detailed
descriptions. By doing this, the researcher felt that the knowledge gained from this study
could be considered and utilized when its application appropriately fit another situation.

The Role of the Researcher
Given that the researcher has a degree in elementary education, mathematics and
mathematics education, she has had prior experiences in the area of elementary teacher
education in mathematics, as she herself has once been in the shoes of her participants.
These experiences provided her with some background knowledge when she created the
pedagogy survey, as she knew the particular topics and concepts that elementary teacher
candidates would find difficult. During the semi‐structured interviews, the researcher
called upon her prior experiences in her own preparation to question participants about
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their coursework and experiences teaching mathematics. This allowed the researcher to
probe deeper into their personal experiences and obtain thick descriptions of their
teacher preparation programs.
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Chapter IV
FINDINGS
The purpose of this study is to determine how well traditional elementary
preparation programs and alternative elementary certification programs are perceived
by aspiring teachers, to prepare them to teach mathematics to the standards required
today. The researcher believed that findings from this study would allow policy makers to
make more informed decisions on mathematics coursework and field experiences
provided in elementary teacher preparation programs. Data was obtained from 25
background surveys, 25 personal mathematics teaching efficacy surveys, 20 mathematics
pedagogy surveys, and seven interviews. Following the data collection, the data was
analyzed to answer the following four research questions:
(1) How do participants describe their mathematical experiences prior to
entering their teacher preparation programs?
(2) How do participants describe the mathematics preparation they receive in
their respective preparation programs and what types of mathematics
preparation, if any, do they wish they had before beginning student teaching?
(3) What kinds of additional professional activities, beyond the official
preparation received in their teacher education program, do participants
engage in outside the classroom to support and enhance their formal
preparation for mathematics teaching?
(4) What are participants’ perceived pedagogical competencies in mathematics
and how do these differ across various preparation programs?
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This chapter will discuss the findings obtained from the data to answer each research
question mentioned above.

Research Question 1: How do participants describe their mathematical
experiences prior to entering their teacher preparation program?
Finding #1: The majority of participants indicated taking a mathematics course
beyond Algebra/Trigonometry prior to entering their Teacher Education Program
(TEP).
The majority (18 out of 25) of participants indicated taking a mathematics course
beyond Algebra or Trigonometry prior to entering their TEP. The majority (12 out of 18)
of these participants took Calculus and some (6 out of 18) took statistics. Some (7 out of
25) participants noted that their highest level of mathematics prior to gaining entry into
their TEP was Algebra or Trigonometry. Many of those participants that took Calculus
were able to place out of any additional mathematics coursework aside from those
courses required by their TEP. Two participants from the two‐star TEP A noted taking
additional developmental mathematics courses in order to obtain entrance into their
teacher preparation program.
Finding #2: Regardless of their overall perceptions of themselves as mathematics
students, few participants have an enthusiastic attitude towards their mathematical
experiences in elementary, middle, and high school.
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When asked to rate themselves as “A”, “B”, “C”, or “D” mathematics students, 13
participants distinguished themselves as “A” students and 12 participants distinguished
themselves as “B” students. Yet, when interviewed, even participants rating themselves
as “A” students voiced mixed perceptions towards their mathematics preparation prior to
entering their teacher preparation program.
When I was in elementary school, I hated math. But I wouldn’t say I
struggled with it. It just‐‐I was‐‐whatever. There were certain subjects that I
was frustrated with. But as I got older, I became like, really good at math.
(Bethany)
I mean I didn’t love it. I took Algebra I and II when I was in grade school and
then when I was in high school I went all the way up. So it wasn’t my favorite
but I did well in it so (pauses) it was okay. (Laura)
Um…. well I actually skipped a grade when I was younger. I did pretty well in
math. It’s not my favorite subject. (Samantha)

Only a few participants (2 out of 7) that were interviewed had strictly positive
perceptions of themselves as learners of mathematics.
I think I was definitely good in high school and I am going to assume I was
pretty good in elementary and middle school. (Clarissa).
I loved math! It was my favorite subject aside from art. Um…and it was
always a subject I did really well in. (Carol)
According to Ball (1989), “In the case of prospective mathematics teachers, their
experiences have often persuaded them that mathematics is a fixed body of rules, a dull
and uninteresting subject best taught through memorization and that they themselves
are not good at math“ (p.12). In a study conducted with high school students, Fleener
(1996) found that by high school students have established their core beliefs about
mathematics and these beliefs are a result of their own experiences in mathematics
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classrooms. Therefore participants’ responses seem to agree with the statement by Ball,
as most participants were not enthusiastic in their attitude towards the subject itself,
even when they did find success in mathematics. Pre‐service teachers come to their
teacher preparation programs with informal beliefs, embedded in their mental image of
classroom practice and this strongly influences what they learn and how they learn in
teacher preparation programs (Richardson, 1996). Thus, teacher educators delivering
mathematics coursework in teacher preparation programs play an important role since
they have an opportunity to turn prospective teachers on to mathematics. Ball suggests
that experiences in a methods course can help prospective teachers acquire a new sense
of what it means to “understand” mathematics.
The table below shows the information gathered from the background survey,
including the number of mathematics content courses and methods courses that
students had to take in their teacher preparation program. All participants are named by
pseudonyms.
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Table 3. Participants’ Demographic Information, Coursework, and Self‐Student Rating
Participant

Institution
Rating

Megan
Maddy
Kathy
Samantha
Kathleen
Natalia
Laura
Seana
Jackie
Nancy
Carol
Aaron
Jessica
Diana
Hillary
Bethany
Clarissa
Chantel
Abby
Christy
Brittany
Lindsay
Teresa
Lily
Lauren

Two Stars
Two Stars
Two Stars
Two Stars
Two Stars
Two Stars
Two Stars
Two Stars
Two Stars
Two Stars
Alt. Route
Alt. Route
Alt. Route
Alt. Route
Alt. Route
Four Stars
Four Stars
Four Stars
Four Stars
Four Stars
Two Stars
Two Stars
Zero stars
Zero stars
Zero stars

Highest Level
of
Mathematics
Prior to
Entering Their
TEP
Trigonometry
Algebra II*
Calculus
Trigonometry*
Statistics
Calculus (AP)
Calculus
Statistics
Statistics
Calculus (AP)
Calculus (AP)
Calculus (AP)
Calculus (AP)
Statistics
Calculus (AP)
Calculus (AP)
Calculus (AP)
Trigonometry
Calculus
Statistics
Trigonometry
Calculus (AP)
n/a
Statistics
Algebra

Student
Teaching
Grade

Number
of
Content
Courses

Number Self ‐
of
Student
Methods Rating
Courses

7
4
1
2
6
K
1
K
4
2
2
K
6
1/ 3
3
2
K
K
2
3
K
1/6
n/a
1/4
4

2
3
1
2
2
3
3
2
3
2
1
1
0
1
1
1
3
3
3
3
0
2
n/a
1
1

1
1
3
1
1
3
3
1
2
1
1
1
0
1
1
2
2
2
2
2
0
1
n/a
1
1

B
A
A
B
B
A
A
A
B
A
A
A
A
B
A
A
A
B
B
B
A
B
B
B
B

* indicates taking two additional developmental mathematics courses prior to entering
their teacher preparation program.
Research Question #2: How do participants describe the mathematics preparation
they receive in their respective preparation programs and what types of
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mathematics preparation, if any, do they wish they had before beginning student
teaching?
Finding #1: There is little consistency in the mathematics education of elementary
teachers within a teacher preparation program and across different teacher
preparation programs.
The interviews and surveys revealed the lack of standardization across different
preparation programs, and more surprisingly, within the same program. Participants in
the same teacher preparation programs had varying types of mathematics education
courses that they took, just to fulfill the minimum requirements. There were also
differences in their accounts of the amount of time they spent teaching mathematics
during their field experiences and the capacity to which the Common Core State
Standards for Mathematics were integrated into their coursework. Therefore two people
studying mathematics education in the same program could have vastly different
experiences. This was also the case across the different teacher preparation programs.
After analyzing data gathered from the background surveys and interviews, there
is little agreement in the number and type of elementary mathematics content courses
and elementary mathematics methods courses required by teacher education programs,
both across different programs, and more strikingly within a given TEP. After conducting
interviews, participants gave different accounts of the coursework that they were
required to take in their teacher education program.
Two out of twenty‐five participants indicated having no content and no methods
courses prior to student teaching. Further investigation revealed that one participant
participated in the alternative certification program and the other participant was an
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adult learner, going back to the institution for an early childhood degree after already
teaching in the upper grades.
The majority of the participants from the four‐star TEP program indicated
completing three content courses and two methods courses; however, one participant
indicated only taking one content course. When asked about this, the participant clarified
that the requirements had changed and that she only had to take one elementary
mathematics content course while many of her peers had to take three courses prior to
gaining admittance into the program.
Participants from the two‐star TEP A had a wide variance in the amount of
mathematics content and methods courses that they had to take. One participant took
one content course, four participants indicated taking two content courses, and six
participants indicated taking three content courses. Similarly there was also a disparity
in the number of methods courses that participants took. Seven of the eleven participants
indicated taking one methods course, one participant indicated taking two, and three
participants indicated taking three.

After interviewing participants, the researcher

ascertained that one reason for this variance is due to the fact that some participants are
endorsed in mathematics and are certified to teach mathematics from kindergarten
through grade nine and are therefore required to take more mathematics courses.
Interviews with participants revealed that some of their peers, in the elementary
education program, were able to bypass the elementary mathematics content
coursework but all pre‐service teachers had to take the methods course, there was no
way of bypassing this course. Their accounts are found below.
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They would have had to take the methods one in the program, there
is no way to get out of that one. They would have had to take that full
semester. Um… but there are ways that they could not have taken the
earlier ones. (Laura)
Because we as a section take all of our methods classes together so I
mean I got to know people in my section pretty well. But whenever
we got to the math I know a lot of people were just like “Why do we
have to do this? Why are we explaining this?” (…) So I could tell that
some people for math were a little more like frustrated with the
classes because I don’t think that they had that background that some
of us did. (Nancy)
Participants from the two‐star TEP B had different responses to their coursework.
After interviewing, the researcher found out that one participant was the previously
mentioned adult learner going back for her early childhood education certification and
was not required to take any further coursework in mathematics education, while the
second participant noted taking two content courses and one methods course.
With the exception of one participant who did not take any coursework in
mathematics, all others from the alternative route certification program indicated taking
one content course and one methods course. The only consistent response within an
institution was among the zero‐star program participants, whom all indicated taking one
mathematics content course and one mathematics methods course.
Current research has shown that there is little consistency in the number of
credits that pre‐service teachers take in coursework dealing with the mathematics taught
in the elementary grades across different teacher preparation programs (Center for
Research in Mathematics and Science Education, 2010; Kilpatrick, 2001; NCTQ, 2008;
NCTQ, 2013). In the current study, what is more surprising is the inconsistency found in
course taking within a given teacher preparation program. Mathematics coursework for
elementary teachers is not only a time for prospective teachers to build their knowledge
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in the varying domains of MKT, but it is also another chance to foster positive
mathematics teaching efficacy beliefs and encourage student‐centered beliefs about
pedagogy. Two teachers can have similar knowledge, but use very different teaching
styles based on their varying beliefs (Ernest, 1989). Therefore if prospective elementary
teachers are being prepared to step foot into the Common Core classrooms of today,
where mathematics lessons are student‐centered, and concepts are taught in a
conceptual manner, building teachers’ beliefs about how mathematics is taught in
addition to their personal mathematics teaching efficacy is also important.
The interviews with participants revealed that the CCSSM were studied and
utilized in different capacities within and across institutions. The majority of participants
(five out of seven) mentioned printing out the standards, perhaps looking at each
standard in isolation and having to include them when they wrote lesson plans for their
courses but not completing an in depth analysis of the standards and their progressions
within their coursework. Only two participants made mention of completing a well
versed study of the standards and their progression from one grade to the next. One
participant was from the four‐star TEP, and the other was from the alternative route
certification program. The first two quotes below are from students in the same TEP,
emphasizing the variation of integrating the CCSSM into coursework within an institution
and the third quote is representative of how most interviewees described their
experience with the standards.
Our last course that we took we did an in depth study on the Common Core
(…) We spread it out by like going through each‐‐ we got into groups and
each group had a grade level and either number and operations or geometry
or whatever the different subtexts were level wise and then we had to go
through each standard and say whether or not we thought the standard
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would be easy for our grade level, hard for our grade level or um… just right
for our grade level and then we dissected the standards in groups and stuff
like that. Um… and then we went through the set categories and said “ok, we
are learning about fractions, these are all of the standards in first, second,
third, fourth, and fifth grade that have to do with fractions and see how it
grows and stuff like that. (Bethany)
She the teacher didn’t really put main focuses on them‐ the Common Core
when they were teaching it. But when we had to make our own lesson plans
for our assignments they wanted us to make sure that we had them in there
so really I felt like I got it from the website mostly. (Clarissa)
We did cover the Common Core standards. We learned how to write them‐so
how to take them and create objectives based on different ones. Then we had
to write full lesson plans and turn them in to be graded. (Samantha)
According to Hiebert and Morris (2009), teacher education in university teacher
preparation programs is a “particular case of teaching where the instructors are teacher
educators, the students are prospective teachers, and the learning goals are beginning
teacher competencies” (p. 475). Hiebert and Morris suggest that there is a lack of shared
knowledge base in teacher education. With regards to elementary teacher education in
mathematics, Jansen, Bartell, & Berk (2009) states obtaining agreement among everyone
in the system, on lesson‐level learning goals is crucial if collaborative efforts to build
knowledge base for teacher education are to succeed. Without this, the system returns to
individuals working alone to improve their own practice and everyone starts from
scratch. The findings of the current study display a lack of shared goals among teacher
educators to educate prospective teachers in the context of the CCSSM. Since participants
from the same teacher preparation programs had vastly different experiences with the
Common Core, it can be concluded that there is a lack of collaboration among teacher
educators to realign their mathematics education courses to the new standards. One
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reason for this may be due to the recent establishment of these standards in the K‐12
curriculum.
The majority of participants (20 out of 25) indicated having some sort of field
experience prior to beginning their student teaching yet the follow up interviews made
clear that the opportunities for teaching mathematics vary within and across the
preparation programs. The participants not completing any field experiences were
teachers in the alternative certification program. With the exception of this group of
teachers, all participants that were interviewed completed weekly field visits. Yet, since
the field experience was in an elementary classroom, it was not necessarily the case that
they had ample opportunities to teach mathematics in a whole group setting.

The

majority of undergraduate participants that were interviewed (4 out of 6) made note of
student teaching being their first real experience in teaching mathematics as opposed to
simply observing it being taught.
I don’t think that I ever really taught mathematics before student teaching.
I think uhh (pause)… I did a little tutoring with kindergartners but that was
about it. Yeah ‐I didn’t really – I didn’t teach it – I have been scared to teach
it. I ‐ I ‐ because it is the most difficult concept in my opinion to teach.
(Clarissa)
Clarissa adds this note about student teaching:
Math was the last one to add on and the first one to take off. (laughs) So I
think I spent a whole two weeks teaching math. So yeah I haven’t had a lot
of experience teaching math.
Bethany similarly states this about her field experience:
Well I was in kindergarten. So our math was pretty simple. It was “Johnny
gave you five apples‐ or you have three apples and Johnny gave you 5 more,
so how many do you have now?” (Child’s voice) So that is pretty much all
we did math wise. We did shapes, and we did um (pauses) something else,
but we didn’t really do much math.
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Two participants made note of being able to choose the subject they wanted to teach
during their field experiences. Clarissa was one participant who made mention of this as
did Nancy.
Last year we kind of got to do whatever we wanted because you would only
go to the school for ten weeks so my first placement was the school I am at
now with my same teachers so she actually let me teach math a lot because
that was the area that I was the most‐the most comfortable with, and she
hates math, so she was fine with letting me take over. (Nancy)
State certification requirements also stifled participants’ ability to obtain high
quality field experiences in mathematics. Due to state requirements, one participating
program required students to be “endorsed” in a subject area and field placements were
directed towards this particular subject area, leaving little time for teaching experiences
in the areas that students were not endorsed in.
My middle school placement I taught language arts and literacy, and social
studies, but I did not teach math until the one right before I student taught
(…) So I do wish that there was more preparation for that, or that we got
more practice doing it in the field, like at every placement. (Samantha)
The four‐star institution provided students with a unique opportunity to gain
experience in the development of mathematical thinking by participating in a
partnership program with a local school. The class was held at the partnership school
itself, and after each class students stepped in the classroom to work with a “buddy”. The
participant noted that the intent of this course was not to gain experience teaching but to
rather understand the logic of a child’s thinking in mathematics. The participant gave a
child a mathematics problem and observed and recorded their strategies for solving it.
The participant explained that they were not supposed to correct the child if he or she
obtained an incorrect solution.
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This participant wished that methods courses could be taught in conjunction with,
or closer to student teaching and field experiences that involved practice of teaching
mathematics. The participant found it hard to recall the strategies and lessons that she
learned in her methods coursework since it was in the beginning of her program
coursework. Bethany says,

“I really wish that we would have waited until not our ‐‐

because we had our entire math content done in our first year before we were even in the
classroom.” In contrast, the alternative certification interviewee noted that being able to
complete her coursework while she taught was a positive for her program. She states,
“So it is definitely nice to have it while teaching. You would forget a lot of stuff if it was like
you do your four years or your two‐ year program or whatever and then you go into a
classroom and then you don’t have that cycle feedback or that cycle of instruction so it is
really helpful having it this way.”
Field experiences give prospective teachers an opportunity to apply the
knowledge and skills they have learned in their program to the classroom (Perry, 2011).
When done in conjunction with content or methods coursework, field experiences can
increase knowledge of content and students (Strawhecker, 2005). Therefore students
need an adequate amount of time spent teaching mathematics in their field experiences
and it would be worthwhile for programs to integrate these teaching opportunities
within their methods coursework. The findings of this study suggest that the capacity to
which pre‐service teachers teach mathematics during their field experiences (including
student teaching) varies according to many factors, including but not limited to state
certification requirements, the cooperating teacher, efficacy beliefs, and beliefs and
attitudes towards mathematics.
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Finding #2: Participants would like to have more preparation in the teaching of
early childhood education concepts, the general scope and sequence of elementary
mathematics, and tactics to integrate test preparation into daily mathematics
activities.
Three out of seven participants mentioned wishing that their coursework
involved more preparation with introducing early childhood concepts from basic fraction
work in second grade, counting in pre‐K and Kindergarten, and looking at and receiving
more training in the particular concepts that early childhood students find difficulty with.
So I would have liked to have more classes on counting, like the easy stuff. I
feel once the kids have a general concept or grasp of mathematics they
will‐ it is easier to teach them but starting in pre‐k or kindergarten you are
teaching these kids from scratch so I would’ve liked to learn more about
those things. (Clarissa)
What I wish to see in the beginning were just samples of great class, or
great lessons. Um…how do I phrase this… maybe just a heads up on what
would be some of the trickier subjects, and bigger concepts in second
grade to teach, and how they were executed by teachers who do it really
well. (Carol)
But um… right now I am doing partitioning and basic fractions in second
grade, and I really wish I would remember those activities that we did.
(Bethany)
One participant wished for more work with the general scope and sequence of
elementary mathematics concepts across the grades.
But I guess it is hard for me to understand where each grade is at I guess. I
know it is different in each school so I know that it is hard for them to
prepare us with, but I wish that we kind of, well in my methods class at
least, in kindergarten you know this, in first grade you should know this,
and kind of went over that a little bit more. (Nancy)
One participant made mention for a need for more preparation on strategies for
imbedding test preparation into the regular curriculum.
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I definitely wish we did more practice with the statewide assessments. The
kids now take a PARCC exam or the ISM, like being able to build those into
there because it seems like a lot of times we are stuck cramming the week
before ISM and doing random things that are going to pop up on the test
instead of working them into the curriculum. (Samantha)
Research Question #3: What kinds of additional professional activities, beyond the
official preparation received in their teacher education program, do participants
engage in outside the classroom to support and enhance their formal preparation
for mathematics teaching?
Finding #1: The overwhelming majority of participants, regardless of their teacher
preparation program, did not engage in any outside activities to support their formal
preparation in mathematics teaching.
Out of the seven participants that were interviewed, only one participant made
mention of attending or being provided with professional development workshops or
conferences sponsored by her school district to better her teaching of mathematics. It
should be noted that this participant is part of an alternative certification program and
therefore has access to these opportunities through her school district. Some participants
(three out of seven) mentioned tutoring children in mathematics outside of their
institution as a way to better their teaching.
Research Question #4: What are participants’ perceived pedagogical competencies in
mathematics and how do these differ across various preparation programs?
Finding #1: Participants’ responses to the pedagogy survey varied within each
teacher education program. Therefore, no outright comparisons can be made in
distinguishing the competencies of students from one particular program to another.
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In general, participants tend to teach more procedurally rather than for a
conceptual understanding of mathematics concepts.
Due to the varying sample sizes representing each teacher preparation program,
when analyzing and categorizing responses from the pedagogy survey as conceptual,
procedural, incorrect, or did not answer, no clear distinction could be made across the
varying ranked teacher preparation programs. That is, for any given question, responses
from the participants representing each teacher education program ranking fell into just
the procedural category or were split between the conceptual and procedural category.
Thus participants representing the four‐star teacher preparation program did not always
give explanations in the pedagogy survey that stressed a conceptual understanding.
However while keeping in mind the small sample size, for any given question, a higher
percentage of participants from the four‐star institution tended to answer questions
from the pedagogy survey conceptually rather than procedurally when compared to the
other teacher education programs. The pedagogy survey did reveal the low number of
conceptual responses, particularly from those participants attending a zero‐star
institution and the two‐ star institutions.
Correct conceptual response rates for each level of ranking are displayed in the
table below. For this table, both two‐star teacher preparation programs were grouped
together since they both had the same ranking. Mathematically correct responses were
categorized as conceptual when they made mention of understanding the concept behind
the algorithm by use of manipulatives, drawings, explanation of models, and the like as
recommended by the CCSSM. Mathematically correct responses were categorized as
procedural when explanations involved the use of a rule or algorithm to solve the
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problem, with no further explanation. Responses were noted as incorrect when they
were incoherent or used mathematically incorrect explanations and/or procedures to
answer the question and blank responses were also noted. Responses to the Pedagogy
Survey may be found in the appendices. It should be noted that five participants did not
fill out the pedagogy survey.
Table 4. Conceptual Response Rates to the Mathematics Pedagogy Survey
Question

Conceptual Response Rates

A student makes
the following
mistake: 734‐481
= 353. How do you
respond?

With the exception of the zero‐star teacher education program (TEP), no
distinctions could be established among the different ranking programs
as responses from participants attending the same institution fell into
both procedural and conceptual categories regardless of which TEP the
participant attends. The three participants from the zero‐star institution
all had responses that lacked mention of place value and/or the use of
manipulatives. Correct conceptual response rates are as follows: 2 out of
4 participants from the four‐star program, 3 out of 10 participants from
the two‐star program, 2 out of 3 participants from the alternative route
certification program, and 0 out of 3 responses from the zero‐star
program.
All three participants from the zero‐star institution used a procedural
strategy to answer the question. Responses from participants from the
other institutions varied in terms their response being procedural or
conceptual in nature. Therefore there was no consistency in all
participants from one TEP belonging to one category versus the other.
Conceptual response rates were as follows: 3 out of 4 participants from
the four‐star program, 7 out of 10 responses from the two‐star programs,
2 out of 3 responses from the alternate cert. program, and 0 out of 3
responses from the of the zero‐star program.

Imagine you are
introducing
addition with
regrouping to
your students,
how would you
show students
why
27 + 95 = 122?
Create a story
problem to
illustrate that 4
¼÷½=8½.
How would you
explain why when
you divide by a
fraction you

Correct versus incorrect responses varied within each TEP, but only 1 out
of the 10 participants attending a two‐star designated program was able
to come up with a correct story context for the problem. Other correct
responses were as follows: 3 out of 4 participants attending a four‐star
program, 1 out of 3 participants from the alternative certification
program, and 2 out of 3 participants attending a zero star program.
Correct conceptual responses were as follows: 3 out of 4 participants
from the four‐star TEP had a correct conceptual response, 2 out of 10
participants from the two‐star programs, 1 out of 3 participants from the
alternative route certification program and 1 out of 3 participants from
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multiply by the
reciprocal of the
fraction? You can
use the following
division exercise
to assist you in
your explanation.
3 ÷ ¼ = 12.
When introducing
students how to
rename mixed
numbers into
improper
fractions, how
would you teach a
child to rename 2
¾ into an
improper
fraction.
A student does
not understand
why when you
subtract a
negative number,
the number from
which you are
subtracting
increases.
For example: 7 –
(‐2) = 9.
How would you
show or explain
to a student why
this is true?
Imagine that you
are working with
your class on
multiplying two,
two digit
numbers. Your
students’
solutions are
displayed to the
right. Which of
these student’s

the zero star TEP program

The majority of responses fell into the procedural category therefore no
distinctions could be made amongst TEP programs. Conceptual response
rate is as follows: 2 out of 4 participants from the four‐star program, 1
out of 10 participants from a two‐star program, 2 out of 3 participants
from the alternative route certification program, and 1 out of 3
participants from the zero‐star program.

The majority of responses fell into the procedural category therefore no
distinctions could be made amongst TEP programs. Correct response rate
is as follows: 2 out of 4 participants from the four‐star program, 3 out of
10 participants from a two‐star program, 2 out of 3 participants from an
alternative certification program, and 0 out of 3 correct responses from
the zero‐star program.

Five out of twenty participants identified all three methods as being
correct, seven out of twenty identified two out of three methods correct,
seven out of twenty identified one out of the three methods as being
correct (the traditional method), and one participant did not answer. Of
the five participants that identified all three methods correct, two are
from the alternative certification program, one attended a two‐star TEP,
and two attended the zero‐star program. Surprisingly not one participant
from the four‐star TEP was able to identify all three methods as correct.
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method can be
used to multiply
any two whole
numbers?
Based on these responses, when analyzing the surveys as a whole, it is clear that
participants tend to give responses that focus on procedural aspects of mathematics
concepts, and in some cases are incorrect in their explanations of elementary
mathematics concepts. When looking across institutions, since the number of
participants filling out the survey from varying ranked institutions was not consistent, no
clear distinctions could be made comparing the competencies of participants. However,
when looking for trends in the conceptual response rate of the different teacher
education programs, it is noted that in all but one case, the zero‐star program had 0 out
of 3 participants or 1 out of 3 participants provide a conceptual explanation for any given
question.

In particular, for the two questions dealing with place value, where more

participants gave a conceptual response, all three participants wrote a procedural
explanation. In contrast, the four‐star program had 2 out of 4 or 3 out of 4 conceptual
responses for any given question in the pedagogy survey. Similarly, with the exception of
one question, 2 out of 3 participants from the alternative route certification program
consistently gave conceptual explanations.

The conceptual response rates from the

participants attending the two‐star ranked institutions were also low for each question.
Aside from the two questions dealing with place value, each of the remaining pedagogy
questions had only one or two conceptual explanations from the ten participants that
filled out the survey. From the explanations in the mathematics pedagogy survey, it is
clear that teaching students for understanding will be a challenge for new teachers. The
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following is a discussion of each question from the pedagogy survey along with sample
responses from participants.
Question 1: A student makes the following mistake: 734‐481 = 353. How do you
respond?

7 out of 20 participants used an explanation that taught this concept in a
conceptual manner. Conceptual responses made use of place value in their explanations
and incorporated manipulatives like base ten blocks, place value mats or diagrams
involving place value. The following are examples of conceptual responses.
I would have the student draw out a picture and start at the ones and
cross of the numbers. At the tens, the student would have to regroup a 100
to be able to cross of 8 tens. (Aaron)
I would sit with them with base‐10 blocks and work with them on
exchanging tens and hundreds to make the problem able to solve.
(Bethany)
I would use a place value mat to demonstrate the need to borrow from the
hundreds. When a student moves one hundred to the tens it will be easier
for them to visualize that they have 6‐4 instead of 7‐4. (Brittany)
12 out of 20 participants answered with a procedural response, using
explanations that had to do with the procedure of an algorithm, including phrases like
“borrowing”, “cross out”, and “take one away”. Some responses did not make mention of
the procedure but instead used phrases like “check your answer” or “try a different
strategy”. The following are examples that illustrate these kinds of responses:
I would show the student that we can borrow from the 7 to make it a 6 and
make the 3 a 13, and then we can take 8 away from 13. (Jackie)
They forget to regroup and borrow, I would suggest that the student tries a
different subtraction strategy. (Abby)
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I would explain that when I made the “3” into a “13”, I must take away “one”
from the left. (Teresa)
Question 2: Imagine you are introducing addition with regrouping to your
students, how would you show students why
27 + 95 = 122?

More participants answered this question conceptually than the subtraction
example. 12 out of the 20 participants were able to use some sort of explanation that
dealt with the concept of regrouping rather than the algorithm. The majority of
participants made mention of using base ten blocks to demonstrate the regrouping of
ones to make a ten. The following are examples of typical conceptual responses from
participants.
I would explain to the students that 7 + 5 = 12, but since the ones spot can
not hold 12, we write the 2 (for 2 ones) and carry the 1 over into the tens
spot to represent our one set of ten. Then I would show students to add 1 +
2 + 9 = 12. I would repeat this and show students to write the 2 down again
and carry the one into the hundreds spot. Then add again. (Seana).
I would use base ten blocks to show that the ones are more than ten by
lining up with a tens stick. Then trade the ones out. (Abby)
Use manipulatives or drawings while reinforcing place value. Draw out 2
tens and 7 ones, then draw out 9 tens and 5 ones. Circle 10 of the ones and
show how it can be combined into a ten. (Carol)
Five participants used procedural responses to answer the question, and common
phrases included “line up the problem vertically” or “ carrying”.
I would explain that we can only put one number at a time under the line
until we are finished or run out of numbers, therefore we can only put the 2.
I would then put the 1 on top of the 2. (Jackie)
I would start by rewriting the problem vertically. Next I will explain how to
regroup by carrying the (1) to the tens place and then add the three numbers
together to get the final answer. (Lily)
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Three participants used methods that did not involve regrouping but alternate
methods including grouping numbers to make 100, partial sums and rounding. One of
these three participants (Natalia) noted that she was “not sure what regrouping is” and
instead chose an alternate method to add the two numbers by regrouping the numbers
to make 100.
In particular, the pedagogy survey revealed that teacher candidates struggle to
conceptualize fractions. The CCSSM state that students should demonstrate their
interpretations of operations by creating in context story problems that correspond to a
given mathematical exercise. Therefore it is important that new teachers also have this
understanding. It no longer suffices for students to memorize a procedure to solve a
problem involving the division of fractions. Now students have to create their own word
problems that interpret the division of fractions. The following is a discussion of the
three questions in the pedagogy survey that dealt with fractions.

Question 3: Create a story problem to illustrate that

ૡ

.

When given this exercise, only some participants (7 out of 20) were able to create
an accurate story problem that depicted the division exercise. Correct responses were
similar to the following, “Mary and Alice are making muffins. Each muffin tin needs ½ cup
of batter. They have 4 ¼ cups of batter in total. How many muffin tins can they fill? “ (Lily).
All of these responses started with 4 ¼ units of some object and involved finding the
number of ½‐sized units in the object.
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The majority (13 out of 20) of participants could not create a story problem to
represent the division exercise. Some participants (5 out of 20) created story problems
that interpreted the problem as a division by two rather than dividing by one‐half.
Responses were similar to this story problem written by Jackie, “If mom has 4 ¼ cups of
milk and wants to divide it in half so you and her have equal parts, how much would each of
you have?”
Other incorrect responses (8 out of 20) were story problems that did not make
sense (3 out of 20), participants that chose not to answer (3 out of 20), or participants
indicating that they did not know how to create a story problem to represent the
situation but knew how to do the problem using the traditional algorithm (2 out of 20).
Sample responses are below.
Ms. Sweetzer wants to bake cakes for her son’s birthday party. She has 4 ¼
pounds of sugar at home and wants to know how many cakes she can bake.
(Carol)
I know how to solve this one but do not know how to go about making a
story problem that explains what needs to be done. (Brittany)
Baking recipe for muffins. 4 ½ cups of sugar. Each requires ½ cup of sugar.
How many cups will allow the recipe to bake 4 muffins? (Lauren)
Two participants “endorsed” in mathematics, meaning that are able to teach
mathematics through 9th grade were unable to write a story problem for the exercise.
One of these two participants responded with a story problem depicting dividing by two,
while the other left the problem blank. When interviewed as to why she left it blank she
responded with: “I think there were two questions that I wasn’t sure of, I just couldn’t
think of how to answer them and I couldn’t figure out how to explain it.” (Nancy) Yet both
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of these participants are certified to teach elementary, middle, and the start of high
school.
These findings are similar to the research of Liping Ma (1999), where in a similar
division by ½ problem, among 23 teachers, 6 could not create a story problem and 16
made up stories with misconceptions, many confusing division by one‐half with
multiplication by ½. This division exercise was taken from a sixth grade standard in the
CCSSM. Although in some regions this is considered a middle school problem, as
discussed in the literature review, research has discussed the importance of elementary
teachers being well versed in both elementary school mathematics and mathematics in
the middle grades. Furthermore, depending on state certification, sixth grade is often
under the elementary certification umbrella, thus it is important that elementary
teachers have a strong knowledge of fractions and be able to create a story context for a
given problem.

Question 4: “How would you explain why when you divide by a fraction you
multiply by the reciprocal of the fraction? You can use the following division
exercise to assist you in your explanation: 3 ÷ ¼ =12.”

According to the CCSSM, teachers should be able to use visual models along with
story problems to display the quotient of a whole number by a unit fraction, thereby
conceptually showing why 3 ÷ ¼ =3 x 4 = 12. When given this question, few participants
(7 out of 20), were able to correctly use a model or a story context in their explanation. A
typical response is found below.
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If I have 3 pies and each pie is divided into ¼, each pie would yield 4 pieces.
Three pies would yield 12 pieces total. We can solve this by multiplying 3 by
4, the reciprocal of ¼. When we divided the three pies by ¼, we could
multiply by the reciprocal 4, because we are actually counting the number of
fractions (1/4 pieces of pie) that make up the original number (3 pies).
(Carol)
In addition, one participant (Clarissa) used complex fractions, a higher‐ level
concept, in her explanation. Most procedural responses had different phrases having to
do with multiplying by the reciprocal, such as, “flip the second fraction and multiply”. A
few of these responses involved the phrase, “the opposite of dividing is multiplying”, or
some equivalent phrase with the same meaning. These responses were very rote and
evidenced that participants had memorized rules to solve the problem. The following is a
typical response of participants that is rote in nature:
When you divide by a fraction you multiply by the reciprocal because
dividing is the opposite of multiplying and you have to flip the fraction. For
example, 3 divided by ¼ is the same is 3 times the opposite of ¼ which is 4.
Therefore, 3 divided by ¼ is the same as 3 x 4 = 12. (Kathy)
Most responses (11 out of 20) were similar to this, using procedures in their
explanations that do not necessarily explain the root of the concept. Two participants did
not answer the exercise.
Question 5: When introducing to students how to rename mixed numbers into
improper fractions, how would you teach a child to rename 2 into an improper
fraction?
The struggle amongst novice teachers to conceptualize fractions was once again
seen in their responses to this question on the survey.

Since visual models is a

competency stressed by the CCSSM, responses to this question were categorized as
conceptual if the participant made mention of a visual model or story problem that
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described decomposing wholes into parts and using the sum of the parts in comparison
to the whole to answer the question. Contrastingly, responses were categorized as
procedural if participants made mention of algorithm, relying on a previously memorized
rule.
When analyzing responses, the majority of responses (12 out of 20) were
considered procedural. Common phrases were used in explanations, such as “multiply
the 4 and the 2 and add 3 and put this answer on top of 4” or “take the denominator in
the fraction and multiply it by the whole number, then add the numerator. This is the new
numerator and the denominator remains the same.”

It is clear to see that these

responses are strictly based on the algorithm rather than the concept.

Only some

responses (six out of twenty) were conceptual and involved explanations of concrete
models to demonstrate the concept of breaking down two wholes into fourths.

The

following are typical examples of conceptual responses:
I would draw out two rectangles undivided and a third showing the ¾, I
would then show how the wholes need to be divided into four pieces.
We
can then count the number of pieces in total. (Abby)
If I have 3 pies and each pie is divided into ¼ , each pie would yield 4 pieces.
Three pies would yield 12 pieces total. We can solve this by multiplying 3 by
4, the reciprocal of ¼ . When we divided the three pies by ¼ , we could
multiply by the reciprocal 4, because we are actually counting the number of
fractions (1/4 pieces of pie) that make up the original number (3 pies).
(Carol)
Two participants did not respond, one of who is endorsed in mathematics and was
later interviewed. When asked why she left the question blank, the participant said she
“just couldn’t figure how to explain the answer” (Nancy).
According to Ball (1989), years of memorization, focus on answers, inattention to
meanings, have led way to algorithmic ways of knowing and doing mathematics.
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Responses to the pedagogy survey confirm Ball’s viewpoint, as the majority of responses
to the pedagogy survey were procedural in nature. “Teachers must know rationales for
procedures, meaning for terms, and explanation for concepts” (Ball, Phelps & Thames,
2008, p. 8). What is clear from the results of the pedagogy survey is that the majority of
prospective teachers lack this understanding. Most participants strictly relied on the use
of an algorithm in their explanations.
Question 6: A student does not understand why when you subtract a negative
number, the number from which you are subtracting increases. For example: 7‐
(‐2) = 9. How would you show or explain to a student why this is true?

Out of the twenty responses, 6 out of 20 participants made mention of using
direction on a number line to demonstrate subtraction as adding the opposite or moving
towards the right direction on the number line. However only, four of these six responses
explained how the number line could be used to demonstrate the concept.

Sample

responses are below.
When subtracting with negative numbers on a number line, the subtraction
sign means to go in the opposite direction of the directed distance that
follows. Thus, to find +7‐ (‐2) , start at +7, then do the opposite of (‐2) – that
is, go 2 units to the right ending at +9. (Clarissa)
Show the students a number line and explain how the negative sign changes
the direction of the hops. (Laura)
You are taking a number from the other side of zero which changes the rules
of subtraction. A negative will make a larger answer in subtraction because
of placement on the number line (Abby)
Use a number line to show direction of subtraction when combined with
negative numbers. (Carol)
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The remaining responses mentioned the use of a number line to explain the
concept but failed to go into greater detail. One additional participant said that she would
“show the student that when you subtract a negative number, you are actually adding a
positive number” (Jackie), but failed to mention how she would show this.
Four participants used procedures to explain the concept and phrases like “turn
the two minus symbols into a plus”. Five participants wrote mathematically incorrect
responses, three of these responses confused subtracting a negative number with finding
the product of two negative numbers, using phrases as “whenever you get a (‐) (‐) you
add up because two negatives will always equal a positive.” Five participants left the
question blank. Examples of procedural responses are found below.
I would teach the slogan, “A negative minus a negative equals a positive.”
(Jessica)
I would do the tweak method of trying to explain and show the student that
when you have two marks in that position just cross them both into plus
signs to see that this problem become an addition problem. (Maddy)
The minus of a minus is a plus rule. (Lauren)
Although this is a middle school concept, as discussed in the literature review,
current research recognizes the importance of elementary teachers learning the
progression of elementary mathematics through the middle grades, therefore elementary
teachers still need to have an understanding of operating with integers.

Question 7: Imagine that you are working with your class on multiplying two, two digit
numbers. Your students’ solutions are displayed to the right. Which of these student’s
method can be used to multiply any two whole numbers?
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Out of the 20 participants, some (5 out of 20) participants were able to identify all
three methods as being correct.

Seven participants identified two out of the three

methods as being correct, and seven participants identified one out of the three methods
as being correct. Of the seven participants that chose two correct methods, five
participants chose Student B and Student C, one participant chose Student A and Student
B, and one chose participant chose Student A and Student C. Of the seven participants
that identified one method as correct, four participants chose Student B and three
participants chose Student C. One participant did not answer the question. The majority
of participants (15 out of 20) were able to identify the standard algorithm (Student B) as
correct, while

(14 out of 20) were able to identify the partial products algorithm

(Student C) as correct, and only some, (7 out of 20) were able to identify Student A’s
method as correct. Interestingly, one participant was unsure if the standard algorithm
worked for all whole numbers and three participants thought this method would not
work all. These three participants chose the partial products method as the only method
that could work.

Six participants did not think that Student A’s method worked and

another six participants were unsure. Whereas, only two participants were unsure if
Student C’s method works for multiplying any two whole numbers, and three
participants did not think this method would work at all. Participants have likely been
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exposed to the alternate algorithm of using partial products for multiplying two whole
numbers, and therefore were familiar with this and recognized the use of the algorithm
for Student C’s work. While, Student A’s method required participants to use their
knowledge of place value, number sense, and reasoning to verify the validity of this
approach and therefore struggled with identifying it as correct. Research suggests that
teachers’ beliefs about mathematics are limited and dualistic in the sense of having a
right or wrong orientation with mostly single procedures to obtain a correct answer
(Thompson, 1992). Therefore, some teachers struggle with identifying more than one
approach or algorithm to solve an exercise because they see mathematics as a fixed set of
procedures that must be done to obtain a correct answer. According to Ball (2008), being
able to engage in mathematical inner dialogue and provide mathematically valid answers
to alternate student solutions are a crucial foundation for determining what to do in
teaching mathematics. Since teachers face all types of solutions, they should have the
knowledge and ability to decide if the approach is mathematically correct and
differentiate between those methods that work in general for a similar problem and
those that do not. The findings of this study suggest that the majority of pre‐service
teachers are not able to correctly identify valid alternate approaches to multiplying two
whole numbers.
Finding #2: The majority of participants feel that they have what it takes to be an
effective mathematics teacher.
The “Your beliefs about teaching mathematics survey” was given to participants to
assess their personal beliefs in their capabilities of being effective teachers of
mathematics. The survey contained thirteen questions having to do with varying aspects
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of personal mathematics teaching efficacy revealing participants’ beliefs on aspects of
their own pedagogical competencies.

Below is a table listing each statement and

participants’ response rates. After looking at the surveys, it is clear that the majority of
participants feel that they have what it takes to be an effective mathematics teacher.
However, the results of some of these statements were found to be contradictory to the
data gathered from the interviews and pedagogy surveys suggesting a discrepancy
between participants’ perceived competencies and the actual competencies that they
exhibit. These particular statements are highlighted in this section.
Table 5. Responses to the PMTE Statements
Q1. I continually find better ways to teach mathematics.
Responses
Count
%
Strongly Agree
6
24.00%
Agree
13
52.00%
Undecided
5
20.00%
Disagree
0
0%
Strongly Disagree
0
0%
(Did not answer)
1
4.00%
Total Responses
25
Q2. Even if I try very hard, I do not teach mathematics as well as I teach most
subjects.
Responses
Count
%
Strongly Agree
1
4.00%
Agree
5
20.00%
Undecided
4
16.00%
Disagree
12
48.00%
Strongly Disagree
2
8.00%
(Did not answer)
1
4.00%
Total Responses
25
Q3. I know how to teach mathematics concepts effectively.
Responses
Count
Strongly Agree
1
Agree
10
Undecided
11
Disagree
2
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%
4.00%
40.00%
44.00%
8.00%

Strongly Disagree
0
0%
(Did not answer)
1
4.00%
Total Responses
25
Q4. I am not very effective in monitoring mathematics activities.
Responses
Count
%
Strongly Agree
0
0%
Agree
0
0%
Undecided
7
28.00%
Disagree
15
60.00%
Strongly Disagree
2
8.00%
(Did not answer)
1
4.00%
Total Responses
25
Q5. I generally teach mathematics concepts ineffectively.
Responses
Count
%
Strongly Agree
0
0%
Agree
1
4.00%
Undecided
3
12.00%
Disagree
16
64.00%
Strongly Disagree
4
16.00%
(Did not answer)
1
4.00%
Total Responses
25
Q6. I understand mathematics concept well enough to be effective in teaching
elementary mathematics.
Responses
Count
%
Strongly Agree
8
32.00%
Agree
11
44.00%
Undecided
4
16.00%
Disagree
1
4.00%
Strongly Disagree
0
0%
(Did not answer)
1
4.00%
Total Responses
25
Q7. I find it difficult to use manipulatives to explain to students why mathematics
works.
Responses
Count
%
Strongly Agree
0
0%
Agree
0
0%
Undecided
1
4.00%
Disagree
13
52.00%
Strongly Disagree
10
40.00%
(Did not answer)
1
4.00%
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Total Responses
25
Q8. I am typically able to answer students' questions about mathematics.
Responses
Count
%
Strongly Agree
7
28.00%
Agree
14
56.00%
Undecided
2
8.00%
Disagree
1
4.00%
Strongly Disagree
0
0%
(Did not answer)
1
4.00%
Total Responses
25
Q9. I think I do not have the necessary tools to teach mathematics.
Responses
Count
%
Strongly Agree
0
0%
Agree
1
4.00%
Undecided
1
4.00%
Disagree
17
68.00%
Strongly Disagree
5
20.00%
(Did not answer)
1
4.00%
Total Responses
25
Q10. Given a choice, I would not want my principal to evaluate my mathematics
teaching.
Responses
Count
%
Strongly Agree
0
0%
Agree
5
20.00%
Undecided
1
4.00%
Disagree
15
60.00%
Strongly Disagree
3
12.00%
(Did not answer)
1
4.00%
Total Responses
25
Q11. When a student has difficulty understanding a mathematics concept, I am
usually at a loss as to how to help the student understand it better.
Responses
Count
%
Strongly Agree
0
0%
Agree
0
0%
Undecided
5
20.00%
Disagree
15
60.00%
Strongly Disagree
4
16.00%
(Did not answer)
1
4.00%
Total Responses
25
Q12. When teaching mathematics, I usually welcome students' questions.
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Responses
Count
%
Strongly Agree
13
52.00%
Agree
12
48.00%
Undecided
0
0%
Disagree
0
0%
Strongly Disagree
0
0%
(Did not answer)
0
0%
Total Responses
25
Q. 13 I do not know what to do to turn students on to mathematics.
Responses
Count
%
Strongly Agree
0
0%
Agree
1
4.00%
Undecided
8
32.00%
Disagree
14
56.00%
Strongly Disagree
2
8.00%
(Did not answer)
0
0%
Total Responses
25
Teachers play a crucial role in creating mathematics environments that provide
students with concrete representations that enhance and build on their knowledge and
understanding of mathematics. According to Moyer (2001), “manipulative materials are
objects designed to represent explicitly and concretely mathematical ideas that are
abstract” (p. 176). In classrooms of today, with the Common Core’s emphasis on the use
of concrete models to conceptually understand the abstract written methods that
students use to solve problems, manipulatives have become increasingly important.
According to the mathematics efficacy survey, the overwhelming majority of
participants (23 out of 25) “strongly disagree” or “disagree” with the statement “I find it
difficult to use manipulatives to explain to students why mathematics works”, yet this did
not translate into their explanations in the mathematics pedagogy survey. When asked to
explain how they would teach particular mathematics concepts, only some participants
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actually made use of manipulatives in their explanations on a consistent basis, while
most participants used rules, procedures and aspects related to an algorithm in their
explanations of elementary mathematics concepts. For example, the first question of the
mathematics pedagogy survey asked participants the following question: “A student
makes the following mistake: 734‐481 = 353. How do you respond?”. Out of the 20
participants that filled out the pedagogy survey, only six participants made mention of
using some sort of manipulative or drawing to reinforce the concept of place value.
However, one of these six responses failed to mention how the manipulative would be
used to reinforce the concept. Most other participants used phrases like “cross out the
number and write one less” or “regroup and borrow” or “have the student check their
work again”.
The use of manipulatives improved for the second question (“Imagine you are
introducing addition with regrouping to your students, how would you show why 27 + 95
= 122?”), with 12 out of 20 participants making mention of base‐ten blocks or some other
type of manipulative to show place value, still leaving eight participants whom did not
make any mention of manipulatives. Five of these eight participants responded with
phrases like “rewrite the problem vertically”, “regroup and carry”, “circle the extra
number”, or “put the one on top of the two”. Again, using phrases limited to aspects of the
algorithm rather than using concrete models to demonstrate place value and
conceptually understand the written algorithm. It should be noted that the use of
manipulatives, whether concrete models or drawings, are an emphasis of the CCSSM
when teaching place value.
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The contradiction between participants’ perceived competency on the use of
manipulatives and their actual use of manipulatives in teaching may be a result of
participants’ “surface beliefs” versus their “deep beliefs”. According to Kaplan (1991),
teachers have deep beliefs and surface beliefs. Surface beliefs can be described as the
beliefs that one thinks one should hold, related to “superficial” practices, rather than
what they actually believe, or their deep beliefs.

Therefore participants may have

indicated that they do not find difficulty in using manipulatives because that is the belief
they feel they should have rather than what they actually believe. Raymond (1997) found
in her study with new elementary teachers that deeply held, traditional beliefs about the
nature of mathematics may perpetuate mathematics teaching that is more traditional,
even when teachers hold nontraditional beliefs about mathematics pedagogy. She
suggests that, “early and continued reflection about mathematics beliefs and practices,
beginning in teacher preparation, may be the key to improving the quality of
mathematics instruction and minimizing inconsistency between beliefs and practice” (p.
574).
The majority of participants, (19 out of 25), strongly agree or agree that they
“continually find better ways to teach mathematics”. However, during the interviews it
was found that only one participant actually engaged in professional activities to enhance
their formal learning inside the classroom. Therefore, the interviews revealed that the
majority of participants do not participate in professional activities to complement their
formal preparation. However, this may change when participants enter the field and gain
professional development opportunities through their employer. This contradiction may
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be due to participants’ inclination to answer the survey with their surface beliefs, rather
than their actual beliefs.
There was a high number of participants (11 out of 25) that remained
“undecided” to the statement “I know how to teach mathematics concepts effectively”,
while 10 out of 25 participants agreed with this statement. Yet, the majority (19 out of
25) participants feel that they understand mathematics concepts well enough to be
effective in teaching elementary mathematics. Therefore, although some teachers are
unsure if they can teach mathematics concepts effectively, they still feel that they
understand mathematics well enough to teach mathematics and be effective. To gain
clarity on this inconsistency the researcher interviewed a participant that chose these
two responses. The participant stated:
Oh I said undecided because I think that math is one of those things
that is a hit or a miss. And it is like did the children pass the
assessment, whatever the assessment was, how did they do on it?
(pauses) So I don’t know, I don’t know if I am effective unless the
majority of the class passed the assessment. (Samantha)
Based on this response, perhaps some participants did not have the opportunity to see
concrete numbers that deem them as effective teachers of mathematics, even though they
feel that they understand mathematics well enough to be an effective mathematics
teacher. For most participants, the only experience they have teaching mathematics on a
regular basis is during their student teaching, and this may not be enough time for them
to assess whether they teach mathematics concepts effectively. They may not have the
opportunities to give summative and formative assessments with children and use these
to reflect on themselves as teachers of mathematics.
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Researchers hypothesize that the discrepancy among teacher candidates
perceived abilities to teach mathematics effectively and what they exhibit in their
teaching is due to their lack of experience in teaching. As mentioned in the literature
review, when pre‐service teachers spend more time in the classroom, and have more
opportunities to teach mathematics on a daily basis, they develop a sense of their
competence. Field experiences also provide teacher candidates with an opportunity to
develop perceptions of their effectiveness of their teaching for their students
(Charalambos, Charalambous, Phillippou, & Kyriakides, 2007). Perhaps these findings
would be different after participants finish their first year of teaching.
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Chapter V
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS
The purpose of this study was to determine how well traditional elementary
preparation programs and alternative elementary certification programs are perceived
by aspiring teachers, to prepare them to teach mathematics to the standards required
today. The study was guided by the following research questions:
(1) How do participants describe their mathematical experiences prior to
entering their teacher preparation programs?
(2) How do participants describe the mathematics preparation they
receive in their respective preparation programs and what types of
mathematics preparation, if any, do they wish they had before beginning
student teaching?
(3) What kinds of additional professional activities, beyond the official
preparation received in their teacher education program, do participants
engage in outside the classroom to support and enhance their formal
preparation for mathematics teaching?
(4) What are participants’ perceived pedagogical competencies in
mathematics and how do these differ across various preparation
programs?

Summary
This study is of qualitative design with multiple data collection methods.
Participants were recruited from four different teacher preparation programs and one
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alternative route program to fill out a two‐part survey. One teacher preparation program
is a top ranking program in elementary mathematics education and is located in the
South, two programs are average ranking and located in the Midwest, one undergraduate
program is a low ranking program located in the Northeast and the alternative route
certification program is located in New Jersey. A subset of these participants participated
in a follow up, semi‐structured interview.
The principal investigator designed a qualitative, online survey and a semi‐
structured interview protocol that was reviewed by professional colleagues. The survey
consisted of three parts, a background survey, a mathematics efficacy survey titled “Your
Beliefs about Teaching Mathematics”, and a “Mathematics Pedagogy Survey”. The “Your
Beliefs about Teaching Mathematics” survey used a Likert‐scale to gather data on
participants’ personal mathematics teaching efficacy while the pedagogy survey was
used to gather data on how participants would teach particular mathematical concepts
that are now require a conceptual understanding among students due to the Common
Core State Standards for Mathematics. The semi‐structured interviews gathered more
information on teacher candidate’s teacher preparation programs and also allowed the
participants to expand on their responses to the surveys.
Conclusions
Research Question 1: How do participants describe their mathematical experiences
prior to entering their teacher preparation program?
This study explored the diverse mathematical experiences that teacher candidates
enter their teacher preparation programs with, including their attitudes towards the
subject, their perceptions of themselves as students, and their coursework prior to
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entering their teacher education program. The answers to research question one were
based on the background survey. The findings suggest that in selective programs, most
teacher candidates have been exposed to higher levels of mathematics, whether it is
calculus or statistics. Yet, although students have taken such classes as AP Calculus or AP
Statistics, their knowledge of elementary school mathematics content and pedagogy
cannot be judged by the amount of mathematics they have taken prior to entering their
teacher preparation program. The pedagogy survey unveiled teacher candidates’
difficulty with conceptualizing fractions, even after taking the mathematics content and
methods coursework provided by their teacher preparation program. This is consistent
with research conducted by mathematics education researchers and mathematicians,
whom agree that it is not enough for teachers to depend on their past experiences as
learners of mathematics as their preparation to teach mathematics (CBMS, 2012).
The findings also suggest that even when participants rate themselves as decent
mathematics students (“A” or “B” students), teacher candidates are not enthusiastic
towards mathematics or themselves as learners of mathematics. When participants were
interviewed about their perceptions of themselves as learners of mathematics,
participants used phrases like “It was okay,” “I didn’t love it,” or “I was frustrated.” These
findings are consistent with the literature suggesting that prospective teachers are
persuaded by their experiences in elementary and secondary school, seeing mathematics
as uninteresting, a subject where they must follow procedures and memorized rules
(Ball, 1989).
Research Question #2: How do participants describe the mathematics preparation
they receive in their respective preparation programs and what types of
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mathematics preparation, if any, do they wish they had before beginning student
teaching?
The purpose of research question 2 was to determine the types of mathematics
coursework, field experiences, and exposure to the CCSSM that teacher candidates have
in their teacher preparation program and also explore with participants, the additional
types of preparation in mathematics education they would find beneficial. The data from
the background survey and interviews were used to answer this research question.
Findings suggest that there are no policies in place that require consistency across
teacher education programs in regards to the amount of mathematics content courses
required in teacher preparation programs. Furthermore, institutions themselves vary in
their requirements resulting in pre‐service elementary teachers gaining different
experiences in their mathematics education. Therefore although the NCTQ used the
syllabi and various other documents to rank elementary teacher education programs in
their teacher preparation in mathematics, it should not be assumed that all students
graduating from the same program have the same experiences. For example, Bethany, a
participant from the four‐star institution took one course on the mathematics taught in
elementary school, while Clarissa was required to take two courses. This particular
program’s published program plan suggests that prospective teachers should take three
courses in mathematics content. These variations in coursework selection were also
found in both two‐star institutions as well.
In regards to the CCSSM, it was found that the degree to which teacher education
programs integrate the CCSSM in their curriculum varies from one program to another
and within the same preparation program. One reason for this may be due to teacher
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educators themselves not deeming the standards to be of importance, or seeing the
standards as a temporary curriculum shift that will swing in another direction. As a
result teacher educators may not spend time redesigning their coursework to integrate
the CCSSM. Although the standards are meant for K‐12 mathematics students, the
standards apply to everyone engaging in mathematics, including elementary teachers
(CBMS, 2012).
This study also found differences in the amount of time spent teaching
mathematics. The surveys found that with the exception of alternative route certification
programs, all teacher education programs had some sort of field experience requirement
for pre‐service teachers. Yet during the follow up interviews, it was found that the
amount of time that prospective teachers spent teaching mathematics varied from one
participant to another. For example, in the four‐star program participants within the
same program had varying responses to their field experiences. One participant indicated
having ample opportunity to observe and teach mathematics prior to student teaching,
while the other noted that student teaching was the first experience she had teaching
mathematics and it was the last subject to be added on and the first subject to come off
her teaching load. Thus, there is little consistency in the amount of mathematics teaching
that teacher candidates obtain from their field experience, before student teaching and
during their student teaching experience. Therefore elementary teachers may not have
adequate experiences teaching mathematics prior to entering their first teaching
position.
Through the mathematics efficacy survey, this study found that in general, the
majority of participants feel that they are prepared to step into the classroom and teach
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mathematics. However, there are areas where they would like more support, including
areas of introducing and teaching early childhood concepts, the general scope and
sequence of elementary mathematics, and tactics to integrate test preparation into daily
mathematics activities. Whether it is due to a lack of resources or varying priorities, some
teacher preparation programs have limited time to prepare teachers with mathematics
preparation, in both content and pedagogy. As found in the background survey,
preparation programs may only require one or two content courses and one methods
course, thus the content of courses must be carefully chosen to make worthwhile
learning experiences for prospective teachers.
Research Question #3: What kinds of additional professional activities, beyond the
official preparation received in their teacher education program, do participants
engage in outside the classroom to support and enhance their formal preparation
for mathematics teaching?
This study found that the overwhelming majority of pre‐service teachers do not
engage in any preparation in mathematics outside of their formal preparation to enhance
their practice. Contrastingly, alternative route certification teachers have ample
opportunities to attend professional development. Since they are already out in the field,
these teachers are provided with professional development opportunities through their
school district. The interviews revealed the limited opportunities for teacher candidates
to access professional development outside of their institution. A few participants made
mention of tutoring children as an outside source of supporting their teaching of
mathematics. Therefore, if pre‐service teachers would like to attend additional activities,
they must be motivated to pursue these on their own.
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Research Question #4: What are participants’ perceived pedagogical competencies in
mathematics and how do these differ across various preparation programs?
From the pedagogy survey, it is clear that in general, prospective teachers
tend to teach procedurally rather than conceptually. Responses to each of the questions
from the pedagogy survey were categorized as conceptual or procedural, and for any
given question, the majority of responses fell into the procedural category. This finding is
consistent with Licwinko (2014), suggesting that teachers tend to have a procedural
understanding, rather than a conceptual understanding of fractions, subtraction, area
and perimeter and according to Ma (1999), their understanding is limited to aspects to
the algorithm. Ma found that this also extended into the classroom as teachers’ limited
understanding of mathematics stifled their students’ understanding of the various
concepts.
In particular, it was clear that many elementary teacher candidates
struggle with conceptualizing fractions and creating word problems representing
division with fractions. Participants made note that they could do the problem using a
procedure but could not show why when you divide fractions you multiply by the
reciprocal, or show how to change a mixed number to an improper fraction conceptually.
When creating a story problem that represented dividing by a half, many confused this
concept with dividing by two. This misconception is consistent with the findings of Ball
(1989), where she asked participants to create a story to represent the exercise, 2 ¼ ÷ ½ ,
and many participants also confused dividing by one‐half as division by two, and some
could not create a story problem at all. Yet when asked to complete the initial task of
completing the exercise, participants remembered the procedure of multiplying by the
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reciprocal of the second fraction. Twenty‐five years later, it can still be concluded that the
majority of prospective teachers lack a conceptual understanding of operating with
fractions and as a result will teach operating with fractions using traditional, algorithmic
methods. The difference between today and twenty‐five years ago is that today, upper
primary students have to be able to write these in context story problems, since this is a
standard in the CCSSM, whereas twenty‐five years ago, teachers could get by with solely
teaching the algorithm.
In general, from the mathematics efficacy survey it was found that the
majority of participants (76%) feel confident in their understanding of mathematics
concepts to teach mathematics effectively but at the same time the majority of
participants (52%) either are unsure or do not feel that they know how to teach
mathematics concepts effectively.

These two statements are similar, yet the first one

stresses an understanding of mathematics concepts while the second statement
emphasizes teaching mathematics concepts. Teacher candidates perceive that they have a
grasp of mathematics content to be effective but they are not as confident in whether
their teaching of mathematics will be effective. This finding is consistent with studies
conducted by Bates, Kim, and Latham (2011) and Charalambos, Charalambous,
Phillippou, & Kyriakides (2007), that found that pre‐service teachers with high
mathematics self‐efficacy know they can teach mathematics, but do not know if they will
be effective for their students. This may be due to the little experience that they have
teaching mathematics. As noted earlier, the amount of time spent teaching mathematics
during field experiences and student teaching is very limited in some cases, so
prospective teachers may not feel as confident in their practice as they do with the
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educational theories and mathematics content they have learned in their mathematics
education coursework.
Although teachers generally feel that they have the ability to be effective
teachers of mathematics, there is a discrepancy between their perceived competencies in
being teachers of mathematics and their exhibited competencies. For example, the
overwhelming majority (92%) of participants perceive that they do not find it difficult to
use manipulatives and the overwhelming majority (88%) feel that they have the tools
necessary to be teachers of mathematics. Yet the pedagogy survey revealed that the
majority of participants have a procedural understanding and approach to teaching
subtraction,

fractions, and

alternative

algorithms

and

few

participants

manipulatives, models, or diagrams in their explanations of these concepts.

used
In the

survey, the overwhelming majority (76%) of participants also indicated that they
continually find better ways to teach mathematics, yet when participants were
interviewed, only one out of the seven participants actually participated in professional
development opportunities to better their teaching. These findings are analogous to the
research conducted by Bates, Kim, & Latham (2011), in which they found that pre‐service
teachers who scored low on a basic mathematics skills test felt just as confident in their
abilities to teach mathematics as those who scored high on the same assessment. This
highlights the discrepancy between pre‐service teachers’ perceptions of their ability to
be effective teachers of mathematics and their actual competencies. One reason for this
may be due to their lack of teaching experience. Charlambos et al., (2011) note that
teaching mathematics on nearly a daily basis for three months helped prospective
teachers gain a sense of their competence.
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Discussion
At the conclusion of this study, what became apparent is the danger in treating
conceptual knowledge and procedural knowledge as a rigid dichotomy. While coding
responses from the pedagogy surveys, it became clear that the two constructs are not
mutually exclusive, but rather there is a continuum of understanding from procedural to
conceptual with an integration of both between. Take for example, the following
responses to question 2 in the pedagogy survey which gave participants the following
scenario: “Imagine you are introducing addition with regrouping to your students, how
would you show students why 27 + 95 = 122?”
When regrouping circle your extra number so you don’t forget its there to
add. (Lauren)
I am writing the problem vertically onto the board. I would mention that
we know it is 12 but we can’t just write 12 underneath because 2 + 9 is not
1. When we add # together that have multiple digits we have to be
prepared to carry one of the digits over to the left. We can write down the 2
underneath the 7 and the 5, but have to carry the one and add it after we
calculate the #’s in the tens place. (Jessica)
I would start by rewriting the problem vertically. Next I will explain how to
regroup by carrying (1) to the tens place and then add the three numbers
together to get the final answer. (Lily)
I would explain to the students that 7 + 5 = 12, but since the ones spot
cannot hold 12, we write the 2 (for 2 ones) and carry the 1 over into the
tens spot to represent our one set of ten. Then I would show students to
add 1 + 2 + 9 = 12. I would repeat this and show students to write the 2
down again and carry the one into the hundreds spot. Then add again.
(Seana)
Use manipulatives or drawings while reinforcing place value. Draw out 2
tens and 7 ones, then draw out 9 tens and 5 ones. Circle 10 of the ones and
show how it can be combined into a ten. Circle 10 of the tens and show
how it can be combined into a single hundred. Count out the hundreds,
tens, and ones to get 122. Next to the drawing stack the numbers vertically
while carrying 1 ten and 1 hundred. Show students that both ways help us
arrive at the same answer. (Carol)
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Before looking at these responses, it should be mentioned that although a participant
may choose to teach a concept procedurally, it cannot be assumed that the teacher
themselves has a procedural understanding. How one chooses to teach a particular
concept is not necessarily indicative of one’s understanding of the concept.

These

responses demonstrate a range of understanding, from procedural to conceptual.
Lauren’s response lacks any mention of place value and she only makes mention
of the algorithmic procedure with her comment of “circle your extra number so you don’t
forget it is there to add”. Jessica’s response shows some evidence that she understands
the concept: although she doesn’t explicitly use place value throughout her explanation,
she does make connections between the algorithm and the concept. She notes that
because 2 + 9 is not 1, it doesn’t make sense to put 12 underneath, and goes on to make
this the reason for carrying the 1, but doesn’t make mention of the 1 representing a ten.
Lily says she will explain how to regroup by carrying the one to the tens place, making
the reader infer that she knows the 1 is a ten, but whether she will explain this to her
students is still in question. Thus there are some hints of teaching the concept here as
well, but as written her explanation still does not explain the concept behind the
procedure.
Seana’s response evidences use of place value to explain the algorithm, adding the
ones together and carrying the 1 because it is “a set of ten”, and adding the tens places
together and carrying the one to the hundreds place. Thus this explanation explains the
concept using place value more than the other responses, and may be considered more
conceptual, but her explanation does not fully explain the procedure, as when she gets to
the tens place, and adds 1 + 2 + 9 to get 12, she does not make mention of adding tens, to
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get 12 tens, and regrouping 10 tens for 1 hundred. Carol’s explanation makes use of
manipulatives to reinforce place value and explain the concept behind the algorithm.
From her explanation it is clear that she is teaching for a conceptual understanding as
each step explains the concept behind the algorithm. She makes mention of regrouping
10 ones for a ten, and regrouping 10 tens for a hundred. Carol also uses manipulatives to
make the abstract procedure in the algorithm more concrete for children.
Procedural knowledge may be defined as familiarity with “rules or procedures for
solving mathematical problems” or “chains of prescriptions for manipulating symbols”
while conceptual knowledge can be described as a connected web of knowledge,
“knowledge that is rich in relationships” and that cannot exist as “an isolated piece of
information” (Hiebert & Lefevre, 1986, p. 7‐8, p. 3‐4).
Star (2005) argues that conceptual knowledge should not be defined as
knowledge of concept or principals but rather in terms of the quality of a person’s
knowledge of concepts. In his view, “the term concept does not imply connected
knowledge” as “connections in a concept may be only limited and superficial, or they may
be extensive and deep” (Star, 2005, p. 407). The same applies for procedural knowledge,
as one may have superficial procedural knowledge or deep procedural knowledge. “Deep
procedural knowledge would be knowledge of the procedures that are associated with
comprehension, flexibility, and critical judgment that is distinct from knowledge of
concepts” (Star, 2005, p. 408). Separating the two types of knowledge, allows one to look
at procedural knowledge as potentially deep.
Baroody, Feil, and Johnson (2007) state that most mathematics education
researchers attempt to distinguish between knowledge type and quality by viewing
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procedural and conceptual knowledge as a continuum from sparsely to richly connected
knowledge. These researchers challenge Star and argue that although conceptual
knowledge is not necessary for a superficial procedural knowledge, it is unclear how
substantially deep comprehension of a procedure can exist without understanding the
conceptual basis for each of its steps. In theory, separating conceptual and procedural
knowledge makes sense, but psychologically speaking, the two cannot be separated. In
their view, “it makes psychological and pedagogical sense to view meaningful knowledge
of mathematical procedures and concepts as intricately and necessarily interrelated, not
as distinct categories of mathematics” (Baroody et al., 2007, p. 127).
The responses to the pedagogy survey provide additional evidence that
procedural and conceptual knowledge cannot be viewed in isolation of one another. A
teacher may choose to teach concepts using a procedure, but when the procedure is
taught for a deep understanding, the teacher relates the procedures to the concept, as
seen is Carol’s response. It should be noted that teaching procedures should not be
looked down upon, as procedures can be the most efficient way to solve an exercise,
however students who rely on procedures too heavily may lack an understanding of
mathematical concepts, and therefore cannot engage in the mathematical practices that
the CCSSM encourage. A list of these practices can be found in the following section.

Recommendations
Teacher educators should reflect on their courses and in some cases revamp their
curriculum to reflect the changes resulting from the CCSSM. Content courses and
methods courses provide an opportunity for teacher educators to change teacher
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candidates’ attitudes towards mathematics and turn them on to the subject. Classes
should be taught in the context of the Common Core State Standards for Mathematical
Practice.

With limited time and resources, it is unreasonable to think that teacher

preparation programs can teach all of the mathematics taught in elementary schools, but
the goal of teacher educators should be to advance independent, reflective learners that
can address new content and new pedagogies as they are presented, and make sense of
these new ideas on their own (Moss, Browning, Moss, Thanheiser & Watanabe, 2012).
Prospective teachers should develop the types of mathematical expertise described in the
Common Core State Standards for Mathematics Practice as they learn the mathematics
content that they soon will teach (CBMS, 2012). This includes persevering in solving
problems, the ability to reason abstractly and quantitatively, constructing arguments and
critiquing the reasoning of others, and recognizing patterns and making use of structure
in mathematics (NGA, 2010). In methods classes it would be worthwhile to look at the
standards and see the progressions of the domains from one grade to the next and give
teacher candidates a sense of the scope and sequence of elementary school mathematics.
Teacher educators should pay close attention when teaching students about fractions.
They may consider making it a requirement for students to create a unit plan dealing
with fractions to display their understanding of how they would teach various concepts
dealing with fractions, forcing teacher candidates to grapple and understand the
concepts themselves.
With the little consistency in the number of mathematics education courses that
pre‐service teachers are required to take, policy makers may consider establishing some
sort of standard in order to unify the quality of teacher education programs. The
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autonomous state of teacher preparation programs has led to the inconsistent
preparation among different programs, and as this study found, sometimes within a
program. Both the zero‐star and the four‐star institutions were two NCATE accredited
institutions, yet their teacher preparation in mathematics education was vastly different.
Accreditation agencies may consider standardized, stronger requirements to obtain
accreditation.
To build teachers’ confidence in their effectiveness in teaching mathematics,
teacher preparation programs should provide high quality field experiences for
prospective teachers, partnering them with model teachers that allow them the
opportunity to teach mathematics using the pedagogies that they are learning in their
coursework, bridging content and theory from their coursework to practical applications.
Cooperating teachers and prospective teachers should be given guidelines for field
experiences, including student teaching, that incorporate time spent observing, reflecting
on, and teaching mathematics. School districts should not assume that novice teachers
have adequate exposure to teaching mathematics. They should strongly consider
providing new teachers with professional development opportunities in mathematics to
support them in their teaching.
Teacher preparation programs may consider creating a development of
mathematical thinking course, if they have not already, so that teacher candidates have
the opportunity to learn how young children think about mathematics, in an effort to
enlighten them about the different misconceptions that students have and the abstract
concepts that may be simple to an adult but difficult for young children to grasp. If a
separate course is not possible, then perhaps it would be worthwhile to imbed this topic
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into methods coursework through readings and videos of young children learning
mathematics that students can access online.
Preparation programs may consider advertising professional development
opportunities for students for local conferences and organize transportation to these
events. Professors may also consider educating teacher candidates on professional
organizations like NCTM and encourage them to join and take advantage of their
discounted student rates.
Suggestions for Future Research
Future researchers should be aware of the limitations of this study. The largest of
these is the sample size. Since response rates from teacher preparation program were
rather low, only five teacher preparation programs were used in this study, and in most
cases the response rate in a given teacher preparation program was also low, resulting in
a limited amount of participants from each teacher preparation program. Some of the
participating elementary teacher preparation programs were rather small, with only a
few students in the major. In addition, a convenience sample had to be used to conduct
the interviews since the response rates were so low. This made it difficult to make
comparisons across different teacher preparation programs. One might consider
conducting a similar study but on a larger scale, recruiting larger elementary teacher
preparation programs and obtaining a larger sample from each, particularly for the
pedagogy surveys and interviews. It would be interesting to see how the responses are
categorized with a larger sample size. For example, do the majority of participants from
the four‐star institution always answer the questions conceptually? This was difficult to
ascertain with only four participants but with a larger sample it would be easier to see.
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Similarly in the interviews, the researcher was not able to interview a participant from
the zero‐star teacher preparation program. How would they describe their experience in
their teacher preparation program?

The pedagogy surveys could also be designed

differently and ask participants how they would solve a problem in multiple ways. This
would provide a second explanation and more evidence to determine whether
participants have a procedural or conceptual understanding of the mathematics they
teach. With more time and resources these questions could be answered with a similar
study.
A second limitation is that this study strictly focused on the required mathematics
coursework that prospective teachers and alternative route teachers had to take, it did
not look into additional mathematics education coursework that elementary teacher
preparation programs may or may not have. It was clear that as the ratings decreased
among the elementary teacher preparation programs, so did the required mathematics
coursework. This study, however, did not look into whether additional electives in
mathematics education were offered in these elementary teacher preparation programs.
One may be interested in studying the additional courses that are offered in various
ranked programs and incorporate research on course selection. For example, if additional
coursework is provided as electives, will students take advantage of these courses and
how does mathematics efficacy tie in to their decision?
The purpose of this study was to determine how well traditional elementary
preparation programs and alternative elementary certification programs are perceived
by aspiring teachers, to prepare them to teach mathematics to the standards required
today. The findings from this study can be categorized into three major areas: the lack of
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standardization among and within mathematics education coursework requirements in
elementary teacher preparation programs, a procedural approach to teaching
mathematics for the majority of pre‐service elementary teachers, and the incongruence
between participants’ perceived confidence in their ability to teach mathematics and
their actual approach to being teachers of mathematics. The findings of this study are
consistent with the current research in these areas.
Since the requirements for teacher education programs vary state to state, the
required coursework in mathematics education also varies from one teacher education
program to the next (National Council of Teacher Quality, 2008; Kilpatrick, 2001; Center
for Research in Mathematics and Science Education, 2010).

Although there is little

agreement in the amount of mathematics education coursework necessary to prepare
elementary teachers, the CBMS recommends 12 semester hours of preparation in the
mathematics taught at the elementary level.

In this study, the minimum amount of

content coursework in undergraduate teacher preparation programs ranged from three
to six credit hours. The same was found for methods coursework. Although accreditation
agencies exist to hold programs accountable, this study found that there was a wide
variation in the amount of required mathematics education coursework in two
accredited institutions participating in this study (two content and two methods versus
one content and one method course), neither one following the recommendations of the
CBMS.
Numerous studies have found that elementary teachers have a procedural
understanding of many mathematics topics taught at the elementary level (Licwinko,
2014; Ma, 1999; Ball 1989). Therefore it is important to build prospective teachers’ MKT
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through a carefully structured methods course, one that reflects the CCSSM and the
standards for mathematical practice.

With the exception of the alternative route

certification program, all participating preparation programs had at least one methods
course during their course of study, yet the majority of participants still used procedural
methods to teach concepts of fractions and subtraction.
High quality field experiences should also be imbedded into teacher preparation
programs (CBMS, 2012; Perry, 2011; Science and Mathematics Teacher Imperative/The
Leadership Collaborative Working Group (SMTI/TLC), 2011). Field experiences have
been found to improve mathematics teaching outcome efficacy beliefs by giving
prospective teachers an opportunity to realize their competencies and develop
perceptions on how effective their teaching of mathematics is for their students
(Charlambos et al., 2008). This study found a discrepancy between teachers’ perceived
and exhibited competencies in being teachers of mathematics. Field experiences help
teachers develop a sense of their competency and can minimize this inconsistency.
The quality of teacher preparation programs has been in the spotlight in recent
years, especially with the changing standards in classrooms of today. It is clear that
preparation programs have to evolve with the changing times, so that novice elementary
teachers are ready to cope with the new demands of mathematical knowledge required
at the current time. The findings from this study highlight the need for: standardization
in mathematics education within and across elementary teacher preparation programs,
revamping of content and methods courses to reflect the changes of the CCSSM, and high
quality field experiences that allow students to spend more time teaching mathematics.
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Mathematics Pedagogy Survey
This is NOT a test. These are typical mathematics questions that people struggle with. I am interested in
your thoughts about how best to teach these topics to students. Please answer each question to the best of
your knowledge. You may use drawings in your explanations. 
1.) A student makes the following mistake: 734 – 481 = 353. How do you respond?

2) Imagine you are introducing addition with regrouping to your students, how would you
show students why 27 + 95 = 122?

3.) Create a story problem to illustrate that 4¼ ÷ ½ = 8 ½ .

4.) How would you explain why when you divide by a fraction you multiply by the reciprocal of the
fraction? You can use the following division exercise to assist you in your explanation.
3÷ ଵ = 12
ସ

5.) When introducing students how to rename mixed numbers into improper fractions, how would you
teach a child to rename 2 ¾ into an improper fraction
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6.) A student does not understand why when you subtract a negative number, the number from which
you are subtracting increases. For example: 7- (-2) = 9. How would you show or explain to a student
why this is true?

7) Imagine that you are working with your class
on multiplying two, two digit numbers. Your students’
solutions are displayed to the right. Which of these student’s
method can be used to multiply any two whole numbers?
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APPENDIX C
EMAIL TO SUPERVISORS OF ELEMENTARY PRE‐SERVICE /IN‐SERVICE TEACHERS
Dear

,

I am writing to ask for your help in conducting a research study at your
institution. I am currently enrolled in the Mathematics Education Ph.D. program at
Teachers College, Columbia University and am in the process of writing my
dissertation. The study is entitled Keeping up with the times: how are teacher
preparation programs preparing aspiring elementary teachers to teach mathematics
under the new standards of today? The purpose of this study is to determine how well
traditional elementary preparation programs and alternative elementary certification
programs are perceived by aspiring teachers, to prepare them to teach mathematics to
the level of rigor required today.
I hope that you can help me by recruiting participants from your elementary
student teaching cohort to anonymously complete a 5‐page questionnaire. Interested
students, who volunteer to participate, will be given an electronic consent form to be
signed and returned to the primary researcher at the beginning of the survey process.
Participants will also be given a link for an online survey that they will complete at
their own convenience. The survey process should take no longer than thirty
minutes. Students that participate will be compensated with a five‐dollar I‐tunes gift
card. The survey results will be pooled for the study and individual results of this study
will remain absolutely confidential and at no time will your institution be identified in
this study. Based on survey responses, some participants may be contacted to complete a
follow up interview.
Your approval to conduct this study will be greatly appreciated. I am happy to answer
any questions or concerns that you have. You may contact me at my email address:
ssudarsanan@gmail.com
If you agree, please reply and I will follow up with a formal institution approval
document that you can sign and email back to me at your earliest convenience. Thank
you for your time.
Sincerely,
Shalini Sudarsanan
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APPENDIX D
EMAIL TO PARTICIPANTS
To Whom It May Concern,
I am writing to ask for your help in my dissertation research study entitled
Keeping up with the times: how are teacher preparation programs preparing aspiring
elementary teachers to teach mathematics under the new standards of today? . The
purpose of this study is to determine how well traditional elementary preparation
programs and alternative elementary certification programs are perceived by aspiring
teachers, to prepare them to teach mathematics to the new standards of today.
I hope that you can help me by completing a 5‐page questionnaire about your
mathematics preparation, views of your own teaching of mathematics, and your
approaches to teaching certain elementary mathematics concepts. If you volunteer to
participate, you will be given an electronic consent form to be signed and returned to the
primary researcher at the beginning of the survey process.
You will also be given a link for an online survey that you can complete at your
own convenience. The survey process should take no longer than thirty
minutes. Students that participate may choose to be compensated with either a five‐
dollar I‐tunes gift card or an amazon gift card. The survey results will be pooled for the
study and individual results of this study will remain absolutely confidential and at no
time will you or your institution be identified in this study. Based on survey responses,
some participants may be contacted to complete a follow up interview.
Your participation in this study will be greatly appreciated. I am happy to answer any
questions or concerns that you have. You may contact me at my email address:
ssudarsanan@gmail.com
If you agree, please reply and I will follow up an electronic consent form followed by the
survey link. Thank you so much for your time.
Sincerely,
Shalini Sudarsanan
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APPENDIX E
PMTE FREQUENCIES OF PARTICIPANTS
n=25

Strongly
Agree

Question 2
I continually find better ways to teach
mathematics.
Question 3
Even if I try very hard, I do not teach
mathematics as well as I teach most
subjects.
Question 5
I know how to teach mathematics
concepts effectively.
Question 6
I am not very effective in monitoring
mathematics activities.
Question 8
I generally teach mathematics concepts
ineffectively.
Question 11
I understand mathematics concepts
well enough to be effective in teaching
elementary mathematics.
Question 15
I find it difficult to use manipulatives to
explain to students why mathematics
works.
Question 16
I typically am able to answer students’
questions about mathematics.
Question 17
I think I do not have the necessary
skills to teach mathematics.
Question 18
Given a choice, I would not want my
principal to evaluate my mathematics
teaching.
Question 19
When a student has difficulty
understanding a mathematics concept,
I am usually at a loss as to how to help
the student understand it better.
Question 20
When teaching mathematics, I usually
welcome students’ questions.
Question 21
I do not know what to do to turn
students on to mathematics.
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APPENDIX F
PMTOE FREQUENCIES OF PARTICIPANTS
n=25

Strongly
Agree

Question 1
When a student does better than usual
in mathematics it is often because the
teacher exerted a little extra effort.
Question 4
When the mathematics grades of
students improve, it is often due to their
teacher having found a more effective
teaching approach.
Question 7
If students are underachieving in
mathematics, it is most likely due to
ineffective mathematics teaching.
Question 9
The inadequacy of a student’s
mathematics background can be
overcome by good teaching.
Question 10
When a low‐achieving child progresses
in mathematics, it is usually due to
extra attention given by the teacher.
Question 12
The teacher is generally responsible for
the achievement of students in
mathematics.
Question 13
Students’ achievement in mathematics
is directly related to their teacher’s
effectiveness in mathematics teaching.
Question 14
If parents comment that their child is
showing more interest in mathematics
at school, it is probably due to the
performance of their child’s teacher.
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APPENDIX G
RESPONSES TO PEDAGOGY SURVEY QUESTION 1
Question 1: A student makes the following mistake: 734-481 = 353. How do you respond?
Procedural

Conceptual

I would tell this student that when carrying
from any place value, to cross out that number
and subtract a ten from the number. So for
example, if I was to borrow a group of ten from
the 7, I would cross it out and put a 6 because I
borrowed it. (Kathy)
I would show the student that we can borrow
from the 7 to make it a 6 and make the 3 a 13,
and then we can take 8 away from 13. (Jackie)

Lets look in the tens place. If I have 3 tens can I take 8 tens
away from that? (Nancy)

When you borrowed from the 7 in the hundreds
place, that reduces the 7 to a six. Take a look at
the problem again and see what you can
change. (Natalia)
Practice borrowing and give them graph paper
(Maddy)

Remind the student what borrowing means…manipulatives
such as base 10 blocks can be used to reinforce the concept.
(Laura)
“…Use manipulatives if necessary… hold up three fingers and
say is it possible to take 8 away from 3?”… We can
borrow!!...We know 1 hundred is the same as ten tens, instead
of 7 hundreds, I now have 6. An instead of 3 tens, I have 13
tens. Now we can do 13-8...” (Carol)
I would have the student draw out a picture and start at the
ones and cross off the numbers. At the tens, the student would
have to regroup a 100 to be able to cross off 8 tens. (Abby)

You are subtracting the lower number from the
higher number for each of your number places
when this isn’t the case for all. (Clarissa)

I would then sit with them with base-10 blocks and work with
them on exchanging tens and hundreds to make the problem
able to solve. (Bethany)

They forget to regroup and borrow, I would
suggest that the student tries a different
subtraction strategy. (Christy)

I would use a place value mat to demonstrate the need to
borrow from the hundreds. When a student moves one hundred
to the tens it will be easier for them to visualize that they have
6-4 instead of 7-4. (Brittany)

Remember when you borrow a set of ten from a
higher place value, cross the number out and
write one number less above it. Now borrow
from the written number. (Lindsay)

Solve problem myself using multiple strategies, in order to
discover likely mistakes and misconceptions that may
arise…look at student’s work to see if this provides clues to
method…remediate based on the error diagnosed. (Aaron)

Be careful while borrowing. Check your
answer. (Lauren)

I look at the number pattern to figure out the logic of the
mistake, it appears the student chose to use partial sums, but
may need more help using base-10 blocks to illustrate what
happens to groups of ten when you need more ones than you
were given in order to compute the problem. (Samantha)

I would explain that when I made the “3” into a
“13” , I must take away “one” from the left.
(Teresa)
I would ensure that the students is lining up the
correct place values and regroup properly.
(Lily)
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The student subtracted 4 from 7, resulting in
three hundreds in the answer, I would discuss
this with the student. (Seana)
I would ask them to look at their work again
and say is 6-4 = 3? I would expect them to
quickly notice their own error and change the 3
to a 2. (Jessica)
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APPENDIX H
RESPONSES TO PEDAGOGY SURVEY QUESTION 2
Question 2: Imagine you are introducing addition with regrouping to your students, how
would you show students why
27 + 95 = 122?
Procedural

Conceptual

Alternate

… I would explain that we can only .…Because 7+5=12, you bring the
I am not sure what regrouping is…I
put one number at a time under the
2 down and carry the group of ten
would minus 5 from 27 to get 22
line until we are finished or run out
over to the tens column…A great
and add the 5 to 95 to make it
100…Then I would add… (Natalia)
of numbers, therefore we can only
way to show this is by using
put the 2. I would then put the 1 on
manipulatives, especially base ten
top of the 2… (Jackie)
blocks. (Kathy)
One way to do this problem would be
I would first show them that they
.…I am writing the problem
to round the numbers to 100 + 30
need to look in their ones column
vertically onto the board. I would
and get an answer of 130 then
mention that we know it is 12 but we first and do 7+5…and ask if we
subtract 5 + 3 which is 8 to get
can put 12 in our ones column. I
can’t just write 12 underneath
122…Depending on the students
because 2 + 9 is not 1. When we add would then explain how you need
to carry the 1 from 12, because
each one will have his/her own
# together that have multiple digits
that is your tens, to the tens
technique let them pick which one
we have to be prepared to carry one
column… (Nancy)
works out best for them. In math it
of the digits over to the left. We can
is all about what makes a student
write down the 2 underneath the 7
more comfortable, not what is most
and the 5, but we have to carry the
efficient. (Maddy)
one and add it after we calculate the
#’s in the tens place. (Jessica)
… I would then work with partial
… I would explain to the students
I would start by rewriting the
that 7 + 5 = 12, but since the ones sums and break down the numbers
problem vertically. Next I will
spot cannot hold 12, we write the 2 to make them “easier” to solve. 27
explain how to regroup by carrying
+ 95 = 122, 20 + 90 = 110, 7 + 5 =
(for 2 ones) and carry the 1 over
the (1) to the tens place and then
12, 110 + 12 = 122. (Christy)
into the tens spot to represent our
add the three numbers together to
one set of ten. Then I would show
get the final answer. (Lily)
students to add 1 + 2 + 9 = 12. I
would repeat this and show
students to write the 2 down again
and carry the one into the
hundreds spot. Then add again.
(Seana)
Explain the concept of place value
I would explain to students that the
order does not matter in addition, to and what each digit stands
be able to get the answer you can
for…Use base 10 blocks or
regroup. (Teresa)
another manipulative to show why
we need to regroup into groups of
10 and how. (Laura)
When regrouping circle your extra I would get out base-10 blocks and
number so you don’t forget its there set out 2 longs and 7 cubes. Then
add 9 longs and 5 cubes…
to add. (Lauren)
(Samantha)
… 27 = 2 tens and 7 ones; 95 = 9
tens and 5 ones… (Aaron)
Use manipulatives or drawings
while reinforcing place value.
Draw out 2 tens and 7 ones, then
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draw out 9 tens and 5 ones. Circle
10 of the ones and show how it can
be combined into a ten… (Carol)
I would use base ten blocks to show
that the ones are more than ten by
lining up with a tens stick. Then
trade he ones out. (Abby)
I would use base-10 blocks to work
it out…if that is not really working
I would use expanded form to help
them see each step a little clearer.
(Bethany)
A place value mat with
manipulatives would visually
demonstrate this to students.
Unifix cubes can be exchanged for
rods, straws can be bundled with
bands… (Brittany)
Make groups of ten. Emphasize
base ten. (Lindsay)
You need to add the ones place
together to get 12 ones. You need
to add the tens place together to
get 11. You will then need to move
the ten from the ones place to the
tens place to get 12 and then you
have 2 ones left. 12 tens and 2
ones gives you 122. (Clarissa)
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RESPONSES TO PEDAGOGY SURVEY QUESTION 3
Question 3: Create a story problem to illustrate that 4 ¼ ÷ ½ = 8 ½ .
Correct Story Problem

Incorrect Story Problem

Alternate Responses

If mom has 4 ¼ cups of milk and wants to divide it in 4.25/4.5 does not equal 8.5
(Kathy)
half so you and her have equal parts, how much
would each of you have? (Jackie)

Dan has 4 ¼ pounds of pizza
dough. He knows that it
takes ½ pound of dough to
make one pizza. How many
pizzas can Dan make?
(Aaron)
I want to make 4 ¼ recipes
of salsa. Each recipe calls
for ½ a cup of tomatoes.
How many recipes can I
make? (Abby)

You and a friend have 4 pies, each cut into 4 pieces.
You and your friend want to divide the pieces equally
so you each get the same amount. How many pieces
would you and your friend each get? (Laura)

Did not answer
(Nancy)
(Christy)
(Lindsay)

Mike had 4 ¼ pizzas which all needed to be divided
into halves. After dividing each pizza in half, how
many pieces of pizza would Mike have? (Natalia)

Ms. Sweetzer wants to bake
cakes for her son’s birthday
party. She has 4 ¼ pounds
of sugar at home and wants
to know how many cakes
she can bake. (Carol)
Not sure how to create a
story problem without
making the operation be
multiplying (multiply by the
reciprocal) rather than
dividing. (Jessica)

Every cupcake needs ½ cup
of sugar. You have 4 and ¼
cups of sugar. How many
cupcakes can you make?
(Bethany)

I would say that Sarah has 5 pies. Each pie has 4
slices total. Her friend Amanda comes and eats 3
pieces of pie. What fraction of pies is left? The
student would say 4 ¼ then I would say that Mike
wants to split the pies EVENLY between himself and
Sarah. How many pieces of pie would each of them
get if they split them in half EVENLY? The student
would then answer 8 ½ pieces of pie. (Samantha)
Mary has 4 ¼ yards of
I would use cooking and food to explain with actual
material. If each apron takes measuring cups. If John and Sue are trying to make
cookies how can they share the ingredients if each
½ yard of material, how
many aprons can she make? one wants to help make the cookies. They must divide
(Clarissa)
the ingredients to equal 8.5. Use multiplication and
division to arrive at a solution to this problem.
(Maddy)
Baking recipe for muffins. 4 ½ cups of sugar. Each
Sam is making big carved
gingerbreads. Each
requires ½ cup of sugar. How many cups will allow
gingerbread requires ½ foot the recipe to bake 4 muffins? (Lauren)
of dough. Sam has 4 ¼ feet
of dough. How many
gingebreads can Sam make?
(Teresa)
Mary and Alice are making
muffins. Each muffin tin
needs ½ cup of batter. They
have 4 ¼ cups of batter in
total. How many muffin tins
can they fill? (Lily)
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I know how to solve this
one but do not know how to
go about making a story
problem that explains what
needs to be done. (Brittany)

RESPONSES TO PEDAGOGY SURVEY QUESTION 4
Question 4: How would you explain why when you divide by a fraction you multiply by
the reciprocal of the fraction? You can use the following division exercise to assist you in
your explanation.
3 ÷ ¼ = 12.
Procedural / Incorrect

Conceptual

Did Not
Answer

When you are dividing, you are cutting
something into equal shares. (Teresa)

You can use a tape diagram to show how 3 ÷ ¼
= 12…” (Lily)

Lindsay
Christy

(participant drew a proper tape diagram
demonstrating three wholes, with four parts
in each whole)
Divide 3 into ¼ (Lauren)

I would teach kids that to make dividing
fractions easier, you just multiply by the
reciprocal (the opposite of ¼). (Jessica)
Division is the process of splitting into equal
groups. A/B = C is “A (total amount) split into B
(number of equal groups) = C (amount in each
group). 12/3 = 4 is 12 (total) with 3 in each
group = 4 equal groups. However, if B is a
fraction less than 1 (i.e. ¼) then we are
“splitting up” the total quantity into groups less
than 1 (groups of ¼ = 4 groups per 1 unit),
hence we will have more than B groups. (Aaron)

If we are dividing fractions and we set those
fractions up in a fraction such as 3/1 / ¼ then
how would we get rid of the bottom fraction? We
would multiply it by the reciprocal 4/1, and then
because we multiplied the bottom by 4/1, we
must also multiply the top by 4/1. So now we
have 3/1 x 4/1 = 12. (Clarissa)
“I would start by drawing 3 rectangles. I would
then say you want to divide the into fourths
while splitting the 3 rectangles into 4 equal
pieces. I would then say well look at that do we
have more pieces or less pieces than we started?
I would then saw because we are dividing them
into smaller pieces we have more to share with
everyone else. (Bethany)
“Using a picture, 3 rectangles. Divide each into
four pieces to represent fourths. This could also
be seen as an area model which is how
multiplication is often taught now. (Abby)
If I have 3 pies and each pie is divided into ¼,
each pie would yield 4 pieces. Three pies would
yield 12 pieces total. We can solve this by
multiplying 3 by 4, the reciprocal of ¼. When we
divided the three pies by ¼, we could multiply by
the reciprocal 4, because we are actually
counting the number of fractions (1/4 pieces of
pie) that make up the original number (3 pies).
(Carol)
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I would explain the flip it and multiply method
by putting a one under the three and flipping the
four on top of the one to then see four times
three… (Maddy)

If you had 3 cookies and wanted to break them
into fourths, you would end up with 12 pieces.
(Laura)

I would say because the opposite of dividing is
multiplication. (Samantha)

Take 3 candy bars and break them into 4 pieces
each. 3 wholes divided into fourths: 4/4 (1) +
4/4 (1) + 4/4 (1) = 3 x 4 = 12. How many ¼ do
you have? (Brittany)

I would teach the students to remember the
phrase “Change the sign flip the second fraction
and multiply!” I would then show the students to
change the sign to a multiplication sign, change
the second fraction to 4/1 or 4, then multiply
straight across. (Seana)
I would explain to students that any whole
number always has a 1 under it. We don’t write
whole numbers that way, though. When you need
to find the answer to a division problem
involving fractions, you need to multiply. The
opposite of dividing is multiplying. Therefore,
the opposite of ¼ is 4/1. Then you multiply the
numerator and denominator. (Jackie)
I would say to my students, “When we have 3
divided by ¼ we would first change our whole
number to a fraction, like 3/1 or 9/3. Then since
we will be dividing fractions we need to find the
reciprocal of the second fraction. The reciprocal
would be 4/1, you basically flip your fraction
around. Next we multiply our fractions, so we
would have 3/1 times 4/1 which gives us…12/1
or 12! (Nancy)
When you divide by a fraction you multiply by
the reciprocal because dividing is he opposite of
multiplying and you have to flip the fraction.
For example, 3 divided by ¼ is the same is 3
times the opposite of ¼ which is 4. Therefore, 3
divided by ¼ is the same as 3 x 4 = 12. (Kathy)
When dividing you multiply the number by the
inverse of the fraction. Believe it of not, when
you divide whole numbers you do the same
thing. For instance 4 divided by 2 can be seen as
4/2, which is essentially the same as 3(1/4).
(Natalia)
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APPENDIX K
RESPONSES TO PEDAOGOGY SURVEY QUESTION 5
Question 5: When introducing students how to rename mixed numbers into improper
fractions, how would you teach a child to rename 2 ¾ into an improper fraction?
Procedural

Conceptual

Did Not
Answer

Nancy
4/4 =1 Demonstrate with a pizza cut into 4
pieces. Name the piece size ¼ or 1 of 4 pieces. 2 Lindsay
pizzas cut into 4 pieces = 8/4. The third pizza is
also cut into fourths but one piece is missing
leaving 3 pieces. Now count up the total number
of pieces 11 also named 11 fourths or written
11/4. This is a visual way to demonstrate why
the following math works. So now 1 pizza x 4
pieces = 4, so 2 pizzas = 8. Whole number times
the denominator. However, we still have the 3
pieces of the third. (Brittany)
Multiply the 4 (the denominator), and the 2
I would start by drawing out 3 rectangles saying
(the whole number). To this product, add the 3 that we don’t have quite all of the 3rd one I
(the numerator) giving 11, to form the new
would then ask them how I could draw the last
numerator, and use the 4 as the new
rectangle to show that we only have ¾ of it.
denominator. So, 2 ¾ as an improper fraction
Once we have partitioned the third rectangle
is 11/4. (Clarissa)
into ¼ I would shade in 3 of them. Then shade in
the other rectangles. We would then split those
rectangles in to ¼ as well. After that I would ask
how many pieces do we have shaded now.
(Bethany)
2 ¾ = 2x4 + 3 = 8 + 3 = 11/4. (Lauren)
I would draw out two rectangles undivided and
a third showing the ¾, I would then show how
the wholes need to be divided into four pieces.
We can then count the number of pieces in total.
(Abby)
I would tell the student to first times the “4”
Participant drew a circle diagram with two
and the “2”, then add the “3”. When you get “11”, circles, with four parts in each whole, and
another circle with 3 out of 4 four parts and
you must put it over the 4. (Teresa)
wrote 11/4. (Lily)
Step 1: Multiply the denominator by the whole Use manipulatives to break “2” into 8 quarters
number on the left. Step 2: Add the numerator (4 quarters each). Count all quarter pieces (11)
number to answer you got in Step 1. Step 3:
and show that 2 ¾ is equal to 11/4. (Carol)
Place the final answer on top of the original
denominator. You should be left with a larger
number on top of the original denominator.
(Jessica)
I would tell the students to write the problem
I’d start with a concrete (or, if difficult to
down first and then take four times two and get obtain/create), pictorial representation of 2 ¾,
eight. Then I would have them add three onto
emphasizing that 1 = 4/4 and 2 = 8/4. For
eight and get eleven which then would go on
example, I would show that 2 = 8/4 by drawing

The only way I remember is multiplying the
whole number by the denominator and then
adding the numerator to it. (2x4) + 3 = 11 and
then place the denominator back on the bottom
= 11/4. (Christy)
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top of 4 to have eleven fourths. I would not only
write the steps out so that everyone could copy
them into their notes, I would then practice this
technique many times, until the class
understood what to do. (Maddy)

two circles or squares, divided into 4 equal
pieces, with all pieces shaded. Teaching kids how
to create pictorial representations of mixed
numbers would allow them a starting doing for
this type of problem, and it would allow them to
check their work when they attempted to use
other strategies. (Aaron)

I would tell the students to multiply the
denominator by the whole number and then
add the numerator. (Samantha)
You multiply 2 times the denominator, which is
4 and get 8, then you add 8 to the numerator to
get 11, 8 + 3 = 11. Therefore the new fraction is
11/4. (Natalia)
I would teach them to multiply the
denominator and the whole number and then
add the numerator. Then look at the answer
and show why it is the same as the mixed
fraction. (Laura)
I would show students that the whole number
is multiplied by the denominator and the then
the numerator is added. This is the new
numerator and the denominator remains the
same. (Seana)
I would tell students that you take the
denominator in the fraction and multiply it by
the whole number. You add the numerator to
the answer you had before. You take that
answer and put it over the denominator in the
original number. (Jackie)
First of all, an improper fraction is a fraction
when the numerator is greater than the
denominator. I would tell students that to make
an improper fraction with 2 ¾ you first
multiply the denominator and the whole
number (4x2) which is 8. Add the numerator
(3) and you get 11/4, the denominator stays the
same. To turn it back into a mixed number you
would divide. You would do 11/4 which is 2
¾. (Kathy)
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APPENDIX L
RESPONSES TO PEDAGOGY SURVEY QUESTION 6
Question 7: A student does not understand why when you subtract a negative number,
the number from which you are subtracting increases.
For example: 7 – (‐2) = 9.
How would you show or explain to a student why this is true?
Conceptual Response
When subtracting with
negative numbers on a
number line, the subtraction
sign means to go in the
opposite direction of the
directed distance that
follows. Thus, to find +7‐ (‐
2) , start at +7, then do the
opposite of (‐2) – that is, go
2 units to the right ending
at +9. (Clarissa)
You are taking a number
from the other side of zero
which changes the rules of
subtraction. A negative will
make a larger answer in
subtraction because of the
placement on the number
line. (Abby)
Use a number line to show
direction of subtraction
when combined with
negative numbers. (Carol)

Procedural Response
I would do the tweak method of
trying to explain and show the
students that when you have
two marks in that position just
cross them both into plus signs
to see that this problem becomes
an addition problem, not a
subtraction. I would also get out
a number line and show this
problem, with the help of a
calculator to prove my point as
one other example. (Maddy)
I would show the student that
when you have 2 negatives in a
row like this, they come together
and form a positive, or a plus.
You can then add the two
numbers. (Seana)
The minus of a minus is a plus
rule” (Lily)
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Mathematically Incorrect
Response/Did Not Answer
question
I would teach them the slogan, “A
negative minus a negative equals a
positive. (Jessica)

Participant drew a diagram of a
balloon and wrote‐ “weight‐take
away weight‐balloon goes
up…positive. (Lauren)

I would tell the student to look at it
this way: So imagine we bought 5
good players ( +5) , sold 2 good
players (+2), bought 3 bad players (‐
3) and sold 7 bad players (‐7). In this
problem, good players would be
positive because it would help the
team out while bad players would be
negative. We can write the following
calculation to find out the overall
effect: + (+5) – (+2)+ (‐3) – (‐7).
Buying (+5) and selling (subtract)
(+2) buying 3 bad (adding ‐3) and
selling 7 bad (subtracting (‐7) equals
7. (Kathy)

Number line (Aaron)

Whenever you get a (‐) (‐) you add
up because two negatives will always
equal a positive. (Teresa)
‐(‐2) is actually positive because
two negatives cancel each other out.
(Natalia)

I would use a number line
and physically show the
child the moves being
illustrated in the problem.
(Samantha)
Show the students a number
line and explain how the
negative sign changes the
direction of the hops.
(Laura)

Did not answer:
(Brittany)
(Lindsay)
(Christy)
(Bethany)
(Nancy)

I would write the problem
the way it is , but I would
show the student that when
you subtract a negative
number, you are actually
adding a positive number.
Hence, minus a negative is
plus a positive. Turn the
minus symbols into plus
symbols. (Jackie)

150

APPENDIX M
RESPONSES TO PEDAGOGY SURVEY QUESTION 7
7. Imagine that you are working with your class on multiplying two, two digit numbers.
Your students’ solutions are displayed to the right. Which of these student’s method can
be used to multiply any two whole numbers?

Selected All Three
Methods as Correct

Selected Two
Methods as Correct

Selected One
Method as Correct

Did Not Answer

Brittany
Carol
Aaron
Lauren
Lily

Clarissa
Bethany
Abby
Maddy
Laura
Jackie
Kathy

Christy
Jessica
Samantha
Sierra
Natalia
Nancy
Teresa

Lindsay
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