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ABSTRACT 

 

 In an attempt to examine my practice of providing conceptually-based professional 

development on fractions to fifth grade teachers, I conducted a series of four one hour 

professional development workshops.  I focused on the conceptual understanding of ordering, 

adding, and subtracting fractions.  I examined the solution process that teachers used to solve 

fraction problems and their abilities to explain and justify their solutions in an attempt to 

interpret their understanding.  My data showed the effects of this workshop series.  The study 

helped determine the effects of conceptually-based professional development on fractions as 

demonstrated in the teachers' discussions, participation, and written explanations.    
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CHAPTER 1:  INTRODUCTION 

Rationale 

 According to Foundations for Success: The Final Report of the National Mathematics 

Advisory Panel, proficiency with fractions is a major goal for K-8 mathematics education 

(National Mathematics Advisory Panel, 2008).  The problem arises however in that teachers are 

not proficient with fractions themselves (Fuller, 1996; Lester, 1984; Ma, 1999, Tirosh, Fischbein, 

Graeber, & Wilson, 1998).  Providing professional development for K-8 teachers, specifically in 

fraction concepts, is therefore important and necessary. 

 I am currently the Mathematics Coach at a public elementary school located in a low 

socioeconomic sector of a large urban school district in the southeast United States.  This study 

was conducted at that school.  As a Mathematics Coach, it is my duty to assist in improving the 

mathematical practices of the teachers at the school through modeling, co-teaching, mentoring, 

and providing professional development.  

 Throughout my own journey of professional development, I have experienced the 

importance of constructing conceptual understanding of mathematical ideas and have improved 

my own teaching practice. After four years of university study and three years in the classroom, I 

was enrolled in a mathematics course in graduate school. This class became the most challenging 

and also the most rewarding of my academic career. This class was structured to take us back to 

the very basics of arithmetic. Its focus was to solve those basic problems with an emphasis on 

conceptual understanding and being able to provide an explanation and justification for the 

answer and not just the solution itself. As children, we were all asked to solve problems such as: 

Which is greater 1/6 or 1/8. We were taught a procedure of how to solve the problem but maybe 

not taught the explanation and justification behind the procedure.  
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 In this class we used the example of drawing two pizzas. One was cut into six slices the 

other into eight. The next step was to do a visual comparison of the two and show that the slice 

of the pizza cut into six pieces was larger than the one from the pizza cut into eight pieces. This 

can allow the solution to the problem to be viewed in a context rather than in purely abstract 

terms. The ability to help students visualize the solution can increase their ability to understand 

the problem and to find the proper solution. 

Purpose 

 Recent reform documents continue to call for instruction that emphasizes mathematical 

inquiry and conceptual understanding (National Council of Teachers of Mathematics, 2006; 

National Mathematics Advisory Panel, 2008).  Research indicates however that teachers’ have a 

lack of conceptual understanding in mathematics (Brover, Deagan, & Farina, 2001; Cohen & 

Hill, 2000; Cooney, 1994; Fuller, 1996; Koency & Swanson, 2000; Ma, 1999; Weissglass, 

1994).  Among many questions that Ma asked 23 United Sates elementary school teachers in her 

widely cited research study, she asked them to solve 1 3/4 divided by 1/2.  Out of the 23 

teachers, only 21 attempted to solve the problem and only nine completed the problem and 

reached the correct answer.  This study illustrates the lack of conceptual understanding among 

these teachers.  A lack of conceptual understanding prohibits teachers from providing instruction 

that focus on conceptual understanding for their students.  After all, one cannot teach students to 

develop a deep understanding of mathematics if they do not fully understand the concepts 

themselves (Ma, 1999; Stoddart, Connell, Stofflett, & Peck, 1993; Wheeldon, 2008). This 

deficiency can be overcome with the implementation of professional development focused on 

content. 
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 The purpose of this action research project was to determine the effects of my 

professional development practice on elementary school teachers’ conceptual understanding of 

fractions.  Teachers’ mathematical knowledge has been linked to students’ achievement, thus, 

the importance of teachers’ content knowledge cannot be understated (Darling-Hammond, Wei, 

Andree, Richardson, & Orphanos, 2009; Hill, Rowan, & Ball, 2005; National Mathematics 

Advisory Panel, 2008).  This thesis documents my efforts to instruct teachers who voluntarily 

attended my workshop series. My goal was to further develop their conceptual understanding of 

ordering, adding, and subtracting fractions. 

Research Question 

 How does my practice of providing conceptually-based professional development related 

to fractions affect teachers’ abilities to explain and justify procedures related to ordering, adding, 

and subtracting fractions? 

Significance 

 The United States of America continues to be outperformed in mathematics compared to 

other nations (Koency & Swanson, 2000).  This was made apparent in the 1999 Video Study 

conducted by the Third International Mathematics and Science Study (TIMSS).  This study 

revealed that students in the United States are not learning mathematics as deeply as in other 

nations (Hiebert, 2003).  Schmidt, Houang, and Cogan (2002) attribute this deficiency to the fact 

that teachers in the United States teach a curriculum that is “a mile wide and an inch deep,” (p. 3) 

covering many mathematical concepts but none of them in depth.  Sigford (2006) suggests 

teaching a curriculum that is “a mile deep and an inch wide,” (p. 88) covering fewer 

mathematical concepts but teaching more in depth. 
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 This study is relevant because there are teachers both locally and nationally who are 

inadequately prepared to teach mathematics.  One reason for this is that teachers do not have 

enough mathematical background to engage students in meaningful mathematical discourse 

(Cohen & Hill, 2000; Koency & Swanson, 2000).  Meaningful mathematical discourse includes 

establishing social norms like the ability to explain and justify solutions, make sense of 

explanations given by others, and ask clarifying questions when confused (Yackel & Cobb, 

1996).  The recommendation is that teachers need to know the mathematical content they teach 

in greater detail and at a more advanced level as well as knowing the content both prior to and 

beyond what they teach (National Mathematics Advisory Panel, 2008; Saxe, Gearhart, & Nasir, 

2001).   

 Teachers’ mathematical content knowledge has been linked to students’ achievement thus 

emphasizing the importance of teachers’ content knowledge (Darling-Hammond et al., 2009; 

Hill, Rowan, & Ball, 2005; National Mathematics Advisory Panel, 2008).  Teachers who possess 

conceptual understanding of fundamental mathematics are able to provide more rigorous 

instruction for their students which lead to higher student achievement in mathematics (Koency 

& Swanson, 2000).  The benefits to students who are taught to develop conceptual understanding 

include proficiency of problem solving, abstract reasoning, the ability to generalize knowledge to 

new situations, and the ability to make connections to related information (Sigler & Saam, 2006). 

 One way to help teachers who lack conceptual knowledge is to provide continuing 

professional development focused on improving content knowledge of mathematics (Brover et 

al., 2001; Cohen & Hill, 2000; Kennedy, 1999; Koency & Swanson, 2000; Mistretta, 2005; 

Schmidt et al., 2002).  Research suggests that teachers should participate in ongoing professional 

development focusing on the content that their students are to learn, how they are to teach the 
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content, and how students are to learn it (Cohen & Hill, 2000; Kennedy, 1999).  In order to be 

effective however, teachers should not be mandated to attend professional development, it should 

be their choice (Castle & Aichele, 1994).   

Conclusion 

 I was interested in studying my practice of providing conceptually-based professional 

development to the fifth grade teachers at my school.  I wanted to provide the most effective 

form of professional development given the circumstances.  I would provide teachers with an 

opportunity to develop conceptual understanding and they would gain the content knowledge 

needed to teach their students conceptual understanding. 

 The review of literature examines students’ and teachers’ conceptual understanding of 

fractions, strategies that promote conceptual understanding, and the most effective characteristics 

of professional development that can prepare teachers to instruct their students.  The review of 

literature provided a framework for the methods I used in planning my professional development 

for this study, which are presented in chapter three.  The data from my research are presented in 

chapter four and discussed along with my conclusions and recommendations in chapter five. 
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CHAPTER 2: LITERATURE REVIEW 

Introduction 

 The knowledge and understanding of mathematics that a teacher brings to the classroom 

plays an important role in the successes and failures of their students (National Mathematics 

Advisory Panel, 2008).  Knowing this, what knowledge and understanding of mathematics do 

elementary school teachers need to provide quality mathematics instruction for our students?  

The purpose of this literature review is to examine teachers’ and students’ conceptual 

understanding of fractions and effective forms of professional development. 

 Suggestions have been provided through recent publications regarding what students 

should know about fractions at the elementary school level (National Council of Teachers of 

Mathematics, 2006; National Mathematics Advisory Panel, 2008).  The recommendations are 

consistent that by the end of grade 5 students should be able to compare, add, and subtract 

fractions with proficiency (National Council of Teachers of Mathematics; National Mathematics 

Advisory Panel).  The recommendations stem from a connection between students’ 

understanding of fractions and their later achievement in algebra courses (National Mathematics 

Advisory Panel).  Knowing the recommendations and the connection to later achievement, how 

do students reach this goal?  

 Teaching based on conceptual understanding is the key to preparing students to achieve 

mathematical success. Conceptual knowledge provides the understanding behind procedures, and 

if a student is to be successful year after year, then they must understand the concepts behind the 

procedures (Dixon, 2005).  However, conceptual understanding has traditionally not played an 

important role in elementary education.  A traditional mathematics teacher emphasizes 

procedures with little attention to explanations and justifications (Ball, 1991). 
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 A review of the literature suggests that conceptual understanding is the important 

foundation that is lacking from both our teachers and students (Hiebert & Stigler, 2004; Koency 

& Swanson, 2000).  We need teachers who help students develop conceptual understanding by 

having them explain and justify their mathematical thinking (Ball, 1991).  In order to better 

prepare our students our teachers need to be better prepared to teach them.  One way to prepare 

our teachers is through professional development.  Research says, “professional development 

needs to be situated in the teachers’ practice, connected to the curriculum, focused on clear 

student learning goals and student thinking, and continuing over time” (Hiebert & Stigler, 2004, 

p. 14). 

Professional Development 

 In order to improve the quality of mathematics education for our students we need to 

improve the quality of our teachers’ mathematical knowledge (Ma, 1999).  The research has 

shown that teachers need a deeper understanding of fundamental mathematics (Brover et al., 

2001; Cohen & Hill, 2000; Ma, 1999; National Council of Teachers of Mathematics, 2006; 

Schmidt et al., 2002).  Fuller (1996) examined teachers’ content knowledge of fractions and 

found 5 out of 54 teachers believed that 1/2 plus 1/3 equals 2/5.  This study demonstrates that 

there are teachers that do not have the mathematical content knowledge they need to teach 

students.  

 Through continuous professional development focused on content areas however, 

teachers can have the opportunity to learn the mathematical content knowledge they need 

(Darling-Hammond et al., 2009; Koency & Swanson, 2000).  All too often the topics of 

professional development include assessment, classroom management, and other topics not 

specific to the content areas that the teachers teach and to how students learn.  “Programs that 
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focus on subject matter knowledge and on student learning of particular subject matter are likely 

to have larger positive benefits for student learning than programs that focus mainly on teaching 

behaviors” (Kennedy, 1999, p.4).  It is the recommendation of the National Mathematics 

Advisory Panel (2008) that “teachers must know in detail the mathematical content they are 

responsible for teaching and its connections to other important mathematics, both prior to and 

beyond the level they are assigned to teach” (p.37). 

 Teachers with limited mathematical content knowledge lack the confidence and ability to 

deliver quality mathematics instruction (Brover et al., 2001).  Therefore, comprehensive and 

ongoing professional development that engages teachers in doing mathematics is necessary for 

teachers to be able to understand, apply, and teach mathematics (Brover et al.).  Teachers need to 

be taught in a way that reflects the methods they are being asked to teach (Cooney, 1994; 

Wheeldon, 2008).  Research has found that teachers are more likely to use practices that have 

been modeled for them in professional development (Darling-Hammond et al., 2009).  Teachers 

should have time in-between professional development sessions to try out ideas in their 

classroom and then have time to dialogue and reflect as they attempt to make sense of their 

observations (Darling-Hammond et al.; Zech, Gause-Vega, Bray, Secules, & Goldman, 2000).  

Research suggests that less than 14 hours of professional development does not have an effect on 

student learning while professional development with longer-durations does have positive and 

significant effects on student achievement (Darling-Hammond et al.).  Studies have indicated 

that professional development which is sustained over a longer period of time produces positive 

results for both teachers and their students.   

 In research conducted by Saxe et al. (2001) they looked at 23 elementary classroom 

teachers and their students dividing them into three different groups to examine the influence of 
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professional development and curriculum.  Two groups implemented a unit on fractions which 

emphasized problem solving and conceptual understanding.  The first group of teachers, 

Integrated Mathematics Assessment (IMA), implemented the unit on fractions and participated in 

a professional development that was designed to enhance teachers’ understanding of fractions, 

students’ thinking, and students’ motivation.  They attended a five day summer institute and 

participated in 13 meetings approximately every two weeks during the year.  The second group 

of teachers was known as the Collegial Support (SUPP).  They too implemented the unit on 

fractions but instead of participating in professional development, they met nine times during the 

year to discuss strategies in regards to implementing the curriculum.  The third group of teachers, 

known as the traditional group (TRAD), valued and used the textbooks and did not implement 

the unit on fractions, received no professional development support, and did not meet as a group 

throughout the year.   

 Before and after the teachers taught fractions, the children were given a pre-test and a 

post-test.  This test consisted of two types of questions, those that would show computational 

skills and those that would show conceptual understanding.  The items were constructed so that 

the computational items could be easily solved with a procedure or memorized facts while the 

conceptually oriented items could not be as easily solved with procedures and would require 

knowledge of mathematical relations involving fractions.  To analyze the data, the pre-test and 

post-test were compared among the three groups.   The results showed that the IMA group 

achieved greater conceptual gains on the post-test than the SUPP and TRAD groups.  There was 

actually no difference on the post-test in conceptual gains between the SUPP and TRAD groups.  

The researchers attribute these results to the fact that the IMA group provided opportunities for 

the teachers to enhance their understanding of mathematics and the ways that children make 
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sense of mathematics.  Looking at the computational gains, the post-test revealed no difference 

in the IMA and TRAD group, although the TRAD group did achieve greater scores than the 

SUPP group.  Their results indicate that when curriculum is implemented and includes support 

for teacher knowledge that it may lead to gains in students’ conceptual understanding greater 

than with just traditional practices and that at the same time it may not lead to a decrease on 

performance with computational skills.  Conceptual understanding will allow students to be 

successful year after year (Dixon, 2005).   

Conceptual Understanding of Fractions 

 “No area of elementary school mathematics is as mathematically rich, cognitively 

complicated, and difficult to teach as fractions” (Smith, 2002, p. 3).  This is made evident when 

many students enter high school and still have a lack of proficiency with fraction concepts 

(Brown & Quinn, 2006).  Siebert and Gaskin (2006) describe just how complicated fractions are: 

When we add or subtract fractions, we have to find a common 
denominator, but not when we multiply or divide.  And once we 
get a common denominator, we add or subtract the numerators, but 
not the denominators, despite the fact that when we multiply, we 
multiply both the numerators and the denominators, and when we 
divide, we divide neither the numerators nor the denominators.  
(p. 394) 

 
 One reason for students’ lack of proficiency with fractions is that many teachers do not 

have the conceptual understanding of fractions to effectively teach their students (Fuller, 1996; 

Lester, 1984; Ma, 1999; Saxe et al., 2001; Tirosh et al., 1998).  In a study conducted by Fuller 

she examined the content knowledge of novice and experienced elementary teachers and found 

that both groups primarily possessed procedural knowledge of fractions, meaning they 

understood the required steps to solve a problem (Hecht, 1998).  Conceptual knowledge, or 

knowing the meaning of mathematical symbols (Hecht), however is important to know and needs 
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to be taught before procedures.  Once conceptual understanding is developed, procedures 

become easier to understand (Niemi, 1996).  According to National Council of Teachers of 

Mathematics (NCTM): 

A conceptual approach enables children to acquire clear and stable 
concepts by constructing meanings in the context of physical 
situations and allows mathematical abstractions to emerge from 
empirical experience.  A strong conceptual framework also 
provides anchoring for skill acquisition.  Skills can be acquired in 
ways that make sense to children and in ways that result in more 
effective learning.  A strong emphasis on mathematical concepts 
and understandings also supports the development of problem 
solving.  (1989, p. 17) 

 
 Cramer, Post, and delMas (2002) conducted a study looking at two different approaches 

to teaching fractions to elementary school students.  They used a commercial curriculum (CC) 

and a curriculum called the Rational Number Project (RNP).  The CC curriculum focused on 

developing operational skills and procedures for fraction skills.  The RNP curriculum focused on 

developing an understanding of the meaning of fractions on a conceptual level.  They integrated 

two different methodologies in their study to examine information gathered from a large number 

of students that could be generalized to a larger population and information gathered from a 

smaller group of students that could provide a humanistic perspective.  In the former 

methodology, interpretation and meaning is accounted for in analysis of data (Brown, Cooney, & 

Jones, 1990).   

 After an average of 29 days of instruction some of their results are discussed.  One 

hundred and eleven fourth grade students were asked which is larger, 4/5 or 11/12.  Of the 53 

students who received the RNP curriculum, 62% of them found the correct answer and 40% of 

those who answered correctly used conceptual understanding to solve the problem.  Of the 57 

students who received the CC curriculum, 67% of them found the correct answer and 16% of 
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those who answered correctly used conceptual understanding to solve the problem.  While the 

percentage of students who found correct answers is close for both groups, the percentage of 

students who used conceptual knowledge differs greatly.  A smaller group consisting of 17 

students was asked to estimate the answer of 3/12 plus 2/3.  The results showed that of the eight 

students who received instruction using the RNP curriculum, 75% of them found the correct 

answer and all 100% of them used conceptual understanding to solve the problem.  Of the nine 

students who received instruction using the CC curriculum, 44% of them found the correct 

answer and 0% of them used conceptual understanding.  These results show that students who 

used conceptual understanding had a higher accuracy rate of being able to estimate a reasonable 

answer to an addition of fractions problem. 

 A larger group of 83 students was asked to estimate the answer of 11/12 minus 4/6.  The 

results showed that of the 49 students who received instruction using the RNP curriculum, 76% 

of them found the correct answer and 41% of those students did so using conceptual 

understanding.  Of the 34 students who received instruction using the CC curriculum, 47% of 

them found the correct answer and only 6% of them did so using conceptual understanding.  

Again, the results show that students who used conceptual understanding had a higher accuracy 

rate by being able to estimate a reasonable answer to a subtraction of fractions problem.  Overall, 

the results from this study show that students whose instruction focused on conceptual 

understanding outperformed students whose instruction focused on procedures. 

 When focusing on evaluating conceptual understanding, representational knowledge, 

justifications, and explanations can provide useful and valid information regarding students’ 

knowledge (Niemi, 1996).  Their use of mathematical representations and language is an 

important element in assessing conceptual understanding (Niemi).  Focusing on the explanation 
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of how they interpret the problem and how they found the solution is essential (Yackel & Cobb, 

1996).  One should be able to explain and justify solutions, make sense of explanations given by 

others, and ask clarifying questions when confused (Yackel & Cobb).  Those who cannot 

effectively explain and justify mathematical symbols, concepts, and operations cannot be judged 

to know mathematics (Niemi).  It is for these reasons that my research on professional 

development focused on teachers’ abilities to provide explanations and justifications, hoping to 

assess teachers’ conceptual understanding of fractions.  Demonstrating a proper explanation and 

justification includes using conceptually-based strategies such as benchmarks fractions and 

pictures to demonstrate the solution process.   

Fraction Strategies 

Comparing Fractions 

 If students were asked to compare 5/8 with 4/9 most would attempt to find a common 

denominator to convert both fractions to equivalent forms (Reys, Kim, & Bay, 1999).  However, 

the Curriculum Focal Points for Prekindergarten through Grade 8 Mathematics: A Quest for 

Coherence, by the National Council of Teachers of Mathematics (NCTM) advocate solving 

fraction problems that involve comparing and ordering fractions by “using models, benchmark 

fractions, or common numerators or denominators” (2006).  Applying these strategies shows 

evidence that students understand fraction concepts related to ordering fractions.   

 In a classroom focusing on conceptual understanding, students would be taught to 

compare the size of fractions with the use of benchmarks such as 0, 1/2, and 1 (Dixon, 2008; 

Reys et al., 1999).  For example, take the comparison of 5/8 to 4⁄9.  Half of eight is four; 

therefore, 4/8 equals one half.  Since 5/8 is greater than 4/8, 5/8 is more than one half.  Similarly 

looking at 4/9, half of nine is four and a half.  Four is less than four and a half so 4/9 is less than 
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one half.  This strategy of comparing fractions allows students to think about the part to whole 

relationship and relative size of fractions without the need to find common denominators.  Using 

this strategy demonstrates conceptual understanding of comparing fractions. 

 Another way suggested by NCTM to compare fractions is to use models.  For example, 

when trying to compare 4⁄5 to 11⁄12 both fractions are one away from a whole.  If a model was 

drawn to show 4⁄5 and 11⁄12 it would help make sense of the missing pieces.  Since the size of 

the pieces divided into fifths are larger, the one missing piece is larger than the one missing piece 

from the twelfths.  4⁄5 is therefore smaller than 11⁄12. 

 The last strategy suggested by NCTM to compare fractions is to look for common 

numerators or denominators.  If two fractions have common numerators such as 3⁄4 and 3⁄8 one 

should think about the size of the denominators.  Fourths are larger pieces than eighths so three 

pieces of fourths would be more than 3 pieces of eighths making 3⁄4 larger than 3⁄8.  Similarly, if 

two fractions have common denominators such as 3⁄5 and 4⁄5, one should realize that the size of 

the pieces are equal and therefore three pieces is less than four pieces making 4⁄5 larger than 3⁄5.  

Using these strategies recommended by NCTM show that students have developed a conceptual 

understanding of comparing fractions.  After students understand the size of fractions, they are 

ready to transfer their knowledge to adding and subtracting fractions.   

Adding and Subtracting Fractions 

 When students are asked to add fractions such as 3/5 plus 2/3 and get 5/8 they are 

showing the common add across error (Smith, 2002).  While this error is easy to detect, it is 

difficult to remedy (Brown & Quinn, 2006).  Students who make this mistake show no evidence 

of understanding that the fractions are of unequal size and no evidence of being able to estimate 

a reasonable answer.  When this mistake is made they are attributing the rules of addition of 
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natural numbers to fractions.  Another error that can be made when adding 3⁄5 plus 2⁄3 is that 2⁄3 

may become 4⁄5 by adding two to the numerator and denominator.  An incorrect answer of 7⁄5 

would show evidence of misconceptions related to equivalent fractions and no evidence of 

reasonable estimates.     

 Similar misunderstandings are found when students are asked to subtract fractions.  

Dixon (2005) identifies two strategies that are useful for modeling addition and subtraction of 

fractions in her professional development for mathematics on fraction operations.   She 

recommends the use of linear and area models for the following reasons.  Fractions are viewed as 

regional parts of a whole using the area model and manipulatives such as fraction circles and 

pattern blocks work well with this model.  In the linear model, fractions are represented as 

lengths of a segment and manipulatives such as fraction bars work well.  These models illustrate 

that finding common denominators first is not necessary.  Using these models reminds students 

that addition is combining and subtraction is removal in regards to parts in context of the whole.  

They also build estimation skills by visualizing benchmark values.  Once students are 

comfortable with these concepts, the set model, where fractions are based on parts of a group, is 

ready to be introduced.  Work with the set model will eventually lead to learning and 

understanding the standard algorithms.       

Conclusion 

 The review of literature suggests that a conceptual understanding of fractions is needed 

for both teachers and students. Support for teachers and adequate resources, including ongoing 

professional development, must be available to ensure that teachers gain the knowledge and 

skills they need to provide quality mathematics instruction.  By providing quality professional 
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development, which is focused on developing conceptual understanding, students in the United 

States may begin to perform as well in mathematics as students in other countries. 

 It is my desire to provide effective professional development for the teachers at my 

school.  By focusing on conceptual understanding of fractions, it was hoped that teachers could 

explain and justify ordering, adding, and subtracting fractions.  I used an action research-based, 

qualitative approach as I addressed this issue with the teachers.  I planned a professional 

development that was based on constructivist views of learning (Baviskar, Hartle, & Whitney, 

2009).  First, prior knowledge was activated through the use of a pre-interview and pre-test.  

Next, cognitive dissonance was created through problematic situations.  Third, application of 

new knowledge with feedback was accomplished through discussions.  Lastly, reflection on 

learning was assessed through the post-interview and post-test.  Through this learning theory it 

was my goal to create a context in which the learner was motivated to learn.    

 In my concluding three chapters I explain the methodology, data analysis, and my 

conclusions.  In my next chapter, I explain the methods used for my study.  My question, how 

does my practice of providing conceptually-based professional development related to fractions 

affect teachers’ abilities to explain and justify ordering, adding, and subtracting fractions, is 

explored in greater detail in the following chapters. 
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CHAPTER 3:  METHODS 

Introduction 

 In order to examine teachers’ abilities to explain and justify ordering, adding, and 

subtracting fractions, I conducted a series of four one-hour professional development workshops.  

In this chapter, I describe the setting and the methods I used to gather the information necessary 

to answer my question as well as plans for data analysis.  Because my goal is to improve 

teachers’ conceptual understanding of fractions, I conducted my action research study with a 

group of teachers at my school.  In this qualitative research, it was my goal to describe the 

improvement in the conceptual understanding of fractions among the teachers by analyzing their 

ability to explain and justify their solutions. 

Design of Study 

  The design of my study was qualitative.  Data collection included interviews, tests, and 

work samples.  The emphasis of the data collection was focused on the mathematical processes 

in addition to the solutions.  The goal was to know what the participants were thinking and why 

they were thinking what they did. 

Setting 

School Setting 

 The school at which I am a Mathematics Coach is a public elementary school located in a 

low socioeconomic sector of a large urban school district in the southeast United States.  Free or 

reduced lunches are offered at the school and more than 90% of the students qualify.  Of the 930 

students at this school, 48% are Hispanic, 43% are African-American, 4% are White, and 5% are 

other.  Sixty percent of the population was English language learners. 
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Professional Development Setting 

 My action research was conducted with 3 of the 5 fifth grade teachers at the school.  All 

fifth grade teachers were invited to participate in my series of four one-hour professional 

development workshops due to the curriculum they teach and the fraction expectations for fifth 

grade students set by the National Mathematics Advisory Panel, National Council of Teachers of 

Mathematics, and state standards.  Three of the five teachers agreed to participate in the study.  

The group consisted of two female teachers and one male teacher.  All of the participants were 

Caucasian and held a Bachelor’s degree in Elementary Education.  Their teaching experience 

ranged from 10 years to 39 years.  Interviews and assessments were given during their 45 minute 

planning time.  The professional development workshops were held on Wednesday afternoons 

from 2:30 pm – 3:30 pm at the school in my office.   

Methods 

Data Collection  

 After receiving Institutional Review Board (IRB) approval (Appendix A), District 

Approval (Appendix B), and Principal approval (Appendix C), I distributed consent forms to all 

five fifth grade teachers (Appendix D). Three of the five teachers consented to participate in the 

study.  Before I began collecting data each teacher chose a number unique to them for coding 

purposes.  The master list with teacher names and corresponding numbers was kept locked in a 

filing cabinet to which only I had access.  The list was then shredded after the study.  I assigned 

pseudonyms to each participant for the purpose of reporting the data. 

Interviews:  Before the series of professional development workshops began teachers were 

individually interviewed to determine how they currently teach fraction concepts and why they 

choose those methods (Appendix E).  The first question asked how they teach students to 
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compare and order 1/4, 5/8, 8/9 and why.  These fractions were chosen because they represent 

fractions less than 1⁄2, greater than 1/2, and almost 1 whole.  They were also chosen because 

finding an exact answer using a common denominator algorithm would have been time 

consuming.  The second question asked was how do you teach students to add 2/3 and 1/2 and 

why.  These fractions were chosen because they had unlike denominators.  The last question 

asked was how do you teach students to compute 5/6 minus 1/3 and why.  These fractions were 

again chosen because they had unlike denominators.  After the series of professional 

development workshops ended, teachers were interviewed again to determine how they planned 

to teach ordering fractions, addition of fractions, and subtraction of fractions in the future and 

why (Appendix F).  The fractions in the problems remained the same as in the pre-interview but 

the focus of the questions this time was on how the teachers planned to teach students and why.  

Pre-Test ⁄ Post-Test:  Teachers were administered a written assessment both before and after the 

series of professional development workshops to determine their conceptual understanding of 

how to compare and order fractions, add fractions, and subtract fractions (Appendix G).  I used 

information from a conceptually based fraction workshop that I attended to guide my selection of 

questions (Dixon, 2005).  There were a total of six fraction problems.  The first two problems 

focused on addition of fractions.  The teachers were asked to explain and justify the solutions to 

1⁄5 plus 4/6 and 4/10 plus 1 2/5.  The next two problems focused on subtraction of fractions.  

They asked the teacher to explain and justify the solutions to 4/5 minus 1/9 and 1 2/3 minus 4/6.  

All of the fraction pairs for the four problems were chosen because they had unlike 

denominators. The last two problems focused on ordering fractions.  They asked the teacher to 

explain and justify how to compare and order 95/94, 23/26, 19/71, 101/104, 53/62 and 9/16, 

24/22, 18/20, 15/17, 2/7.  These fractions were chosen because they had unlike denominators and 
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represented fractions less than 1/2, more than 1/2, almost 1 whole, and more than 1 whole. They 

were also chosen because two fractions in each problem were missing one piece of the whole and 

in general, finding an exact answer using a common denominator algorithm would have been 

time consuming.  This assessment was not tested for reliability but was validated by peers and 

experts in the field. 

Teacher Work Samples:  During the series of professional development workshops I collected 

teacher work samples (Appendix H-J).  There were work samples for each session: ordering 

fractions, adding fractions, and subtracting fractions.  Each work sample consisted of four or five 

problems similar to the pre-test.  These work samples were completed as a group during the 

professional development sessions as we discussed how to teach for conceptual understanding. 
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Procedures 

 Two weeks prior to beginning the professional development series, I conducted 

individual pre-interviews with the participants during their 45 minute planning time. The 

interview questions focused on how they currently teach fraction concepts and why.  The day 

before the series of professional development workshops began I gave the teachers the pre-test in 

a group setting during their planning time. The next day I began my first one hour professional 

development workshop focused on ordering fractions.  See Table 1 for an outline of the 

workshop series.   

Table 1  Mathematical Content Addressed in the Professional Development Workshop  

 

Professional Development Timeline Topic 

2 weeks prior to the 1st workshop 
Time:  45-minutes 

Pre-interview on ordering fractions, addition of 
fractions, and subtraction of fractions 

1 day prior to the 1st workshop 
Time:  45-minutes 

Pre-test on ordering fractions, addition of 
fractions, and subtraction of fractions 

1st professional development workshop 
Time:  1 hour 

Ordering fractions 

2nd professional development workshop 
Time:  1 hour 

Addition of fractions 

3rd professional development workshop 
Time:  1 hour 

Subtraction of fractions 

4th professional development workshop 
Time:  1 hour 

Review of ordering fractions, addition of 
fractions, and subtraction of fractions 

1 day after the last workshop 
Time:  45-minutes 

Post-test on ordering fractions, addition of 
fractions, and subtraction of fractions 

2 weeks after the last workshop 
Time:  45 minutes 

Post-interview on ordering fractions, addition 
of fractions, and subtraction of fractions 

I started by asking teachers how to compare and order 1/4, 5/8, 8/9.  The teachers worked 

together to solve the problem.  We then shared our ideas and discussed how using an algorithm 

to solve the problem was time consuming and did not show evidence of conceptual 

understanding.  We then discussed how using benchmarks of 0, 1/2, and 1 along with knowledge 
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of the part-whole relationship was more time effective and showed evidence of conceptual 

understanding. Teachers then worked together to explain and justify the answers to the ordering 

fraction problems on their handout (Appendix H).  At the close of the first workshop teachers 

were asked to incorporate into their classroom the strategies that they had learned related to 

ordering fractions.  Teachers were requested to collect unidentifiable student samples related to 

the implementation of the strategy to share at our next meeting. 

 The next week we met for the second workshop.  I started by asking teachers to share and 

discuss the unidentifiable student samples they brought showing how students compared and 

ordered fractions.  We discussed how students arrived at their answers and discussed which 

students showed evidence of conceptual understanding.  I then asked them how to add 2/3 plus 

1/2.  The teachers worked together to solve the problem.  We then shared our ideas and discussed 

how using an algorithm to solve the problem did not show evidence of conceptual understanding.  

We then discussed how to properly use drawings to help teach fraction concepts with conceptual 

understanding.  We discussed that if students did not have conceptual understanding and forgot 

the algorithm for adding fractions that they were likely to come up with the wrong answer.  

Teachers then worked together to explain and justify the answers to the addition of fraction 

problems on their handout (Appendix I).  At the close of the workshop teachers were asked to 

incorporate into their classroom the strategies that they had learned related to how to add 

fractions.  They were requested to collect unidentifiable student samples related to the 

implementation of this strategy to share at our next meeting. 

 Two weeks passed before we met for our third workshop.  I started by asking teachers to 

share and discuss the unidentifiable student samples they brought showing how students added 

fractions.  Teachers shared with each other their student samples discussing who provided 
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evidence of conceptual understanding.  I then asked the teachers how to subtract 5/6 minus 1/3.  

They worked together to solve the problem.  We then shared our ideas and discussed how using 

an algorithm to solve the problem did not show evidence of conceptual understanding.  We then 

discussed how using drawings can show evidence of conceptual understanding.  Teachers 

worked together to explain and justify the answers to the subtraction of fraction questions on 

their handout (Appendix J).  At the close of the workshop teachers were asked to incorporate into 

their classroom the strategies that they had learned related to subtracting fractions.  Teachers 

were requested to collect unidentifiable student samples related to the implementation of this 

strategy to share at our next meeting. 

 The next week we met to finish our series of professional development workshops.  I 

started by asking teachers to share and discuss the unidentifiable student samples they brought 

showing how students subtracted fractions.  We then focused on reviewing the prior three 

workshops by discussing what the teachers had learned, what they felt was useful and what was 

not.  We brought all of the information together and discussed the differences between 

procedural knowledge and conceptual knowledge and the need for both (Hecht, 1998). 

 The next day I gave the teachers the post-test (Appendix G) in a group setting during 

their planning time.  Within the following two weeks after the series of professional development 

workshops, I individually interviewed the teachers again during their planning time (Appendix 

F).  This concluded the data collection phase of my study. 

Data Analysis 

 I first began by examining the pre-test, post-test, and teacher work samples for correct 

and incorrect solutions to the problems.  I wanted to know if teachers could arrive at correct 
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solutions to fraction problems regardless of how they solved them.  It was during this time that I 

looked for possible fraction misconceptions. 

 I then looked at each fraction concept and data source looking to see whether the 

questions or problems were answered using procedural knowledge or conceptual knowledge.  I 

wanted to see if a pattern existed in which the participants tended to use one type of knowledge 

versus the other.  Did it vary from data source? 

 The use of drawing pictures was then examined.  I looked to see where pictures were 

drawn.  I also looked to categorize the picture as either representing the solution process or the 

solution.  Take 1⁄2 plus 1⁄4 for example.  When a picture is drawn to represent the solution 

process you can visually see how they used their drawing to find the solution.  See figure one for 

an example.   

 

 

 
Figure 1 Picture representing the solution process 
 

In this figure you can see the darker lines that were drawn to change the two 1⁄2 pieces into four 

1⁄4 pieces.  By doing this, equal pieces were made and then added to find a solution of 3⁄4.  

When a picture is drawn however to represent the solution there is no distinction to show how 

they solved the problem.  See figure two for an example.   

 

Figure 2 Picture representing the solution 
 

In this drawing no thought process is shown, the picture represents only an answer with no 

indication on how it was solved.    
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 Finally, I looked at the data from each participant from the beginning to the end.  I started 

by looking at their pre-interview and examined all of their work till the post-interview looking 

for a change in their ability to explain and justify their solutions.  I attempted to examine how 

each participant evolved during the professional development.  Of course however, while 

examining the data, there were some assumptions. 

Assumptions 

 It was assumed that the participants would begin the professional development with 

limited conceptual understanding of fractions and participate in all four workshops. It was also 

assumed that through the professional development they would construct conceptual 

understanding and solve the problems using that conceptual knowledge instead of using 

procedural knowledge.  It was anticipated that they would take their knowledge back to their 

classrooms and incorporate it into their own practice.  A further assumption was that teachers 

would ask questions for clarification and for help if needed.  Other important assumptions were 

that teachers would be honest about their own learning and the learning of their students. 

Limitations 

 A limitation to the study was that the professional development was held on Wednesday 

afternoons, a shortened school day, and only lasted only an hour each session.  Due to the time 

constraints however, extending the time provided for this action research was not an option.  

Another limitation was that the teachers who participated were only from one school.  Since the 

participants were my peers and volunteered to participate, it limited my ability to push them to 

provide explanations and justifications.  There were no benefits such as a stipend or grade to 

motivate them.  The last limitation was that fractions concepts were not addressed in the county 

 25



pacing guide during the semester in which the research was conducted; they would have been 

addressed in the following semester.  Therefore, when the teachers were asked to collect student 

samples, they had to teach mini lessons that were not included in the pacing guide.  These 

limitations effected my professional development. 

Conclusion 

 The qualitative methodology provided a context for me as I set out to describe in detail 

the affects of providing conceptually-based professional development on fractions to the fifth 

grade teachers at my school. The action research we participated in as a group provided data that 

helped identify these affects.  Interpretation of the data is discussed in chapter four, Data 

Analysis. A thorough analysis of the data describes our experiences. 
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CHAPTER FOUR:  DATA ANALYSIS 

 Introduction 

 After conducting a series of four one-hour professional development workshops with 

three fifth grade teachers, I began to analyze the data I collected.  I wanted to know how my 

practice of providing conceptually-based professional development related to fractions affected 

teachers’ abilities to explain and justify procedures related to ordering, adding, and subtracting 

fractions.  The first observation I made was related to one participants’ reoccurring 

misconception that did not allow them to correctly solve ordering fraction problems on the pre-

test.  In addition to this observation, two themes emerged.  The first theme was that all of the 

participants were able to give conceptually based answers to the questions on the post-interview 

regardless of whether or not they demonstrated conceptual knowledge during the professional 

development.  The second theme that emerged was that when participants gave conceptual 

solutions to the problems, they all included a drawing that demonstrated their thinking.  The 

following narrative demonstrates how my practice of providing conceptually-based professional 

development increased the participants’ conceptual understanding of fractions.  Achieving this 

deeper understanding was the primary purpose of my professional development series and it was 

the determining factor of its success.  

Misconceptions 

 Before trying to decide if the participants demonstrated procedural or conceptual 

knowledge of fractions, I first decided to find out if they were able to correctly answer the 

problems.  I looked at the problems that the participants solved incorrectly to determine if 

computational errors were made or if misconceptions were present.  The computational errors 
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were minor and will not be discussed.  The one misconception that was observed is discussed 

below.   

 Jessie’s misconception came from the pre-test prior to participating in the professional 

development.  She missed both of the problems having to do with ordering fractions.  The first 

problem asked her to compare and put in order 95/94, 23/26, 19/71, 101/104, and 53/62 from 

least to greatest and she answered 19/71, 53/62, 101/104, 23/26, and 95/94 (see figure 3).   

 

Figure 3 Jessie’s solution to problem 5 on the pre-test 
 

Her explanation was that the larger the denominator, the smaller the pieces.  She explained that 

the greater the difference in the numerator and denominator, the smaller the fraction and that the 

closer together, the closer the fraction is to one whole.  She ended in saying that if the numerator 

is larger than the denominator, it is greater than one whole.  Analyzing her explanation she was 
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incorrect in her thinking that the greater the difference in the numerators and denominators, the 

smaller the fraction.  When she went to compare two fractions that were both three away from 

the denominator she was missing a concept about the size of the piece that prevented her from 

correctly ordering the fractions. She did not take into consideration when comparing 101⁄104 and 

23⁄26 that they were both three away from a whole and that the smaller pieces in 101⁄104 meant 

that there were three smaller pieces missing from the whole compared to the three larger pieces 

missing from 23⁄26.   

 The second problem she answered incorrectly asked her to compare and put in order 

9/16, 24/22, 18/20, 15/17, and 2/7 from greatest to least.  She answered 24/22, 15/17, 18/20, 

9/16, and 2/7 (see figure 4).   

 

Figure 4 Jessie’s solution to problem six on the pre-test 
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Her explanation for this problem was the same as for the problem before.  Again, she had a 

misconception and was not able to correctly order two fractions that were both two away from a 

whole.  These incorrect answers showed that Jessie did not have an understanding that the 

smaller the denominator, the larger the size of the pieces, making the missing pieces bigger in 

size.   

Procedural or Conceptual Knowledge 

 Knowing that the participants could correctly solve the majority of the problems, I looked 

to see specifically how they solved the problems First, I reviewed the participants and their work 

as a whole.  Did they use procedural knowledge or conceptual knowledge to solve the problems?  

Did it vary from activity? (see table 2). 

Table 2  Use of Procedural Knowledge versus Conceptual Knowledge  

 

   Prior to Professional 
Development 

During Professional 
Development 

After Professional 
Development 

Fraction 
Concept 

Procedural 
Knowledge 

Conceptual 
Knowledge

Procedural 
Knowledge

Conceptual 
Knowledge

Procedural 
Knowledge 

Conceptual 
Knowledge

Ordering 
 

37% 63% 66% 34% 22% 78% 

Adding 
 

100% 0% 28% 72% 67% 33% 

Subtracting 
 

100% 0% 80% 20% 67% 33% 

 In order to categorize the participants’ solutions to the problems as either showing 

evidence of procedural or conceptual knowledge I looked at their explanations and justifications.  

If they correctly described the solution process without using an algorithm then I determined that 

the problem was solved conceptually.  If they did not describe the solution process and/or used a 

algorithm I determined that the problem was solved procedurally.   

 30



 When it came to examining ordering fractions the percent of the problems that were 

solved conceptually varied based on the activity.  Prior to the professional development, 63% of 

problems were solved using conceptual knowledge.  This implies that the participants began the 

workshop with some conceptual understanding of how to order fractions.  During the 

professional development however the percent decreased and only 34% of the problems were 

solved using conceptual understanding.  I attribute this drop to a participant who had a 

dominating personality and convinced the other participants to order the fractions by converting 

them to percents.  After the professional development the percent increased again and 78% of the 

problems were solved showing conceptual understanding.  This 78% includes all three 

participants’ answers to the post-interview in regards to ordering fractions.  This leads me to 

believe that the participants had some knowledge of conceptual understanding prior to the 

professional development and that while they did not use their conceptual knowledge as much as 

their procedural knowledge during the professional development, they did show an increase of 

understanding based on the activities after the professional development which included the post-

interview.                

 Examining the activities before and after the professional development that dealt with 

addition of fractions showed a preferred use of procedural knowledge to solve the problems.  

None of the problems prior to the professional development were solved conceptually. During 

the professional development however, 72% of the problems were solved conceptually and after 

the professional development 33% of the problems were also solved conceptually.  The 33% 

includes all three participants’ answers to the post-interview in regards to addition of fractions.  

While the percent of problems that were solved conceptually decreased after the professional 

development, these results lead me to believe that the participants could solve these problems 
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conceptually as they were able to do so during the professional development and on the post-

interview.  I attribute the decline in using conceptual understanding to the fact that solving the 

problems procedurally was more efficient in regards to time. 

 Finally, when looking at subtracting fractions, procedural knowledge was used more than 

conceptual knowledge during all the activities.  None of the activities before the professional 

development, 20% of the activities during the professional development, and 33% of the 

activities after the professional development were all solved conceptually.  These results 

originally led me to believe that the participants did not have conceptual understanding of how to 

subtract fractions but on the post-interview all three participants’ answers in regards to 

subtraction of fractions were conceptually based.  Again, it appears that the participants preferred 

to use procedures even though they had conceptual understanding.    

Use of Pictures 

 When addition and subtraction of fractions were taught in this professional development 

the use of drawing pictures was encouraged to show evidence of conceptual understanding.  

When examining the addition and subtraction of fraction problems, it was noticed that not all 

answers included pictures and that those that did have pictures showed evidence that some were 

drawn representing the solution process (see figure 6) whereas others showed that they were 

drawn to represent the solution (see figure 7).  

 

Figure 5  Picture representing the solution process 
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Figure 6  Picture representing the solution 
 

 In figure 6 the picture shows how the participant first drew and shaded in 2⁄4 of a circle 

and then 1⁄6 of another circle representing the problem.  They then showed how they made the 

pieces in both circles equal by “dividing” each 1⁄4 piece into 6 pieces and each 1⁄6 piece into 4 

pieces.  By doing this 2⁄4 became 12⁄24 and 1⁄6 became 4⁄24.  12⁄24 plus 4⁄24 is 16⁄24.  This 

picture shows the participants solution process.   

 In figure 7 the picture does not show the participants solution process.  They drew two 

rectangles and divided each into 24 pieces.  They then shaded 16 pieces in one rectangle and 15 

pieces in the other.  There is no evidence that the pictures once represented 2⁄3 and 5⁄8.  This 

therefore leads me to believe that the participant drew the picture after finding the solution.   

 Of the 21 pictures drawn for addition problems, 12 were pictures that represented the 

problem.  Of the 17 pictures drawn for subtracting problems, six were pictures that represented 

the problem.  In examining the drawings that answered the problems it was noticed that all of 

those problems were all solved conceptually.  

Participants’ Individual Growth 

Alex 

 Alex began the professional development with some conceptual understanding of how to 

compare and order fractions and strictly procedural knowledge of how to add and subtract 

fractions.  Her use of drawings was limited and they represented the solutions not the problems.  
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During the session on ordering fractions, she solved all five problems using procedural 

knowledge.  Then, during the session on adding fractions, she used conceptual knowledge to 

solve 2 of the 5 problems and her drawings for those two problems represented the solution to the 

problems.  Next, with subtraction of fractions, she used conceptual knowledge to solve 1 of the 5 

problems.  Her drawing for the one problem she solved conceptually did represent the solution to 

the problem.  After the professional development, Alex used procedural knowledge to answer 4 

of the 5 problems on the post-test.  The only time she used conceptual understanding was when 

she put fractions in order.  It is obvious from the overall data that Alex prefers to use procedural 

knowledge to solve the fraction problems.  It is also obvious from her post-interview that she has 

conceptual understanding of fractions as she answered all three questions conceptually with 

drawings that matched the solution process. 

Terri 

 Terri began the professional development with mostly procedural knowledge.  She 

answered only one ordering problem using conceptual knowledge.  She did use drawings 

frequently. However, the drawings described her answers not the solutions to the problems.  She 

solved 2 of the 4 problems during the ordering fractions sessions using conceptual knowledge.  

During the session on addition of fractions, she solved all five of the problems conceptually 

using drawings for four of them that represented the solution to the problem.  The last session on 

subtracting fractions she solved 1 of the 5 problems conceptually.  While she continued to use 

drawings, they reflected her answers and not the solutions to the problems.  After the 

professional development, she solved all of the addition and subtraction problems on the post-

test using procedural knowledge.  The only problems she answered using conceptual knowledge 
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were the ones that involved ordering fractions.  Terri was able to use conceptual knowledge and 

drawings that match the problem to the answer for all the questions on the post-interview.   

Jessie 

 Like the other participants, Jessie began the professional development with mostly 

showing evidence of procedural knowledge of fraction concepts.  The only question she 

answered with conceptual knowledge prior to the professional development was the question on 

the pre-test that asked how do you teach students to compare and order 1⁄4, 5⁄8, and 8⁄9 and why.  

During the ordering fraction session she answered all of the problems correctly and for 2 of the 4 

problems she used conceptual understanding.  If you recall, Jessie was the participant who had a 

misconception about the size of the missing pieces when comparing two fractions that were 

missing the same number of pieces.  During this activity she solved two questions conceptually 

in which see used the model of missing pieces to find her solution (see figure 7 & 8).  

. 

Figure 7  Jessie’s solution to problem 2 on the ordering fractions teacher work sample. 
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Figure 8  Jessie’s solution to problem 3 on the ordering fractions teacher work sample. 
 

In both of these figures you can see how she identified each of the fractions that were one away 

from a whole by describing them as missing either one small or large piece.  This is evidence 

that she had overcome her prior misconceptions.   

 During the addition of fractions session, Jessie answered 3 of the 5 problems 

conceptually and her drawings matched the solution process.  During the last session on 

subtracting fractions, she answered 1 of the 5 problems conceptually and her use of drawings 

was limited.  On the post-test she answered all 6 of the problems procedurally yet during the 

post-interview she was able to give conceptual answers for all three questions with drawings to 

match the solution process. 

Conclusion 

 The three sources I used to collect data for this research were pre- and post- interviews, 

pre- and post-tests, and teacher work samples.  The themes that emerged from my research 

 36



included an increase in teachers’ conceptual knowledge related to fractions and drawings that 

demonstrated conceptual understanding.  Overall the themes that emerged in my study were 

trustworthy and supported by the research conducted by others.  In chapter five I will discuss in 

further detail how my themes are supported by the literature review.  
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CHAPTER 5:  CONCLUSION 

Introduction 

 I was curious to see what would happen when I conducted conceptually-based 

professional development related to fractions with the fifth grade teachers at my school.  I was 

able, through this action research study, to answer my question, how does my practice of 

providing conceptually-based professional development related to fractions affect teachers’ 

abilities to explain and justify ordering, adding, and subtracting fractions?  In this chapter I will 

discuss my findings, connect my research study to the literature, and offer recommendations for 

future studies. 

Findings 

 My initial plan when designing the professional development was to model the graduate 

class I participated in that focused on conceptual understanding and forced me to explain and 

justify my solution process.  In this class, social norms were established from the very first day 

that we had to explain and justify our solution process using words and pictures.  While this was 

the atmosphere I intended to create, I found that I did not establish these necessary norms.  By 

not establishing these norms, the explanations and justifications I asked my participants to 

provide were not as detailed as I had envisioned them to be.   

 To examine the explanations and justifications that the participants provided I intended to 

examine the pre- and post-interviews, pre- and post-tests, and the teacher work samples in an 

attempt to categorize each individual participant’s level of conceptual understanding.  I thought 

that I could score each of their responses on a scale of 0-3 and average them together to 

determine their overall conceptual understanding of fractions.  What I did not realize was that 
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attempting to categorize the participants into different levels of conceptual understanding would 

not show me my participants’ solution processes and how those processes may or may not have 

changed over the course of the professional development.  When I realized the flaws in my 

original plan I abandoned the notion of scoring their responses on a scale but at the same time I 

still had to make a value judgment when I categorized their solutions as either showing evidence 

of procedural or conceptual knowledge.  In making this judgment I assumed that if they solved 

the problems procedurally or did not explain their solution process that they did not have 

conceptual understanding.  However, as my results indicated, just because the participants solved 

problems procedurally did not mean that they did not have conceptual understanding.   

Connections to the Literature 

 Research indicates that teachers’ have a lack of conceptual understanding in mathematics 

(Brover et al., 2001; Cohen & Hill, 2000; Cooney, 1994; Fuller, 1996; Koency & Swanson, 

2000; Ma, 1999; Weissglass, 1994).  This was evident in the data I collected prior to conducting 

my professional development.  The teachers that participated in my study resorted to solving 

fraction problems based on procedures with little understanding of the concepts during both the 

pre-interview and pre-test.  The research also suggests that teachers are not proficient with 

fractions (Fuller, 1996; Lester, 1984; Ma, 1999, Tirosh et al., 1998).  An example of this 

emerged when one of the teachers had a misconception of fractions and did not understand that 

the smaller the denominator, the larger the size of the pieces, making the missing pieces bigger in 

size.  

 Research indicated however that through providing continuing professional development 

focused on content that teachers’ could increase their conceptual understanding of mathematics 

(Brover et al., 2001; Cohen & Hill, 2000; Kennedy, 1999; Koency & Swanson, 2000; Mistretta, 
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2005; Schmidt et al., 2002).  This too was evident in the data I collected.  After the teachers 

participated in my professional development they were able to solve fraction problems using 

drawings to represent their thinking.  Research from Niemi (1996) indicates that representational 

knowledge is one effective way to evaluate conceptual understanding.   

Implications 

 The results of my action research study support the current research that teachers can 

acquire conceptual understanding of mathematics through ongoing professional development 

focusing on the content that their students are to learn, how they are to teach the content, and 

how students are to learn it (Cohen & Hill, 2000; Kennedy, 1999).  School districts and 

administrators need to realize the importance of professional development specifically related to 

concepts.  More time and resources need to be devoted to preparing our teachers.  Professional 

development needs to be focused on content, well planned, continued for an extended period of 

time, allow for collaboration, and provide time for reflection.  When the time and money is spent 

preparing our teachers, students will begin to receive the quality education they deserve and 

need.           

Recommendations 

 The results of my study provide support that professional development can increase 

teachers’ conceptual understanding of fractions.  I found with the group of three teachers that I 

worked with that their conceptual understanding of fractions began to evolve with even minimal 

time for professional development.  If I was to conduct this research again however I would 

make some adjustments.  The first thing I would change would be to increase the number of 

participants.  I feel that conducting this research with a larger sample size would allow me to 
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generalize the results to other teachers.  I would also like to provide the professional 

development for a longer period of time and overlap the professional development with when 

fractions are addressed in the curriculum.  Providing this professional development during the 

classroom instruction on fractions would be more appropriate.  Also, by increasing the time 

allotted for the professional development I could establish the norms of explaining and justifying 

the solution process to the extent in which I had originally anticipated.  Extending the allotted 

time would also allow me to tie the research to student achievement.  Research suggests that 

when professional development occurs for more than 14 hours that there are positive and 

significant effects on student achievement (Darling-Hammond et al., 2009).   

 Ideally, I believe that the best way to conduct this research would be to have a larger 

number of teachers who possess procedural knowledge of fractions participate.  I would divide 

the teachers into two groups.  One group would receive conceptually-based professional 

development focused on ordering, adding, and subtracting fractions while the other group would 

receive no professional development.  Their students would then be administered a pre-test and 

post-test based on ordering, adding, and subtracting fractions prior to and after instruction from 

their teachers.  The post-test results would then be compared based on the two groups of teachers 

to identify if one group possessed higher levels of conceptual understanding than the other.  If 

the results showed positive students’ achievement from the teachers who received the 

conceptually-based professional development then the other group of teachers would receive the 

professional development too.  By making these changes, I feel that my study can be improved. 

Conclusion 

 This action research has allowed me to examine my practice of providing conceptually-

based professional development related to ordering, adding, and subtracting fractions.  Through 
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this journey I have been able to reflect on my own learning experiences and provide 

conceptually-based instruction for my fellow colleagues.  I learned that while I set out to push 

the participants to explain and justify their solution processes that I failed to accomplish this.  

When working with my peers I felt uncomfortable to push them from their comfort zone to give 

the explanations I was looking for.  In order to be a better mathematics coach I need to be able to 

gain the confidence to push teachers just the right amount.  As a mathematics leader for my 

county I will continue to improve my practice of providing conceptually-based instruction so that 

teachers can gain the knowledge needed to provide quality instruction for their students.       
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APPENDIX A:  INSTITUTIONAL REVIEW BOARD 
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APPENDIX B:  DISTRICT APPROVAL 
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APPENDIX C:  PRINCIPAL APPROVAL 
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APPENDIX D:  CONSENT FORM 
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Informed Consent for: 

Conceptually Based Professional Development on Fractions 

Researchers at the University of Central Florida (UCF) study many topics.  To do this we need 
the help of people who agree to take part in a research study.  You are being invited to take part 
in a research study which will include about six people.  You can ask questions about the 
research.  You can read this form and agree to take part right now, or take the form home with 
you to study before you decide.  You will be told if any new information is learned which may 
affect your willingness to continue taking part in this study.  You have been asked to take part in 
this research study because you are a teacher. You must be 18 years of age or older to be 
included in the research study and sign this form.   
 

The person doing this research is Jessica Maguhn of the UCF Teaching and Learning Principles 
Department.  This research is a Masters Thesis requirement. Because the researcher is a graduate 
student, she is being guided by Dr. Juli Dixon, a UCF faculty supervisor in the Teaching and 
Learning Principles Department. 
 

Study title:  Conceptually based professional development on fractions  
 

Purpose of the research study:  The purpose of this study is to determine the effects of 
professional development practice on elementary school teachers’ conceptual understanding of 
fractions.   
 

What you will be asked to do in the study:   Participants will be asked to take part in four, one 
hour, professional development sessions over the course of two months.  In addition, an 
individual pre- and post interview consisting of 3 questions related to current teaching practices 
of adding, subtracting, and ordering fractions will be conducted.  A pre- and post test consisting 
of 6 questions relating to conceptual understanding of adding, subtracting, and ordering fractions 
will be administered in a group setting.  During the professional development sessions, teacher 
work samples will be collected from the participants.   Participants will be expected to reflect in 
a journal writing one or more paragraphs on their experiences after the first 3 sessions, 
incorporate the learned strategies in their teaching within a week, and provide unidentifiable 
student samples showing the implementation of the learned strategies in their classroom.  The 
interviews, tests, teacher work samples, and journals will be collected, analyzed, and included in 
my research findings.   
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Voluntary participation:  You should take part in this study only because you want to.  There is 
no penalty for not taking part, and your job as a teacher will not be affected whether you 
participate or not. You have the right to stop at any time.  Just tell the researcher or a member of 
the research team that you want to stop. You will be told if any new information is learned which 
may affect your willingness to continue taking part in this study.  Results of this study will not be 
shared with       or the principal.   
 
Location:    
 

Time required:  This study will involve 4 professional development sessions to be conducted 
over the span of two months.  1 ½ hours total for the pre- and post test during planning time.  30 
minutes total for the pre- and post interview during planning time.  4 hours total for the 
professional development sessions after school on Wednesday afternoons.  An hour or less for 
reflections during personal time.  4 hours or less for implantation of strategies in the classroom.    
 

Audio or video taping:  This study does not include any audio or video taping.  
 

Risks:  There are no expected risks for taking part in this study.  You do not have to answer 
every question or complete every task. You will not lose any benefits if you skip questions or 
tasks. You do not have to answer any questions that make you feel uncomfortable. 
 

Benefits:  Benefits for participating in this study include professional development points  
and learning more about how research is conducted.  
 

Compensation or payment:   
There is no compensation or other payment to you for taking part in this study.  
 

Confidentiality: The researcher will make every effort to prevent anyone who is not on the 
research team from knowing that you gave us information, or what that information is.  For 
example, your information will be assigned a code number and there will be no list connecting 
you to your code. Your information will be combined with information from other people who 
took part in this study.  When the researcher writes about this study in her thesis to share what 
was learned with other researchers, she will write about this combined information. Your name 
will not be used in any report, so people will not know how you answered or what you did.  This 
research does require some group work during the professional development sessions and 
confidentiality among the group members is expected but once group members leave the group, 
confidentiality cannot be guaranteed.   
 
Study contact for questions about the study or to report a problem: Jessica Maguhn, 
Graduate Student, Teaching and Learning Principals, College of Education, (407) 933-0789 or Dr. Juli 
Dixon, Faculty Supervisor, Department of Teaching and Learning Principals at (407) 823-2233 or by 
email at jkdixon@mail.ucf.edu.  
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IRB contact about your rights in the study or to report a complaint:    Research at the 
University of Central Florida involving human participants is carried out under the oversight of 
the Institutional Review Board (UCF IRB).  For information about the rights of people who take 
part in research, please contact: Institutional Review Board, University of Central Florida, Office 
of Research & Commercialization, 12201 Research Parkway, Suite 501, Orlando, FL 32826-
3246 or by telephone at (407) 823-2901. 
 
How to return this consent form to the researcher:  Please sign and return this consent form 
to Jessica Maguhn.  A second copy is provided for your records. By voluntarily agreeing to take 
part in this study, you give me permission to report your responses anonymously in the final 
manuscript to be submitted to my faculty supervisor as part of my course work.   
 

□ I have read the procedure described above   

□ I voluntarily agree to take part in the study 

□ I do not agree to take part in the study  

□ I am at least 18 years of age or older         

 

___________________________          __________________________       ________ 

Signature of participant                           Printed name of participant                   Date 

 

____________________________________ ____________ 

Principal Investigator  Date 
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APPENDIX E:  PRE-INTERVIEW 
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Pre-Interview Questions 
 

How do you teach students to compare and order 1/4, 5/8, 8/9?  Why? 

 

 

 

 

 

 

How do you teach students to add 2/3 + 1/2?  Why? 

 

 

 

 

 

 

How do you teach students to subtract 5/6 – 1/3?  Why? 
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APPENDIX F:  POST-INTERVIEW  
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Post Interview Questions 
 

How will you teach students to compare and order 1/4, 5/8, 8/9?  Why? 

 

 

 

 

 

 

How will you teach students to add 2/3 + 1/2?  Why? 

 

 

 

 

 

 

How will you teach students to subtract 5/6 – 1/3?  Why? 
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APPENDIX G:  PRE-TEST ⁄ POST-TEST 
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Pre-Test ⁄ Post-Test 
 

Explain and justify 1/5 + 4/6    

 

 

Explain and justify 4/10 + 1  2/5 

 

 

Explain and justify 4/5  – 1/9 

 

 

Explain and justify 1 2/3 – 4/6  

 

 

Compare and put in order the following fractions from least to greatest.  Explain and justify your 
solution.   
 

95                23                19                101                53 
94                26                71        104                62 

 

Compare and put in order the following fractions from greatest to least.  Explain and justify your 
solution. 
 

9               24              18              15              2 
16              22              20              17              7 
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APPENDIX H:  ORDERING FRACTIONS TEACHER WORK SAMPLE 
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 Ordering of Fractions 
 

Compare and order the following fractions from least to greatest.  Explain and justify your 
reasoning. 
 

1              4              5              6              3 
3              5              7              7              6 

 
 
 
 
Compare and order the following fractions from least to greatest.  Explain and justify your 
reasoning. 
 

23              16              24              18              11 
24              32              23              19              25 

 
 
 
 
Compare and order the following fractions from greatest to least.  Explain and justify your 
reasoning. 
 

3               20              8                6               12 
20              21             18              11              13 

 
 
 
 
Compare and order the following fractions from greatest to least.  Explain and justify your 
reasoning. 
 

15              12              11              22            12 
27              18              23              27            15 
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APPENDIX I: ADDITON OF FRACTIONS TEACHER WORK SAMPLE 
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Addition of Fractions 
 

Solve each problem.  Explain and justify your reasoning. 

 

2/4 + 1/6 

 

 

3/8 + 3/6 

 

 

4/10 + 1 3/5 

 

 

2/3 + 5/8 

 

 

1 2/4 + 2/5 
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APPENDIX J:  SUBTRACTION OF FRACTIONS TEACHER WORK SAMPLE 
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Subtraction of Fractions 
 

Solve each problem.  Explain and justify your reasoning. 

 

6/8 – 1/2 

 

 

4/5 – 2/8 

 

 

5/6 – 2/4 

 

 

1 2/3 – 3/4  

 

 

1 2/4 – 5/8 
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