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ABSTRACT 

 

 

JUSTINA JENKINS 

THE EFFECTIVENESS OF PROJECT-BASED LEARNING ON MATHEMATICS 

PROFICIENCY WITH AFRICAN AMERICAN STUDENTS 

Under the direction of JEFFREY HALL, Ed.D.  

 

This sequential exploratory mixed methods study addressed the problem of low 

academic achievement in mathematics, specifically for African American middle school 

students who historically score below proficient levels on standardized mathematics 

assessments. The purpose was to investigate the effectiveness of the Project-Based 

Learning (PBL) approach on African American students’ academic achievement, and to 

determine what factors, if any, impact African American students’ motivation during 

PBL mathematics. Eight sixth-grade students from a private school in the southeastern 

United States, identified as performing below proficient level in mathematics, 

participated in this study.  Data collection included two focus group interviews, a six-

week PBL mathematics unit, classroom observations, and a pre-and post-benchmark 

assessment.  

 The quantitative results indicated that on average, the students performing below 

proficient level significantly improved their performance from the pre-test to the post-

test. However, their scores were significantly lower than the students who historically 

performed at math proficient levels, and the PBL unit did little to close the achievement 
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gap. The qualitative data suggest three factors, student perceived level of rigor of the 

mathematics assignments, the nature of the peer-to-peer interactions, and the presence of 

classroom-based student activities that the students perceived to be fun and valuable, 

impact the students’ motivation in PBL. Recommendations for future research include 

studies of long term impacts on mathematics academic achievement and motivation when 

students are immersed in PBL over longer periods of time and studies comparing 

students’ mathematics scores on the SAT or ACT that completed PBL instruction 

opposed to more traditional methods. 
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CHAPTER ONE 

INTRODUCTION TO THE STUDY 

American education was shaken to the core in 1983 with the release of A Nation 

at Risk, a national study of education that warned of a “rising tide of mediocrity” in 

public schools as evidence by the poor performance of American students in almost all 

subject areas (Gardner, 1983, p. 1).  This report concluded that only one third of 17-year-

old students could solve a mathematics problem that required multiple steps. The report 

also stated that between 1975-1980, remedial mathematics courses in public four-year 

colleges increased by 72% and constituted one quarter of all mathematics courses taught 

in those institutions. These findings set the stage for a national response to the suspected 

challenges in America’s school system. 

In response to the A Nation at Risk report, each state adopted a series of 

educational standards that required the development of rigorous and challenging 

curriculum standards.  Teaching for higher order thinking skills quickly replaced the 

practice of teaching for memorization and regurgitation.  State and national curriculum 

standards began to drive classroom instruction, and the number of mathematic courses 

that were required to graduate increased for most high school students across America 

(Steel, 2003). To ensure accountability, high stakes standardized testing was conducted 

regularly in classrooms across the country. The results of these tests impacted students, 
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teachers, principals, schools, and school districts. Teachers were evaluated and 

sometimes even paid based upon the achievement of their students as evidenced by test 

scores.  Schools and school districts were often labeled as high achieving or failing based 

upon the overall achievement of their students on state mandated tests (Steel, 2003). 

 National tests scores from 2011 revealed that the A Nation at Risk report had been 

accurate, and student achievement in America was significantly trailing other developed 

countries in core academic subjects, including mathematics (Mullis, Martin, Foy, & 

Arora, 2012). Even more disturbing than America’s overall performance was the gap in 

mathematics achievement between African American students and their Caucasian 

counterparts. Statistics showed that African American students were performing 

significantly lower in mathematics than Caucasian students and making little to no 

progress toward closing the mathematics achievement gap since the emphasis on math 

standards began in the early 1970s (Bandeira de Mello, Bohrnstedt, Blankenship, & 

Sherman, 2015; Flores, 2007; National Council of Teachers of Mathematics, 2017).  

From 2005 to 2007, 49% of African American students scored below basic 

mathematics levels on the National Assessment of Educational Progress (NAEP) and the 

gap between African American and Caucasian students in mathematics did not change 

(Vanneman, Hamilton, Anderson, & Rahman, 2009). Based on test scores of eighth 

graders from urban school districts, Bandeira de Mello et al. (2015) reported the 

achievement gap narrowed from 32 points in 2007 and 2009 to a 31-point discrepancy in 

2011, with a 30-point discrepancy in 2015. Of the 13,200 high school seniors that 

completed the NAEP math assessment in 2015, only seven percent of African American 
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students performed at the proficiency level while 32% of Caucasian students scored 

proficient (Bandeira de Mello et al., 2015).  

Currently, most African American students are performing below national 

standards in mathematics (Bandeira de Mello et al., 2015).  Based on a comprehensive 

study of the progress of African American students in mathematics, Ladson-Billings 

(1997) argues that the gap exists because mathematics classrooms are filled with 

repetition and drills instead of problem solving and critical thinking exercises. 

Wenglinsky (2002) posits that math concepts have become divorced from everyday 

experiences, and this divorcing is the reason for the gaps in mathematics achievement. 

Researchers studying African American students’ experiences in mathematics conclude 

that current pedagogy is not preparing students with the problem-solving skills required 

by mathematics standards (Lowrie, 2004; McKinney & Frazier, 2008). Teachers who are 

less skilled and more concerned with maintaining order in the classroom may rely on 

skills and drills practices that leave African American students unengaged and 

unmotivated to learn mathematics (Anderman & Midgley, 1997).  

Anderman and Midgley (1997) state that students are more engaged and 

motivated when they are able to interact with peers, work in groups, and have limited 

interactions with the teacher. Schunk (2012) argues that student motivation is key for 

academic success. According to Schunk (2012), teachers should use heterogeneous 

grouping when possible to assure that differences in ability do not translate into 

differences in motivation. Peer-to-peer interactions in the classroom can contribute to an 

even distribution of student motivation among students, as low achieving students may 
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benefit from group activities in class when group success increases students’ self-efficacy 

(Schunk, 2012).   

In view of research that suggests that African American students are motivated to 

perform better in mathematics when repetition and drills are replaced by pedagogy based 

on experimental learning and problem solving (Yetkiner, Anderoglu, & Capraro, 2008), 

this study applied Dewey’s (1938) progressive educational paradigm as a theoretical 

framework.  Additionally, this study applied Vygotsky’s (1978) Sociocultural Theory in 

order to examine the relationship between academic achievement and students’ 

interaction with their peers in a classroom setting. The study sought to determine if a 

Project-Based Learning (PBL) instructional approach, including student collaboration 

and real-life application, would lead to increased student motivation and academic 

achievement in mathematics for African American students.  

Theoretical Framework Supporting Project-Based Learning 

Project-Based Learning (PBL) is a method of instruction that began in medical 

schools and was adopted by K-12 schools due to the success of the method (D’Angelo, 

Touchman, Clark, O’Donnell, Mayer, Dean, & Hmelo-Silver, 1969).  During Project-

Based Learning, students focus on creating a tangible, meaningful artifact in answer to a 

driving question in the students’ environment. Students collaborate in groups with the 

goal of answering the question through a clearly defined project. Teachers act as 

facilitators by providing an environment where students can inquire, problem-solve, 

collaborate, and test given solutions (D’Angelo et al., 1969). 
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Project-Based Learning is characterized by self-directed learning and extended 

engagement with learners. This method of instruction situates learning in a real-life 

situation and places heavy emphasis on reasoning strategies and collaboration (Buck 

Institute for Education, 2014).  PBL’s use of everyday experiences and problem solving 

exercises is a modern application of Dewey’s (2004) progressive educational paradigm. 

Dewey (2004) argues that knowledge is formed when the mind interacts with the world, 

and as these interactions or experiences increase, knowledge is created and refined.  

Actions come before words, and actions are symptoms of underlying beliefs (Dewey, 

2004).  Interactions with living things, exposure to actions and their consequences, and 

reflections on information revealed through experiences create the main components of 

Dewey’s (2004) progressive education model.  

Dewey (1938) applied the ideas of progressivism in a practical educational 

context. As a result of the Dewey’s (1938) beliefs that knowledge is formed through the 

mind’s interactions with experiences in the world, he argued against a passive approach 

to learning.  Dewey (1938) believed that knowledge is obtained through experiences and 

activities; therefore, all teachers should be charged with creating experiences and 

activities in formal educational settings to challenge students, spark creativity, and 

maintain the motivation to learn.  Dewey (1938) warned educators that the less formal 

education resembled the natural environment and students’ reality, the more student 

motivation will diminish because students learn best when knowledge is relatable to the 

surrounding environment.  Principles of Problem-Based Learning, including active 
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participation, practical application, and classroom environment, are derived from 

Dewey’s (1938) progressive model of education. 

The PBL approach also includes tenets of Vygotsky’s (1978) Sociocultural 

Theory; student collaboration is key. Vygotsky, a constructivist theorist, established the 

principles of Sociocultural Theory (Feldman, 1996). Liu and Chen (2010) explain that 

Vygotsky’s Sociocultural Theory describes how humans learn and process information 

and how students use their environment for learning. According to Vygotsky (1978), 

learning is not reiterating or modeling what has been previously communicated; 

contrarily, learning occurs when students utilize given information to discover and create 

more. Students demonstrate their understanding by constructing, creating, inventing, and 

developing (Vygotsky, 1978).  Schunk (2012) postulates that Vygotsky’s view of 

constructivism is about teaching students how to approach every situation with 

reasonable doubt and form personal statements of truth after the learner has discovered 

the principles for themselves.  The purpose of education is to teach students how to be 

active learners instead of passive recipients of information (Schunk, 2012).  Learning is a 

journey of discovery regardless of the content area (Elkind, 2004).  

 Vygotsky’s (1978) Sociocultural Theory is based on five principles: social 

interactions, construction of knowledge, self-regulation, language development, and the 

zone of proximal development. These principles are also key to PBL instruction.  The 

first and second principles, social interactions and construction of knowledge, are critical 

for student learning. Vygotsky (1978) argues that every function in the child’s cultural 

development appears twice, once on the social level, and then again on the individual 
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level. Students learn from interactions with others before they internalize understanding; 

therefore, the initial social interaction is critical for cognitive development and the 

construction of knowledge. Interactions that occur between students in joint activity are 

just as important to cognitive development as the activity itself (Vygotsky, 1978).    

The third principle of Sociocultural Theory is self-regulation.  Vygotsky (1978) 

posits that self-regulation is developed through internalization of a person’s actions and 

mental operations. Before students can master self-regulation, concepts need to be 

repeated numerous times so that a child can memorize or pay close attention to concepts.  

Students create an internal system to remember and apply newly learned information.  

Students then reach a higher mental function, which translates into improved cognitive 

development.  

The fourth principle is the importance of language, symbols, and other cultural 

connections required for human development. Vygotsky (1978) postulates teaching new 

information is most effective when taught in a cultural context using cultural objects of 

figures such as toys, books, or other culturally connected items.  Vygotsky (1978) 

maintains that language is the most important tool because language develops from 

social, private, and inner speech, and these forms of language self-regulate thoughts and 

actions needed for improvements in development. Each form of language contributes to 

the cognitive development within a person by creating a vehicle for initiating, directing, 

and inhibiting physical behavior and actions.  

The fifth principle of Sociocultural Theory is the zone of proximal development.  

The zone of proximal development (ZPD) is the distance between the actual 
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developmental level as determined by independent problem solving and the level of 

potential development as determined through problem solving under adult guidance, or in 

collaboration with more capable peers (Vygotsky, 1978). This concept of ZPD is central 

to instruction in a constructivist classroom.  Teachers must operate with students in the 

ZPD to increase cognitive development (Schunk, 2012). To determine ZPD, teachers 

must first assess the child’s IQ through a formal assessment or assignments that can be 

completed independently (Schunk, 2012). Once the ZPD has been determined, students 

interact with teachers or more advanced peers to expand knowledge and perform tasks in 

order to develop mastery by synthesizing, comparing, and differentiating similar ideas or 

concepts (Gredler, 2012).  In this process students begin with pre-concepts and slowly 

progress to more in-depth understanding by creating factual ties from prior knowledge to 

new information (Gredler, 2012).  

Statement of the Problem 

Pedagogical strategies common in today’s math classes are not producing 

proficient results amongst African American students (Ladson-Billings, 1997; McKinney 

& Frazier, 2008; Mullis, Martin, Foy, & Arora, 2012).  African American students are 

consistently performing below proficient levels on standardized tests, and the gap 

between African American and Caucasian students is not closing (Bandeira de Mello et 

al., 2015; Flores, 2007; National Council of Teachers of Mathematics, 2017). Project-

Based Learning (PBL) instruction has been proven to increased academic achievement 

(Buck Institute for Education, 2014); therefore, implementing a PBL approach could 
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potentially address concerns regarding African American students’ achievement in 

mathematics.  

Purpose of the Study 

The purpose of this study was to determine the effectiveness of a Project-Based 

Learning (PBL) approach for African American students with low academic performance 

in mathematics. PBL, a pragmatic approach to instruction, provides the opportunity to 

offer experiences and actions in the classroom to students whose lives do not allow a 

great deal of varied experiences (Dewey, 1938).   

The approach also provides students with an opportunity to interact with their 

peers about mathematics content. In PBL, pragmatic experience and an action-driven 

approach replace the traditional skills and drills approach that currently dominants in 

math classrooms, potentially increasing understanding and motivation for low performing 

students (Buck Institute for Education, 2014). The PBL approach connects mathematics 

content in a practical manner for the students and injects problem solving, math 

reasoning, and critical thinking skills into the mathematics classroom (Buck Institute for 

Education, 2014). The PBL approach also creates an environment suitable for students to 

interact with one another in social contexts, and these interactions help students develop 

their current knowledge of mathematics (Buck Institute for Education, 2014).   

Research Questions 

This study addressed the following research questions: 

1. How does Project-Based Learning impact academic achievement of African 

American students with low performance in mathematics? 
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2. What factors impact African American students’ motivation in a Project-Based 

Learning approach to mathematical instruction? 

Research Design 

 This mixed-methods study was designed in three phases in order to understand 

current challenges, implement a PBL approach, and evaluate the impact of the PBL 

approach.  In phase one, African American students that have historically performed 

below grade level in mathematics were chosen to complete a focus group interview.  

During the focus group, students were questioned about their general feelings towards 

mathematics, abilities in mathematics, feelings and experiences in PBL, and their overall 

likes and dislikes about their current classroom culture. Responses from the focus group 

were then used to create the lesson plans for the PBL unit.   

In phase two of the study, students underwent a series of mathematics PBL 

instruction that incorporated information gathered during phase one.  Phase two began 

with students being assessed prior to the PBL lessons.  The assessment was in the form of 

the quarterly benchmark assessment that is designed to track student proficiency levels in 

mathematics and language arts. During phase two, students participated in a PBL 

mathematics unit of instruction for six weeks. Weekly classroom observations were 

performed during the six weeks of instruction to observe peer-to-peer and teacher-to-

student interactions. At the end of phase two, students completed a second benchmark 

assessment.  

Phase three of this study included analysis of the results of the two benchmark 

assessments followed by a final interview with the focus group to determine their feelings 
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about PBL after completion of the unit. Quantitative data were collected through pre- and 

post-test scores, and qualitative data were collected through focus group responses and 

observation notes.  

Upon completion of all three phases, all data were compiled and analyzed in order 

determine the effectiveness of the PBL instructional unit.      

Limitations, Delimitations, and Assumptions 

 The research was conducted in a private-independent school in an urban 

community in the southeastern United States.  The study was limited to one school and 

one instructional content area so there will be limitations on replicating the study. This 

school setting was selected due to student demographics and the school’s transition to 

PBL instruction. The entire middle school was transitioning to a PBL model of 

instruction; therefore, all the sixth-grade students were required to receive PBL 

instruction before taking the benchmark assessments.  As a result, the study did not 

include a control group taught with a more traditional approach to mathematics 

instruction.  Future researchers may want to include more schools in studies and maintain 

a traditional instruction control group of students in order to compare the scores from the 

benchmark assessment of the PBL group to the scores from the traditional instruction 

group.   

 The study was limited to African American students participating in a general 

education mathematics classroom.  Sixth graders were the targeted population of students 

because they were new to PBL instruction at this school. This study was limited to sixth 

grade students; consequently, the results may not be transferrable to other middle school 
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grades, elementary, or high school students. The study took place over a six-week period, 

which was ample time to complete a PBL unit because benchmark assessments are given 

every six weeks. However, future studies may want to look at results based on an entire 

school year in order to measure progress from multiple benchmark assessments.   

 A focus group was used to collect qualitative data; therefore, the researcher was 

reliant upon the student’s honesty during group discussion.  The classroom teacher was 

not present during the focus groups, so students had an opportunity to speak freely 

without a fear of reprimand.  The students’ responses remained anonymous. During the 

focus groups, student responses were recorded with their permission in order to ensure 

accuracy; however, the knowledge that they were being recorded could have influenced 

students’ responses. The researcher assumed that students were able to accurately and 

honestly verbalize their thoughts and ideas during the focus group interviews.  The 

researcher assumed that students would participate in the six-week PBL unit, actively 

problem solve, and collaborate during group work.  

Significance and Rationale 

 According to the tenets of constructivism and progressivism, student academic 

achievement will increase as content becomes more relevant and interconnected to the 

environment surrounding the student (Dewey, 1938).  The idea of relevant content 

connected to an environment where students collaborate to solve multifaceted questions 

creates opportunities for deeper meaning and understanding to take place in mathematics. 

The study sought to provide an environment conducive for authentic PBL instruction in 

which students could perform to the best of their abilities.  
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The goal of the study was to determine whether African American student 

academic achievement and motivation could be impacted by PBL instruction.  Results of 

this study add to the literature about the effects of the PBL approach on a subgroup of the 

student population. Results from the study could help teachers, curriculum specialists, 

administrators, and policy makers improve the math proficiency of African American 

students.  Findings from the study could influence teachers’ mathematics classroom 

practices and mathematics teaching methodologies, as well as highlight strategies that 

impact student motivation and achievement. This study focused on Problem-Based 

Learning as a potential approach to improve achievement for students who have not fared 

well under current mathematics practices. 

Definition of Key Terms 

 In the context of this study, terms are used related to Problem-Based Learning, 

mathematics pedagogy, and student achievement. These terms are defined as follows:  

Academic achievement gap is the difference in academic performance between 

groups of students (Ladson-Billings, 1997).  In this study, the gap refers to the academic 

performance differences between African American and Caucasian students.  

Benchmark assessment is an interim assessment that is taken throughout the 

school year.  A benchmark assessment is designed as an indicator of students’ current 

proficiency levels in academic subjects. 

Extrinsic Motivation is “external motivations that lead a person to engage in an 

activity for the sake of outside reward or approval” (Martinez, 2010, p. 359).  
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Grade Equivalent Score is an estimate of a student’s current performance on a 

developmental continuum.  Grade equivalent scores are based on administered test 

content specific to development levels (Houghton Mifflin Harcourt, 2017). 

Intrinsic Motivation is “the emotional associations that lead a person to engage in 

an activity for its own sake, rather than for the rewards that lie outside the activity” 

(Martinez, 2010, p. 157) 

Iowa Test of Basic Skills is a nationally standardized achievement test for students 

K-12 (Houghton Mifflin Harcourt, 2017). 

 Math proficiency is a high degree of competence or skills in mathematics 

(Bandeira de Mello et al., 2015). The benchmark assessment used in this study measured 

students’ mathematics proficiency levels before and after the six-week PBL unit.  

Project-Based Learning is “a teaching method in which students gains knowledge 

and skills by working for an extended period to investigate and respond to a complex 

question, problem, or challenge” (Buck Institute for Education, 2014, para. 1). 

Summary 

 Twenty years ago, Ladson-Billings (1997) described the lack of achievement that 

African American students have historically experienced in mathematics, and 

unfortunately, this achievement gap still exists today (Bandeira de Mello et al., 2015).  

The purpose of this study was to investigate the effectiveness of the Project-Based 

Learning instructional approach for African American students who have historically 

performed below math proficiency levels. PBL may provide an opportunity for students 

to make connections between their environment and math concepts, and this connection 
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could increase problem solving and critical thinking skills. The study also sought to 

determine whether collaboration and student interaction with peers during PBL group 

work would increase student motivation.  Chapter One introduced the background of the 

study, along with the study’s problem, purpose, theoretical framework, research 

questions, design, and definitions of key terms.   Chapter Two presents a review of 

related literature. Chapter Three describes the study’s methodology, and Chapter Four 

presents the results of data analysis.  Chapter Five concludes with a discussion of 

findings, implications, and recommendations for future research.
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CHAPTER TWO 

REVIEW OF LITERATURE 

 African American students continue to lag in mathematics proficiency, and 

current mathematics instructional strategies focus primarily on drills and memorization 

instead of the development of mathematical reasoning and critical thinking skills 

(Bandeira de Mello et al., 2015; Ladson-Billings, 1997).  The purpose of this study was 

to determine whether the Problem-Based Learning (PBL) approach impacts math 

proficiency amongst African American students in the sixth grade.  PBL is designed to 

encourage connections with relevant content and social interaction with peers, motivate 

students, and provide an atmosphere that promotes critical thinking and reasoning. This 

study examined PBL as an instructional strategy to increase academic achievement and 

motivation in mathematics with African American students. 

Research Questions 

This study addressed the following research questions: 

1. How does Project-Based Learning impact academic achievement of African 

American students with low performance in mathematics? 

2. What factors impact African American students’ motivation in a Project-Based 

Learning approach to mathematical instruction? 
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Overview of the Literature Review 

This review of the literature is a summary of selected research surrounding the 

topics in the study and is the result of the utilization of several educational databases.  

Keywords and topics used in these searches included PBL instruction, mathematical 

pedagogy, African American students and mathematics, and the academic achievement 

gap.  Peer-reviewed journals, scholarly books, and various reports published by 

educational programs and researchers were selected for inclusion in this chapter.  

Section one focuses on the theoretical framework and classroom applications of 

Vygotsky’s (1978) Sociocultural Theory and Dewey’s (1938) progressive education 

model. Section two provides an explanation of the PBL approach to education through 

the lens of a progressive and Sociocultural Theory framework.  Sections three and four 

discuss the evolution of mathematics pedagogy and describe the ways in which African 

American students have performed historically in mathematics. Section five includes an 

overview of explanations for the mathematics proficiency deficits amongst African 

American students.  The final section discusses motivation and explains connections 

among motivation, academic achievement, and PBL instruction.  Figure 1 provides a 

visual synthesis of the literature review. 
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Theoretical Framework Overview 

 This section of the literature review provides an in-depth overview of two 

educational theories: The Progressive Education Paradigm and Sociocultural Theory.  

Dewey’s Progressive Education Paradigm 

The origins of Dewey’s progressive education paradigm stem from prior theorists’ 

exploring the connections among learning, knowledge, action, and the surrounding 
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environment (Biesta & Burbules, 2003). Kant was a philosopher who focused on the 

relationship between human experiences and reason (Leitch, 2010).  Kant (1798) argued 

that learners receive stimuli from their environment, and reason results from this 

environmental stimulation. Kant (1798) further argued that environmental interactions 

and ideas and thoughts must accompany one another to avoid theoretical illusions. This 

connection between the learner’s environment and reasoning is one of the basic principles 

that Dewey would later expound upon (Schunk, 2012).  

Dewey’s progressive view of education also has pragmatic origins, which began 

with the writings and research of William James and Charles Sanders Peirce (Biesta & 

Burbules, 2003). Pragmatism first became popular after James (1907) attempted to 

reconcile the differences between philosophers that argued for religion and those that 

argued the place for science in philosophy.  James (1907) posits that religion does not 

have to be abandoned for the sake of science because utilizing a pragmatic method to 

determine truth resolves any ambiguity between the two.  James (1907) emphasized 

creating instruments to test theories and explain any ideology or philosophy.  From this 

foundation of using practical, scientific instruments to reconcile complex ideas and 

philosophy, Peirce (1955) added his research, which was designed to create principles 

that clarified complex problems and hypothesis statements.  Cherryholmes (1992) states 

the goal was to search for laws that govern and explain human behavior.  Peirce (1955) 

argued that the ability to test a theory in a lab setting created laws that predicted and 

explained rational actions taken by any individual.  Peirce’s work improved the 

methodology philosophers used to prove or disprove any theory or idea (Cherryholmes, 
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1992).  James (1907) and Pierce (1955) contributed to the development of two 

foundational concepts of pragmatism. James advocated for the use of instruments to test 

theories and explain ideology, while Peirce developed a detailed methodology for 

problem solving (Biesta & Burbules, 2003).  These principles are key to addressing 

philosophical disputes and misconceptions, and are also basic principles of Dewey’s 

progressive education model (Cherryholmes, 1992).  

Dewey (1938) embraced the idea of structured methodology and the use of 

practical instruments, and added the idea of transactional realism to pragmatism theory. 

Rejecting the ideas of objectivism and subjectivism, Dewey (1938) argued that 

knowledge is formed when the mind interacts with the world, and as these interactions or 

experiences increase, knowledge is created and refined. Through this lens of practical 

application and methodical procedures, Dewey (1938) created a school model grounded 

in student interaction with life application and action-based educational instruction. 

Elmore (2011) states that Dewey’s progressive model of schooling provides a focus on 

real-world learning by “doing everything at once” (p.1): students problem-solve, 

collaborate, and create simultaneously for understanding and gaining knowledge.  Semel 

and Sadovnik (2008) describe Dewey’s progressive model as a curriculum committed to 

students’ individualism, developmental needs, and the obtaining of knowledge through 

direct experience.  

Two modern day applications of the model are present in research conducted by 

Neumann (2008) and Hale (2007).  Neumann (2008) conducted an ethnographic study on 

the ideas and practices that describe the structure and operation of High Tech High 
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(HTH), a charter school in California. Utilizing thirty hours of observations as well as 

interviews with administrators, teachers, and students, Neumann (2008) sought to analyze 

the school’s structure through the lens of a progressive education theoretical framework.  

Neumann (2008) concluded that the school differed greatly from other conventional 

public high schools because of the school’s progressive methods. The differences resulted 

in greater success in high levels of student achievement and higher enrollment of 

graduates in higher education institutions.   

Hale (2007) conducted research on the Freedom School Movement in Mississippi 

during the summer of 1964, also through a progressive theoretical framework lens.  

Utilizing historical documents from the Freedom School Movement, Hale (2007) 

concluded the Freedom Schools were a success due to the progressive approach.  The 

Freedom Schools curriculum was divided into multiple courses; however, the 

overarching purpose for the entire curriculum was to train the African American children 

of Mississippi to be civil rights workers and social change agents for their state.  The 

students were trained to ask questions and question reality to build their confidence, voter 

literacy, political organization skills, and academic basics. The school’s content was 

designed to implant habits of freethinking and to educate the African American people 

how a free society works in hopes of sparking a desire for change in Mississippi. This 

Progressive approach spoke to the people of Mississippi during this period and created 

success for the Freedom School Movement (Hale, 2007).  

Hale (2007) and Neumann (2008) concluded that the real-life application that 

Dewey’s education model offers to students creates a learning environment that links 
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immediate problems that students face to formal subject content.  This linkage 

encourages a high level of critical thinking, which leads to high levels of academic 

achievement for students. 

Sociocultural Theory  

Liu et al. (2010) argue that constructivism has experienced an evolution or a 

pendulum of sorts that is comprised of Vygotsky’s (1978) principles of the Sociocultural 

Theory, which form the social cognition branch of constructivism. Vygotsky (1978) 

explains the importance of social interactions amongst students in a classroom 

environment and argues that learning is connected to human social development; through 

dialogue, human interactions, and reflection, people construct knowledge.  Vygotsky 

(1978) states that interactions with other human beings is necessary in order for 

development and motivation to continue within a learner. Singh (2010) explains that 

interaction prevents isolation amongst learners and increases social and academic 

motivation. Vygotsky’s (1978) concept of the zone of proximal development (ZPD) 

describes the importance of a learner’s interaction with mentors and peers. Bandura 

(1997) argues that collaboration with more capable peers increases the learner’s self-

evaluation of capability and academic attainment, thus increasing self-efficacy.   

Vygotsky (1978) postulates that formal and informal social interactions can 

support students in furthering their understanding about any given topic or content area 

through conversations about the given topic.  These instructor-to-learner or peer-to-

learner interactions have the potential to create appropriate stimulation for learning to 

happen (Vygotsky, 1978). Deutsch (1993) explains that peer-to-learner interaction creates 
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an interdependence among students.  When working in groups, the learner benefits from 

working with others, and the learner is harmed if removed from the group and required to 

complete the assignment independently (Deutsch, 1993). Collaboration between peers 

creates a sense that all perform better with the group opposed to working independently 

(Deutsch, 1993). 

Jansen (2012) conducted an exploratory qualitative study on two sixth grade 

mathematics classrooms and concluded that peer-to-peer interaction offers benefits with 

mathematical reasoning amongst the individual students.  In the study, twelve students 

per class (N=24) were interviewed to determine what small group factors contributed to 

their increased mathematics reasoning skills. Based on the interviews, Jansen (2012) 

concluded that the small groups that required more resources than one student could 

possess created an interdependence amongst the students. To be successful, all the 

students had to increase their mathematical knowledge because one person could not 

complete the assignment alone.   

When studying student attitudes about mathematics after working in small groups, 

Qaisar, Dilshad, & Butt (2015) reached similar conclusions.  Qaisar et al. (2015) 

completed a year-long mixed-methods case study with students from two different 

schools utilizing interviews and a four-point Likert scale questionnaire.  Students’ mean 

score about their feelings towards mathematics increased from 1.90 to 3.14.  The students 

contributed the increase in positive feelings about mathematics to their ability to work in 

groups.  Before the implementation of group work, students referred to mathematics as 

boring and too difficult to understand.  However, after spending a year in a mathematics 
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classroom that utilized small groups, the students stated mathematics was fun because 

they could work with their friends. The students also stated that the peer-to-peer 

interaction made the concepts easier to understand.  Students could help one another, and 

different students contributed to their group’s success at different times throughout the 

year.  Social interactions with peers provided an opportunity for students to increase their 

knowledge as well as motive the students to learn more of the mathematics content 

(Qaisar et al., 2015). 

Studies by Lewis (2001) and Armstrong (2015) also focused on practical 

applications of Vygotsky’s Sociocultural Theory.  Lewis (2001) conducted a qualitative 

study with African American male students to determine whether student dialogue helped 

to develop literacy skills. Lewis (2001) sought to determine whether student dialogue 

could help to decrease the academic achievement gap in literacy for African American 

males, and found that peer-to-peer interactions about literacy standards increased literacy 

development.  Lewis (2001) explains that without the positive peer-to-peer interactions 

about a given text, students’ literacy development was reduced, and students became 

unmotivated to learn literacy concepts.  Armstrong (2015) conducted a qualitative study 

focused on social interactions with peers as a strategy for decreasing social science 

understanding gaps amongst college students.  Armstrong (2015) reviewed 14 

undergraduate student reflections and completed a student focus group with these same 

students to determine if positive social interactions would improve student understanding 

about social science content.  Based on the student responses, Armstrong (2015) 
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concluded that concepts came alive for students through interaction with others; students 

felt that they had a better holistic view of concepts after discussions with their peers.  

Constructivist Pragmatism  

The work of Dewey (1938) and Vygotsky (1978) shaped the evolution of 

contemporary constructivism and pragmatism theories.  Three principles from these 

theories inform practices that educators utilize to conduct instruction in constructivist 

classrooms (Schunk, 2012). The first principle is the importance of an active learning 

environment for all students (Schunk, 2012).  Both Dewey (1938) and Vygotsky (1978) 

decry passive learning, arguing that passive learning leads to shallow understanding and 

simple memorization that fades shortly after the introduction of a new concept.  Second, 

classes should be student-centered versus teacher-centered; the role of the teacher should 

not be a lecturer but rather a facilitator of learning (Schunk, 2012). A student-centered 

classroom is formed by creating situations in the classroom where learners are actively 

engaged through action-based instruction with relevant information and social 

interactions (Schunk, 2012). Third, learning should be placed in context to maximize 

cognitive development; this requires teachers to teach in an interdisciplinary manner and 

to utilize a wide variety of environments in order to expose students to an array of 

circumstances and interactions with the world around them (Schunk, 2012).   

These constructivist principles guide different forms of practical applications in 

today’s classroom settings. Case-based, discovery, inquiry-based, Problem-Based 

Learning, and Project-Based Learning are instructional approaches influenced by the 

work of Dewey and Vygotsky that exhibit the basic principles of constructivist 
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pragmatism (D’Angelo et al., 1969).  A key aspect of these approaches is the role of 

teachers as facilitators; teachers model effective learning and reasoning strategies while 

ensuring that all students are involved in the learning process (D’Angelo et al., 1969).   

This study focused on the Project-Based Learning approach to instruction. In 

Project-Based Learning, students create a tangible, meaningful artifact in answer to a 

driving question (Buck Institute for Education, 2014). Students are involved in 

constructing deep understanding as they engage with ideas needed to complete their 

projects (D’Angelo et al., 1969).  Students are assigned a driving question that requires 

their response, and explore that question through inquiry and collaboration with 

classmates (Buck Institute for Education, 2014).  During the exploration stage, students 

utilize technology and authentic activities that aid in the discovery process (Buck Institute 

for Education, 2014). In the end, students create an artifact to address the driving 

question (Buck Institute for Education, 2014). The Project-Based Learning approach 

situates learning in a real-life situation and places heavy emphasis on reasoning and 

learning strategies (Buck Institute for Education, 2014). Research has shown that Project-

Based Learning has great potential for student motivation and authentic assessment 

(Buck Institute for Education, 2014). 

Project-Based Learning 

The Project-Based Learning (PBL) method of instruction gained recognition due 

to the success of instructors using the method to build students’ critical thinking and 

reasoning skills (D’Angelo et al., 1969). Today, educators seek methods of instruction 

that increase students’ critical thinking, reasoning, and problem-solving skills, and PBL 
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offers proven results and practical application (Hallinger, 2005). PBL was developed in 

the K-12 environment out of a need for students to retain and understand more of the 

information that had been presented during class (Hallinger, 2005). Sullivan & 

McDonough (2007) state that students perform better with PBL curriculum due to its 

real-life application and connection to their world outside of school.    

Beckett and Miller (2006) completed an empirical and conceptual study on PBL 

instruction in a secondary education setting and determined that PBL was more effective 

than traditional methods for teaching students the foundations of a foreign language.  

They found that through teaching-learning dialogues and real-life connections with the 

language, PBL instruction created authentic experiences for students.  Beckett and Miller 

(2006) suggest that the creation of authentic experiences may increase student 

understanding in other academic core content areas as well as foreign language. 

In a one-year qualitative study in Pine Haven Elementary, Hertzog (2005) 

examined the implementation of PBL school-wide to determine whether the instructional 

approach increased levels of achievement and helped to recognize potential in a minority 

and low-income student population that is typically underserved in gifted programs.  The 

researcher observed minority students from three of the six PBL classrooms from Pine 

Haven Elementary. Using data from teacher and administrator interviews, classroom 

observations of students engaged in PBL investigations, field notes from whole-staff 

meetings, and the evaluation report of the school reform efforts, Hertzog (2005) 

determined that minorities and low socioeconomic status students demonstrated higher 

academic achievement with a PBL approach because of the authentic experiences the 
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students could gain in the classroom.  The experiences provided students the ability to 

make deeper connections to academic content, allowing them to perform well enough to 

be considered for the schools’ gifted program (Hertzog, 2005).  

Reinhart (2000) conducted a qualitative study that allowed students to provide 

responses to open-ended questions about PBL, and found that students enjoyed PBL 

classes because real-word connections were present. Reinhart (2000) concluded that 

students’ enjoyment came from their ability to talk to one another about mathematical 

connections instead of only talking with their teacher. The students preferred the 

combination of group and independent work sessions because the group work provided 

opportunities for social interaction, and the independent work allowed them to make 

critical connections to the assigned content; PBL classes included both group and 

independent work, which motivated students throughout the process (Reinhart, 2000).      

After completing a qualitative case study of five participating eighth grade 

students who were engaged in a Project-Based Learning mathematics classroom, Grant 

and Hill (2006) discovered that the PBL atmosphere created an environment rich with 

differentiated instruction for all the students.  The teachers in the Grant and Hill (2006) 

study created opportunities for open-ended learning and created a place for students to 

control their own learning environment while students were charged with making their 

own decisions through an inquiry process. Grant and Hill (2006) revealed that the 

students developed more metacognitive and self-regulatory skills and increased their 

ability to solve complicated mathematical word problems.   
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Mergendoller and Thomas (2001) describe the process of students making their 

own decisions as “student self-management” (p. 1) and argue that Project-Based Learning 

creates a culture that emphasizes and promotes self-management, which ultimately 

creates independent, critical thinking students.  Foster (2003) states that Project-Based 

Learning instruction provides opportunities for teachers to support students in the 

students’ creation process, thus creating an environment for self-management.  Foster 

(2003) also states that students create and produce complicated and important works 

during PBL, and this form of education mimics what students will need to know in their 

careers after their formal education years have ended.   

In their year-long mixed-method study, Parker, Mosborg, Bransford, Vye, 

Wilkerson, and Abbott (2011) made the argument that in the age of accountability, 

students’ ability to perform well on standardized tests is a key consideration for the 

implementation of Project-Based Learning in most classrooms. Parker et al. (2011) 

conducted a year-long mixed-method study with 314 students in an Advanced Placement 

United States Government and Politics course at three different high schools, and 

discovered students performed better on the AP exam after the students had been 

instructed through Project-Based Learning methods.  Parker et al. (2011) concluded that 

not only did the PBL instruction lead to higher test scores, but students also exhibited 

deeper conceptual learning in the course content.    

Turns, Cuddihy, and Guan (2010) reached similar conclusions from their 

qualitative study on PBL learning instruction in a high school engineering course. They 

interviewed 13 students who were taught through Project-Based Learning and were 
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required to complete a small-scale portfolio assignment as the culminating task in the 

class.  Turns et al. (2010) discovered that the students had a deeper understanding of the 

content covered in the classroom because of the Project-Based Learning instruction and 

the portfolio assignment, which ultimately led to higher test scores for the participants.  

During a mixed-method study conducted with 1,921 Hong Kong secondary 

students, Wing-yi, Lam, and Chung-yan Chan (2008) observed similar increased test 

results amongst students after Project-Based Learning instruction. Wing-yi et al. (2008) 

contributed a great deal of the students’ improvements to the use of heterogeneity 

grouping in Project-Based Learning instruction, arguing that the groups created benefits 

for both high and low performing students.  Darling-Hammond (2012) states that students 

who work in groups outperform individuals on learning tasks and concludes that Project-

Based Learning adds value to improve student performance with 21st century skills and 

knowledge for standardized tests. 

A number of studies point specifically to success with PBL instruction in 

mathematics classrooms. Boaler (1997) studied two middle schools that taught 

mathematics in two different ways.  One school used a traditional method of instruction 

and the other used a more progressive model of Project-Based Learning. After this three-

year ethnographic study, Boaler (1997) found that 75% of students at the traditional, 

positivist school were below the national average in mathematics, and student interviews 

revealed that students experienced a lack of motivation to complete assignments.   In the 

progressive model school, the students were reported to be more independent learners 

and more keen with their decision-making skills, and more of the progressive model 
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students scored on or above the national average in mathematics (Boaler, 1997).  Female 

participants in this study stated they enjoyed the progressive methods because the PBL 

instruction brought meaning and real-life application to mathematics, which was missing 

before PBL was implemented (Boaler, 1997).   

Delisle (2009) reached similar conclusions about Project-Based Learning while 

researching PBL’s effectiveness in increasing critical thinking and problem solving in the 

mathematics classroom.  Delisle (2009) argues that teachers can create meaningful 

experiences and real-life application from mathematical content in a Project-Based 

Learning atmosphere, thus improving student math proficiency.  Delisle (2009) states that 

real-life application leads to extended engagement by students, which is added value in a 

mathematics class.  

Although research has been conducted on the effects of PBL instruction in 

mathematics, none of the published studies have explored how Project-Based Learning 

impacts African American middle school students who have performed poorly in 

mathematics classes prior to participating in PBL.  This dissertation study sought to help 

fill this research gap by examining the potential of PBL to close the existing mathematics 

academic achievement gap between Caucasian and African American students. 

Current Middle School Mathematics Pedagogy 

Historically, mathematics has been categorized as a universal language that 

transcends across different languages and cultures; therefore, teachers have made little 

attempt to make mathematics classrooms culturally relevant for students (Ukpokodu, 

2011). Mathematics classrooms are known for the practice of skills and drills, repetition 
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of problems, and the regurgitation of steps that lead to one solution (Ukpokodu, 2011).  

McKinney and Frazier (2008) completed a qualitative study of 64 teachers who taught 

middle school mathematics in high poverty areas and discovered that 78% of the teachers 

used drill and practice methods and favored daily computational drills as a key 

component to their methodology. Although the teachers recognized their students’ 

performance did not demonstrate mastery after the classroom practices, the teachers 

continued to utilize the practices during the majority of the class time (McKinney & 

Frazier, 2008).   

Patterson, Connolly, & Ritter (2009) report that mathematics teachers in their 

study exhibited the same classroom structure of skills and drills practices.  During the 

study, most of the class sessions began with a new problem or skill followed by a 

demonstration from the teacher as to how to solve the problem. The demonstration was 

then followed by guided practice, and each class session ended with time for the students 

to practice the new concept.  Although the students did not demonstrate increased 

knowledge or mastery of the concepts, all of the teachers continued to use the same 

traditional methods (Patterson et al., 2009).    

 After researching 45 participating teachers from an urban school system, 

Ukpokodu (2011) drew two conclusions about the reason why teachers used traditional 

methods of instruction. The first was the teachers felt they had mastered the process of 

teaching from a textbook; therefore, they chose to teach from a level of comfort. The 

second was other forms of instruction posed more stress on the teacher and added work 

for them. The teachers were utilizing practices that were more comfortable for them 
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opposed to what was working for the students (Ukpokodu, 2011).  The findings 

correlated with a study of 11 novice teachers, which revealed that teachers felt stressed 

when encouraged to modify traditional classroom mathematics instruction; thus, they 

chose to maintain traditional behaviors unless they were provided support from other 

sources including mathematics colleagues (Lewis, 2014). Ukpokodu (2011) posits 

another reason for the use of skills and drills is teachers’ perception about standardized 

tests. The teachers felt their students had the best chance to perform well on the state-

issued standardized test when instruction was textbook driven and filled with repetition 

and regurgitation of facts and figures, and feared that other forms of instruction would 

further reduce test scores (Ukpokodu, 2011). 

Although the traditional methods of mathematics instruction continue to dominate 

classrooms in the United States, research shows that traditional methods are not the most 

effective. Munns (2007) argues that traditional methods of instruction lower student 

engagement because students lack a voice in traditional classrooms.  Munns (2007) states 

that the lack of student voice in the mathematics classroom leads to missed opportunities 

for students to be transformed into a community of learners.  Boaler (2000) states that 

traditional methods of instruction discourage meaning, student engagement, and overall 

understanding for the students.  Boaler (2000) explains that students are part of a larger 

community, and mathematics instruction must be an extension of that community in 

order for the concepts to have meaning for the students. Lowrie (2004) explains that 

concepts become relevant when they are connected to the world outside of the classroom; 

therefore, when mathematics concepts lack relevance, students become disengaged in the 
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learning process and are unmotivated to learn.  Megowan-Romanowicz, Middleton, 

Ganesh, & Joanou (2013) state that students began to care less about mathematics until 

the mathematics topics became relevant and connected to real-life for the students.  

Traditional methods of instruction cause many students to become disengaged and 

uninterested in learning mathematics; consequently, researchers have sought alternative 

mathematics pedagogy. Reinhart (2000) explains that middle school students demonstrate 

the highest levels of motivation when the students talk more and the teachers talk less, 

and that the best teaching practices involve asking detailed questions and allowing time 

for the students to respond.  Reinhart (2000) argues that working together in 

mathematical groups also creates independent learners; therefore, teaching mathematics 

in group settings where students can communicate with one another about the given 

topics is an effective strategy for middle school students.  Based on their two-year 

ethnographical case study in an urban school, Megowan-Romanowicz et al. (2013) reveal 

that students perform better in mathematics when allowed to work in groups where each 

student is responsible for portions of the assignment. In this study, students were not 

allowed to hide behind other students during group work; instead, everyone had to 

participate and become actively engaged in the assigned tasks, and this engagement 

caused performance levels to increase (Megowan-Romanowicz et al., 2013).   

In their qualitative study of 18 students in a mathematics middle school inclusion 

class, Patterson et al. (2009) found that mathematics grouping supported all types of 

learners.  In the study, students were divided into heterogeneous groups during a 90-

minute class time, and each group received differentiated instruction, which resulted in 
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increased student learning based on the quarterly mathematics benchmark assessment.  

During the early weeks of school, two-thirds of the class were performing below grade 

level; however, after interaction with the heterogeneous groups, sixty percent of the class 

made improvements on the benchmark assessment (Patterson et al., 2009). 

Through their work with heterogeneous grouping in mathematics classrooms, 

Megowan-Romanowicz et al. (2013) found that students performed better in classes that 

encouraged the development of reasoning skills and skill demonstration instead of 

regurgitation only.  Yetkiner et al. (2008) explain that reasoning skills are developed by 

students in classrooms that create different scenarios for students to learn, explain, and 

work with others to complete open-ended mathematical tasks.  Yetkiner et al. (2008) 

argue that classes with open-ended tasks create environments where students are highly 

motivated to perform well in mathematics.  After completing a longitudinal case study 

that was designed to investigate the problem of low engagement with mathematics 

students, Attard (2013) postulates that the best math pedagogy involves making 

mathematics fun, and fun mathematics equates to mathematics that is relevant and 

connected to the everyday lives of the students involved in the learning process. 

Traditional pedagogical practices in mathematics classrooms are producing 

unmotivated students who perform below math proficient levels (Ukpokodu, 2011); 

however, alternative methods are producing improved mathematics proficiency levels in 

all student populations (Megowan-Romanowicz et al., 2013). In light of staggering 

statistics about African American student performance in mathematics (Ukpokodu, 

2011), researchers are on a mission to uncover reasons for the low performance and to 
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find interventions that will increase student success (Megowan-Romanowicz et al., 

2013). Consequently, the purpose of this study is to determine whether Problem-Based 

Learning has the potential to increase success in mathematics for African American 

students.  

African American Student Performance in Mathematics 

 In 1983, the Nation at Risk report sparked national attention on educational 

standards across the country, and policy makers were anxious to hold classroom 

instructors and administrators accountable for student academic performance (Gardner, 

1983).  By 2001, Congress had passed the No Child Left Behind Act (NCLB), which 

required all students from third to eighth grade to be tested yearly in the areas of 

mathematics and reading. Since this bill’s passing, standardized testing has become the 

measuring tool for student performance in the middle school mathematics classroom 

(Braun & Vezzu, 2010).  Results from these standardized assessments showed that 

African American students were performing below Caucasian students at disturbing 

levels (Braun & Vezzu, 2010).  According to standardized test scores, 91% of African 

American students are not proficient in mathematics (Braun & Vezzu, 2010).  The 

Education Trust (2006) reports that African American 12th grade students are performing 

at the same level as eighth grade Caucasian students in mathematics. The National Center 

for Education Statistics (2015) reports that although African American students have 

shown improvement in mathematics since the time of segregated schools, there has been 

little change in the gap that exists in mathematics achievement between Caucasian and 

African American students.  
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NCLB and more recent initiatives such as Race to the Top were designed to 

improve the achievement of students who are not meeting proficiency levels in 

mathematics; however, NCLB has done little to change the achievement gap that exists 

between Caucasian and African American students (Braun et al., 2010). In a study of ten 

states working to improve African American student performance under the NCLB 

initiative, Braun et al. (2010) discovered that different states focused on different aspects 

of the initiative; however, regardless of the focused area, the results were the same: there 

were no improvements amongst African American mathematics students.  

Explaining the Deficit in Mathematical Proficiency 

Why are African American students performing well below their counterparts in 

mathematics and showing minimal signs of gains?  Patterson, Mickelson, Petersen, and 

Gross (2008) posit that the education provided to African American students before 

desegregation may be a contributing factor in present day achievement gaps.  Former 

students from a segregated, all-black school in southwest Kansas participated in Patterson 

et al.’s (2008) study and described the conditions of the schools they attended as children. 

Interviewees explained that the textbooks in the black schools were never new. Teachers 

were often forced to teach from discontinued textbooks that had been discarded from the 

white-only schools.  The interviewees stated that although teacher expectations to learn 

were high throughout the school, the resources available for instructional support were 

limited or nonexistent.  Teachers often taught using the environment and personal 

connections to deliver the content, which was different approach than teachers used at the 

white-only schools where the African American children would later be placed.  In 
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addition to limited resources, the all-black schools’ African American teachers had 

limited education and limited content knowledge (Lash & Ratcliffe, 2014).  After the 

Supreme Court’s 1954 ruling of Brown vs Board of Education, African American 

educators were required to pass competency tests to teach at historically white schools; 

however, many of the African American teachers never entered the white-only schools 

because they were unable to pass the competency tests (Lash & Ratcliffe, 2014). The 

teachers’ inability to pass the competency tests led to the belief that African American 

teachers lacked the basic skills needed to fully prepare children in core content areas such 

as mathematics (Lash & Ratcliffe, 2014).   

The idea that pre-desegregation school factors may contribute to current day 

achievement gaps is highly disputed.  Pellegrino, Mann, and Russell (2013) argue that 

while the black schools lacked resources for instruction, school officials hired loving 

teachers, effective administrators, and educators that had high academic expectations for 

all their students.  Pellegrino et al. (2013) also argue that African American educators 

were often trained by Caucasian educators that were sensitive to black America’s plight; 

therefore, African American educators were equipped with the same knowledge as 

Caucasian educators.  Pellegrino et al. (2013) posit that African American teachers failed 

to pass the competency tests because the tests were intentionally skewed towards 

Caucasian teachers in order to restrict the number of African American teachers placed in 

historically white schools.  Sitkoff (2001) states that black schools were grounded in a 

desire for all students to learn in hopes that the education would lead to additional 

freedoms and equal rights as citizens in the United States, and this pursuit for equality led 



 

 

 

 

39 

to well-prepared African American students.  Sitkoff (2001) argues that African 

American students felt well-prepared to enter historically white schools after segregation 

ended in the United States.   

Hallinan and Kubitschek (2010) argue the problem goes beyond a history of 

segregation.  Based on their longitudinal study of public and Catholic middle school 

students in and around Chicago, Hallinan and Kubitschek (2010) posit that poverty is the 

main reason for the achievement gap that exists between African American and 

Caucasian students.  Approximately 10% of Caucasian students are born in poverty, 

while 39% of African American students are born in poverty (Madyun, 2011).  Due to the 

large number of poverty-stricken homes, more African American students have less of an 

academic foundation, less engagement with active and involved parents, and fewer 

opportunities for exposure to life experiences that would support a better understanding 

of mathematics concepts (Hallinan & Kubitschek, 2010).  

Burney and Beilke (2008) argue that the high level of poverty in African 

American communities restricts academic achievement and unless African American 

students from poverty stricken areas receive additional academic support as early as 

kindergarten, the students will have difficulty in achieving academic success.  Burney 

and Beilke (2008) suggest that professional development for all educators is needed in 

order for them to support students in overcoming the limitations that poverty places on 

African American children, and without professional development, teachers will be ill-

equipped to support children from poverty-stricken homes.  Madyun (2011) posits that 

poverty-stricken homes often have less adult supervision for children, weaker social ties 
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among educators and parents, and minimum resources; these problems create an 

environment that is not conducive for academic success.  A gap in standardized test 

scores exists between impoverished and non-impoverished students regardless of race or 

nationality; only 13% of impoverished students perform on a proficient level on 

standardized tests in mathematics regardless of race or ethnicity (Flores, 2007).  

Other factors may contribute to the academic deficit. Ladson-Billings (1997) 

explains that performing poorly in mathematics is often culturally accepted in the African 

American community, and math students, as well as their parents, view math as too 

difficult to understand. The parental view of mathematics may be key to student success 

(Noble & Morton, 2013). Ladson-Billings (1997) explains that when parents have 

negative views about mathematics, their expectations for success is minimal, thereby 

creating an environment that communicates low expectations in mathematics for children 

of color.  Low parental expectations coupled with low teacher expectations create a 

formula for minimum academic achievement in mathematics for African American 

students (Ladson-Billings, 1997).  Tomlinson and Jarvis (2014) describe low expectations 

for minority students as the deficit paradigm.  The deficit paradigm is the belief that 

intelligence and temperament differences between racial groups are the innate, and 

students from minority groups are less likely to achieve high levels of academic success 

compared to more dominant cultural groups because of a lack of intelligence and inability 

to thrive in a classroom setting (Tomlinson & Jarvis, 2014). The deficit paradigm 

contributes to the achievement gap by creating low teacher expectations that translate into 
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low level curriculum and instruction practices in the classroom (Tomlinson & Jarvis, 

2014).   

In a study of 933 African American middle school students, Woolley, Strutchens, 

Gilbert, and Martin (2010) found that teacher expectations have a direct correlation to 

student mathematics performance. Utilizing a student report survey (five items,  = .88) 

and standardized mathematics test scores to examine mathematics performance and 

teacher expectations, the researchers found that teacher expectations had a .52 correlation 

with students’ confidence in mathematics (p < .001), and students that reported having 

teachers with high expectations produced increased SAT-10 standardized test scores 

amongst the African American children when compared to students whose teachers had 

low expectations (Woolley et al., 2010).  

Ladson-Billings (1997) argues that cultural fear of mathematics and low 

expectations for African American students are further exacerbated by prevailing 

pedagogy in mathematics classrooms, including repetition, drills, and right-answer 

thinking opposed to problem solving and critical thinking exercises.  Math concepts have 

become divorced from everyday experiences, and many teachers lack the skills necessary 

to successfully teach mathematics (Wenglinsky, 2002).  Traditional instructional 

practices such as rote memorization and the detachment of mathematics concepts from 

everyday life are creating a group of students ill-prepared for math problem solving 

(Lowrie, 2004; McKinney & Frazier, 2008). Ladson-Billings (1997) argues that teachers 

who teach through a rote approach spend more time focusing on classroom management 

and mundane tasks instead of including relevant content to minimize off-task behavior of 
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students. Flores (2007) states that a rote approach creates a lack of opportunities for 

African American in mathematics classrooms.  

Although the rote approach to instruction seems to dominate instruction time in 

the African American student experience, a simple search of tools that are designed to 

support mathematical reasoning produces a wealth of strategies and resources that are 

available to mathematics teachers (Frayer, Frederick, & Klausmeier, 1969; Lovitt & 

Horton, 1994; Reimer & Reimer, 2005) The Frayer Vocabulary Model, a concept map 

that enables students to make rational connections to vocabulary words, including 

mathematics vocabulary, is ideal for helping students make connections to abstract 

mathematics concepts, thus improving mathematical reasoning (Frayer, Frederick, & 

Klausmeier, 1969).  Additionally, other graphic organizers have been designed to support 

students in analyzing information for problem solving (Lovitt & Horton, 1994).  Graphic 

organizers and reasoning tools used in conjunction with collaborative strategies like 

discuss and share, students working in pairs to explain and defend given answers, and 

cooperative learning groups in which students work in groups to complete a designated 

assignment, have proven to strengthen student comprehension in mathematics (Reimer 

&Reimer, 2005). Recent digital resources such as Khan Academy and That Tutor Guy 

provide a host of videos and countless math examples that support students with 

mathematical reasoning. However, Flores (2007) argues that African American students 

have less opportunity to receive instruction from teachers whose practices are 

pedagogically sound and uses additional resources to support student learning.  The 

majority of teachers working in areas where most African American students attend 
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school are inexperienced and have questionable backgrounds in mathematics; 

consequently, many of these teachers turn to the rote approach due to their lack of 

understanding of the best ways to teach mathematics (Flores, 2007).  Flores (2007) also 

found that these teachers have low expectations for their African American students; 

therefore, they decrease rigor in their classrooms.  

Overcoming restraints that poverty and cultural biasness about mathematics place 

on academic achievement requires a pedagogical approach to instruction that promotes 

student motivation and focuses on in-depth mathematics content from teachers that are 

dedicated to presenting the information through best teaching practices and eliminating 

traditional rote learning experience (Flores, 2007). When teachers use a rote skills and 

drills approach for mathematics, students lose motivation and perform below proficiency 

levels in standardized assessments (Flores, 2007).  

Student Motivation and Academic Achievement 

Two types of motivation lead a person to act. The first is intrinsic motivation, 

which has been defined as “the emotional associations that lead a person to engage in an 

activity for its own sake, rather than for the rewards that lie outside the activity” 

(Martinez, 2010, p. 157).  Wery and Thomas (2013) state that intrinsic motivation begins 

within the student and causes the student to participate out of curiosity, a need to know, 

or a desire to grow in understanding. With intrinsic motivation, a reward is not needed at 

the end of the task because the desire to complete the task came from within the 

individual, thus making this form of motivation the most correlated to long-term 

academic achievement (Wery & Thomas, 2013).  
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Conversely, extrinsic motivations “lead a person to engage in an activity for the 

sake of outside reward or approval” (Martinez, 2010, p. 359).  Wery and Thomas (2013) 

state that extrinsic motivation is a means to an end because students complete a task 

simply to gain the reward that comes with completion of the task. Students do not 

continue to perform at their highest level when extrinsic motivation is the only form of 

motivation present; however, this motivation is a starting point for action (Martinez, 

2010).  Too much extrinsic motivation can lead to diminish intrinsic motivation; 

therefore, the key for teachers is to use extrinsic to peak interest and then allow for 

intrinsic motivation to assist in the engagement process until completion (Wery & 

Thomas, 2013).     

Intrinsic and extrinsic motivation in the context of Project-Based Learning 

instruction can be viewed through concepts of self-efficacy and self-worth. Bandura 

(1977), the father of Social Cognitive Theory, defined self-efficacy as a belief in one’s 

abilities to organize and execute the courses of action required to complete a task. Based 

on his research, Bandura (1977) posits that one’s self-efficacy judgment is based on 

different external and internal factors, and this judgment impacts performance and 

actions. Bandura (1997) believes that everyone has a self-efficacy judgment, and that four 

main areas that impact this personal judgment. This first area that impacts this judgment 

includes personal experiences and accomplishments. The more success a person has in an 

area, the higher their self-efficacy; however, past failures result in lower self-efficacy 

(Bandura, 1977).  The second area involves modeling by others.  Bandura (1977) posits 

that modeling resulting in positive outcomes creates higher levels of self-efficacy in 
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others to perform the same task, but modeling resulting in failures produces doubt in their 

ability to perform the same task.  The third area is coaching and feedback.  One’s self-

efficacy judgment can increase or decrease depending upon the response from others 

concerning the current skill set.  Self-efficacy will increase as a third party that has 

knowledge in the given area gives constructive feedback (Bandura, 1977).  The final area 

of self-efficacy is the emotional and physiological state of the person.  The more a person 

can stabilize their emotional response to a task, the higher the self-efficacy (Bandura, 

1991).  All of these factors impact the self-efficacy judgment of a person, which in turns 

impacts how well the person performs the task; Bandura (1991) defined this process as a 

self-system. Self-Worth Theory also relates to motivation.  Schunk (2008) describes Self-

Worth Theory as an individual’s desire to be viewed as successful; to preserve self-worth, 

people will demonstrate ability or perform an action to demonstrate to their value to 

others.  Both self-efficacy and self-worth describe actions driven by a desire to maintain 

personal significance (Schunk, 2008). 

Motivation is a driving force behind a call for action, and students need 

motivation in order to be successful in a Project-Based Learning classroom (Buck 

Institute for Education, 2014).  According to Bandura (1977), students with higher self-

efficacy will have the motivation to become active participants in the learning process, 

and in the PBL approach, teachers need willing students that are prepared to be active 

participants in their academic success.  According to Vygotsky (1978), learning is not 

reiterating or modeling what has been previously communicated; rather, learning occurs 

when the students utilize given information to discover and create more.  
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McKinney and Frazier (2008) argue that pedagogy that is engaging, inquiry-

driven, and supports diversity will appeal to an audience of students who do not normally 

perform at proficient levels. Anderman and Midgley (1997) state that middle school 

students lose motivation in the transition from elementary to middle school because the 

learning environment changes, and the change is less conducive to maintaining student 

motivation. Students are motivated when they can initiate and regulate the actions that 

take place in the classroom (Anderman and Midgley, 1997). In student-regulated 

classrooms, the students are included in the decision-making process, and the teachers 

only intercede in the learning process when students need support with breaking down 

large tasks or assignments into smaller manageable portions Anderman and Midgley, 

1997. Megowan-Romanowicz et al. (2013) discovered that African American students 

were more motivated to learn mathematical concepts when they could explain or defend 

their answers throughout the learning process; students enjoyed the explaining and 

defending of their answers, and worked hard to arrive at a final solution. Megowan-

Romanowicz et al. (2013) state that African American students perform best in social 

environments where their culture has been infused; consequently, the best setting for 

mathematical concepts to be taught should include aspects of the African American 

community and ongoing active communication between peers in the classroom.  

Wery and Thomas (2013) outlined the importance of incorporating real-world 

projects into the classroom in order to increase students’ intrinsic motivation.  Real-world 

projects encourage students to be engaged in their own learning, as active participation 

increases students’ motivation to learn the content (Wery & Thomas, 2013).  Wery and 
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Thomas (2013) conclude that passive learning leads to decreases in intrinsic motivation 

and overall academic performance. Hung, Hwang, and Huang (2012) investigated the 

effects of PBL instruction on improving student motivation and academic achievement 

with a quasi-experiment of 117 fifth grade students.  They concluded the PBL approach 

improved the learning motivation, attitude, problem solving capacity, and learning 

achievements of the students in the study.  The students involved in the experimental 

group stated they thought the PBL approach to instruction was helpful because the final 

product was so fun and interesting that they were motivated to complete the assignment 

(Hung, Hwang, & Huang, 2012). 

Can the PBL approach become an alternative method of instruction to increase 

math proficiency levels within African American student who consistently perform below 

their Caucasian counterparts? Can the PBL approach create a classroom culture and 

approach to instruction that allows for peer-to-peer interactions and cultural relevance, 

leading to higher mathematics achievement by African American students?  These 

questions drove this study.  It is important to note, however, that this researcher does not 

support the notion certain mathematics instructional approaches are specific to African 

American students.  The belief of the researcher is that evidence-based classroom 

practices should be implemented to promote the math proficiency of all students, 

especially those that have historically performed below minimum standards, including 

African American students in the area of mathematics. 
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Summary 

This chapter provided a comprehensive review of literature related to the 

Sociocultural Theory, the progressive education model, Project-Based Learning, 

mathematics pedagogy, and African American students’ performance in mathematics.  

Sociocultural Theory explains the importance of peer-to-peer social interactions in 

academic performance and student motivation, while Dewey’s progressive education 

paradigm describes the importance of real-life application for academic achievement and 

student motivation (Dewey, 1938; Vygotsky, 1978). Historically, African American 

students perform below math proficiency levels; however, the PBL approach has the 

potential to improve this trend (Buck Institute for Education, 2014).  The PBL approach 

has demonstrated effectiveness in the K-12 classroom; therefore, the study questions 

whether the PBL approach has the potential to motivate and produce high academic 

achievement for low performing African American students in a middle school 

mathematics classroom.  The following chapter describes the methodology of the study, 

including the setting, participants, data collection method, data analysis, and validity and 

reliability of the study.    
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CHAPTER 3 

METHODOLOGY 

  African American students continue to lag in mathematics proficiency, and many 

middle school students struggle to develop the mathematical reasoning and critical 

thinking skills needed for academic success.  While traditional mathematics pedagogy 

has proven to be ineffective, Project-Based Learning has emerged as a potential approach 

for engaging and motivating students (Buck Institute for Education, 2014).  This study 

looked to determine whether the Project-Base Learning (PBL) approach impacts math 

proficiency with African American students.  

Problem and Purpose 

 African American students are performing below their current grade level in 

mathematics at alarming rates (Bandeira de Mello et al., 2015). The purpose of the study 

was to learn about the effect of a Project-Based Learning approach on middle school 

African American students who were not performing well in mathematics. The goal was 

to identify whether Project-Based Learning is an effective method of teaching for low 

performing math students in order to understand if this approach can improve 

mathematical proficiency with this group of students. This study also examined factors 

that influenced student motivation during PBL instruction.
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Research Questions 

This study addressed the following research questions: 

1. How does Project-Based Learning impact academic achievement of African 

American students with low performance in mathematics? 

2. What factors impact African American students’ motivation in a Project-Based 

Learning approach to mathematical instruction?  

Mixed Methods Approach 

 This study employed a sequential exploratory mixed methods approach. Mixed 

methods research encompasses both quantitative and qualitative approaches. The method 

includes closed- and open-ended data that provide a multidimensional response to a given 

research question (Tashakkori & Teddlie, 2003).  Using the mixed methods approach for 

this study seemed most appropriate due to the complexity of the study’s research 

questions and the connections between mixed methods and the pragmatic paradigm.  

 The mixed methods approach draws from the strengths of both quantitative and 

qualitative research while minimizing the weaknesses of both approaches (Tashakkori & 

Teddlie, 2003). Quantitative data captures the “how” when a phenomenon occurs; 

however, the data provides little in answering the “why” (Johnson & Onwuegbuzie, 

2004).  The qualitative approach provides rich data and explanations for complex 

problems; however, the approach does not provide quantitative predictions and results. 

Combining the qualitative and quantitative approach into mixed methods enables the 

researcher to explore the “why” and the “how” of a complex phenomenon (Johnson & 

Onwuegbuzie, 2004).  Mixed methods is a suitable approach for answering complex 
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questions. Johnson and Onwuegbuzie (2004) argue that the problems and questions 

connected to research today are becoming increasingly interdisciplinary and dynamic; 

therefore, many researchers need multiple methods to facilitate communication and 

provide superior research solutions.  Using mixed methods, researchers can put together 

ideas and procedures from both quantitative and qualitative data and produce a solution 

that expands understanding and conclusions (Onwuegbuzie & Leech, 2004). An 

integrated design allows for a more complete understanding of the initial problem or 

research questions (Creswell, 2014).  

 Mixed methods research design is connected to the pragmatic paradigmatic view 

(Tashakkori & Teddlie, 2003). The key for pragmatic researchers is to identify the best 

method of uncovering the full truth in any situation; therefore, pragmatists often prefer 

the use of mixed methods research (Tashakkori & Teddlie, 2003). Utilizing the pragmatic 

approach with a mixed methods methodology allowed the researcher to address multiple 

questions in this study.   Quantitative data collected through pre- and post-tests provided 

objective evidence that was measurable and easily replicated as needed in a positivist 

approach to research (Tashakkori & Teddlie, 2003). The incorporation of a focus group 

with participating students provided multiple viewpoints, creating a social construction 

that is ideal in a constructivist approach (Tashakkori & Teddlie, 2003). Together, the 

qualitative and quantitative data provided a thorough understanding of the study’s student 

participants.   

 In tandem with the mixed methods design, Onwuegbuzie and Teddlie’s (2003) 

seven-stage conceptualization data analysis process was ideal for this study; it provided a 
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structure for categorizing, analyzing, and presenting both quantitative and qualitative data 

in a manner that clearly communicates the results.  The seven phases of Onwuegbuzie 

and Teddlie’s (2003) data analysis process were employed in this study, including: 

1. Data reduction, which is the process of collecting the qualitative data from a 

mixed method study into exploratory codes and quantitative data into 

understandable statistics;   

2. Data display, which consists of placing the data into graphs, Venn diagrams, and 

other pictorials that communicate the story of the data; 

3. Data transformation, which is the process of categorizing the codes that emerged 

from the qualitative data into common themes; 

4. Data correlation, which is the process of finding the mutual relationship between 

the qualitative and quantitative data;  

5. Data consolidation, which combines data to create manageable data sets;  

6. Data comparison, which is the process of finding the similarities and differences 

from the different data sources; and  

7. Data integration, which is the process of combining data into a coherent whole or 

two distinct sets that clearly communicate the results of the study (p. 375).   

Setting 

 This study was conducted at a private, independent K-8th grade school in Georgia. 

Due to the scholarship opportunities and tuition requirements for the school, the 

socioeconomic status of the students varied. For the 2016-2017 school year, 212 students 

were enrolled in kindergarten through eighth grade; approximately 70 of the students 
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were in the middle school grades. The school’s population was 98% African American, 

and 42% of the students qualified for the federally-funded free and reduced lunch 

program, which was based on the income provided by the parents at the time of student 

enrollment for the 2016-2017 school year.  In the school, 18% of the student population 

qualified for special needs services; however, 65% of those students with special needs 

were in grades six through eight.  

 According to Iowa Test of Basic Skills (ITBS) results, the school’s elementary 

school students historically performed at or above grade equivalent scoring in 

mathematics; however, the middle school averages did not reflect the same performance. 

Student performance significantly declined in sixth through eighth grades, with 87% of 

the combined sixth- thru eighth-grade student scores being below the national average on 

the ITBS test in mathematics.     

 The school was in the process of implementing the same PBL approach to 

mathematics in the middle grades that has been implemented in prior years in the 

elementary grades, and this transition made the school an ideal site for this study. During 

the first six weeks of school, the students spent their classroom time learning school and 

classroom policies and procedures, taking the fall version of the ITBS to assess current 

content knowledge, and reviewing the prior year’s content; therefore, the PBL instruction 

did not begin until the month of September.  During the first month of PBL, students 

learned basic PBL essentials such as the inquiry process, communicating desired choices 

concerning the project, and working in groups with their peers.  The first actual PBL unit 

was a four-week project, and students created a beginner’s-level final product.  The PBL 
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unit that was included in the study proceeded the abbreviated unit and was the students’ 

first full PBL unit.  The essentials training and abbreviated four-week lesson structure 

was designed to familiarize the students with PBL instruction in hopes of receiving more 

accurate student data from the PBL unit involved in the study.  

Participants 

 The participating middle school teacher was a veteran teacher with 30 years of 

experience teaching mathematics.  His class was chosen due to his experience with 

teaching mathematics and using the Project-Based Learning approach to instruction. This 

teacher had received professional development in PBL and was interested in 

incorporating more PBL into his middle school mathematics classroom. The chosen 

teacher was an ideal participant because he taught a sixth-grade mathematics class that 

was transitioning into Project-Based Learning.  

 The sixth-grade student population at this school was 100% African American 

and varied in socioeconomic status. The school currently had PBL as part of the math 

pedagogy in the elementary school and planned to incorporate the PBL approach into the 

middle school mathematics curriculum.  The middle school consisted of a team of four 

teachers, with each teacher responsible for a content area. In past years, the science and 

social studies teachers had been incorporating PBL lessons on the middle school level; 

however, the mathematics and English teachers had not yet incorporated PBL.  The 

school used a team-teaching model to support a seamless incorporation of PBL into the 

English and mathematics classes in the sixth through eighth grades.  The team included a 
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special needs teacher that assisted with all students that had been identified as needing 

special education services.   

 Convenience sampling was used to select this independent school system; 

consequently, the results of the study may not be generalized or transferable.  However, 

the school’s student population and approach to mathematics instructions were highly 

relevant to the topic of this study, and the school’s interest in exploring the PBL approach 

in mathematics with middle school students allowed for a positive learning environment 

for the study’s participants.   

 Twenty African American students in the sixth grade participated in the PBL unit 

of this study, and eight of these students also participated in two focus group interviews. 

The eight focus group participants were chosen because these students historically 

performed below grade level in mathematics.  For this school year, these students’ grade 

equivalent scores in mathematics were below sixth-grade level on the ITBS test.  The 

remaining twelve sixth-graders were the control group for the study.  The control group 

consisted of students that historically performed on or above grade level in mathematics.  

This year these students performed with a grade equivalent score of sixth-grade or higher 

on the ITBS test. Dividing the students into two groups based on their ITBS performance 

allowed for a comparison to be made between students that historically perform on grade 

level and those that do not.  

 To maintain confidentiality, the participants were assigned numerical 

identifications and pseudonyms. Before the study began, the researcher gained parental 

permissions, and then all of the sixth-grade students were asked to complete assent forms 
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to acknowledge their understanding of the expected risks and potential benefits of 

participating in the study. Students were free to refuse or to stop participating in the study 

at any time.  

Data Collection 

 This exploratory sequential mixed methods study began with a focus group 

interview that started a conversation with the students that had been identified as low 

performers in their middle school mathematics classroom. All the students were required 

to take the Iowa Test of Basic Skills, which is a norm-based standardized test that reports 

grade equivalent scores (GE).  The GE score reported whether the students were 

performing on their current grade level in each content area.  The focus group interviews 

were for students that had historically performed one grade level or more below their 

current grades GE in mathematics.   

 Focus group interviews, also known as group interviews, are interviews with a 

selected number of participants designed to examine the lives and opinions of the 

participants through group interaction and social exchange (Madriz, 2000).  Here 

different attitudes, beliefs, and experiences of participants offer multiple perspectives to 

the interviewer.  The participants share ideas and identify commonalities in their 

experiences with only facilitation by the interviewer (Madriz, 2000). Glesne (2010) states 

that focus interviews are ideal for action research because the format can create an 

atmosphere for conversation, problem-solving, and even debate amongst the participants.  

To accomplish the goals of a focus group interview, an atmosphere for in-depth 

conversation must be present. The researcher needs to identify the number of participants 
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involved in the focus group, communicate the goal of the conversations, and identify the 

proper setting for the interview (Glesne, 2010).  As the facilitator of the conversation, the 

researcher must also communicate and maintain the ground rules of the discussion 

without impeding on the conversation that is taking place amongst the participants 

(Glesne, 2010). Joint control of the interview is shared between the interviewers and 

interviewee; thus, power should not be a factor during the conversation (Madriz, 2000). 

 Participants are gathered together for one interview; therefore, focus groups are 

good for time constraints (Creswell, 2014); however, this advantage does not remove the 

challenges that are faced with conducting a focus group interview.  All the participants 

are gathered together to discuss one topic; therefore, confidentiality amongst the 

participants cannot be maintained.  Also, focus groups can be difficult to record.  

Researchers often have to employ another person to make notations of speaking order in 

order to connect participants with statements from the interview.  Focus group interviews 

may not provide the in-depth conversation that one-on-one interviews produce (Glesne, 

2010). In this study, the confidentiality of the focus group participants was guaranteed by 

coding all identifiers on the interview transcriptions, and the key to the code was 

password protected and stored on a secure server that was only accessible to the 

researchers and her faculty advisor. Student participants were not identified in the final 

report. 

 There were several reasons to incorporate focus group interviews into this study.  

In a classroom setting, students often do not have the time to discuss their opinions about 

the lesson with one another, and they are often fearful to discuss their honest opinions in 
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the presence of their teacher. The focus group interviews allowed the students to discuss 

attitudes and beliefs related to mathematics without the teacher being present.  Because 

the power was removed, the students had the ability to discuss freely their experiences 

and make connections with one another and share their opinions related to mathematics 

in a middle school setting. The goal was to have a conversation about mathematical 

challenges, peer-to-peer interactions in the classroom, enjoyment and frustrations in other 

Project-Based Learning classes, and the role of the teacher in their current classroom. The 

students were steered away from undesired topics of conversation and were required to 

stay on the desired topic.  During the focus group, topics of conversation were prepared 

ahead of time (see Appendix A); however, the pre-determined questions were not 

enforced to allot for freedom to explore all avenues of discussion regarding mathematics 

in a Project-Based Learning middle school classroom. 

 After the first focus group interview, the class participated in a six-week PBL 

unit.  The unit began with a pre-test; the scores from the pre-test, along with the notes 

from the focus group, were used as a guide for the creation of the PBL lesson plans. A 

meeting with the participating teacher to construct a series of Project-Based Learning 

lesson plans was necessary to assure all the eight elements of a PBL unit were in place.  

To assure that the first element of covering key knowledge and success skills was 

addressed, the participating teacher and researcher planned to discuss the standards and 

the adjusted Bloom’s Taxonomy levels that were addressed in the lessons. The 

curriculum standards drove the content in the lesson and the adjusted Bloom’s Taxonomy 

(Anderson, Krathwohl, & Bloom, 2001) informed the execution of the content.  
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 During the initial session with the participating teacher, the driving question and 

available resources for the PBL unit were analyzed and assessed. The review of the 

resources was critical to assure that the challenge question could be addressed by 

sustained inquiry from the students. After a review of the question and inquiry process, 

the plan to critique the potential final products was in place. The final product was 

decided by the students to promote voice and choice among the students; however, a 

conversation about potential final products was discussed initially to assure authenticity 

of the overall project.  

 To guide this initial discussion with the participating teacher about the elements 

of PBL instruction, the teacher and researcher utilized the Essential Project Design 

Elements Rubric (see Appendix B) as a guide to assure the project was of exemplar status 

and met the requirements for a Project-Based Learning unit.  The lessons were designed 

to concentrate on the aspects of PBL and mathematics that the students favored in the 

focus group, while reducing the aspects of PBL and mathematics that the students 

disliked. The six-week PBL unit was outlined in weekly lessons captured on the Project 

Calendar (Appendix C); therefore, the initial conversation needed to address this tool.   

 During the time of the PBL implementation in the classroom, weekly classroom 

observations were conducted.  The observation of the teacher-to-student interactions 

provided the researcher first-hand information about the ways in which the teacher 

approached and executed the Project-Based Learning approach in a mathematics setting. 

As a participant observer, a researcher can assist, socialize, and become an intermediary 

during the classroom observation (Glesne, 2010).  Glesne (2010) states that participant 
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observers learn more during the classroom observations, and become members of the 

studied community, thus becoming closely connected to the action research.  The action 

research helps the researcher better understand the setting, people, and behavior while 

remaining flexible and open-minded about the actions in the community. The researcher 

is involved in the process, yet can watch everything including gestures, word choice, and 

interactions between participants (Glesne, 2010). 

 Although weekly classroom observations provide up-close views of the 

participants in their environment, this data collection method is not without limitations.  

Because participant observers are so closely connected to the participants, the interviewer 

must be careful not to lose their place as an open-minded outsider that is able to 

communicate clearly the happenings of the community (Glesne, 2010).  In addition to 

maintaining this open-minded viewpoint, researchers must also be aware that the 

researcher’s presence impacts the natural interactions between the classroom participants, 

thus impacting the overall results of the study (Creswell, 2015). Glesne (2010) states that 

gaining permission to observe the participants in the natural setting can pose a problem 

for the researcher, and detailed notes must be used to record detailed descriptions of the 

actions and statements of the participants during the observation.    

 Classroom observations were key to this study because the researcher was able to 

view the student and teacher interactions to the Project-Based Learning approach in a 

classroom setting, thus eliminating the reliability of the student’s ability to verbalize all 

of their ideas and interactions. The classroom observations also provided the opportunity 

to evaluate the peer-to-peer interactions that students had with one another. Learning 
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groups create peer-to-peer interactions that require students to defend their diverse views 

and challenge the views of others (Andriessen, 2006; Jorczak & Bart, 2009). The 

processes of defending and challenging ideas have learning benefits because students are 

required to seek new information and deeper understanding to defend or explain their 

argument in the peer-to-peer exchanges (Andriessen, 2006; Jorczak & Bart, 2009). 

Fischer and Mandl (2005) describe the process of peer-to-peer interactions in a group as a 

convergence process, during which students refine their individual knowledge over a 

period by interacting with other group members on a given topic. During the PBL 

instruction, the students had the opportunity to work in groups to answer the driving 

question and produce the final product.  The answer to the driving question and the path 

to complete the final product were not explicit or direct; consequently, students were 

required to defend their approach with the other group members and choose a desired 

path to creating the final product using mathematics content and principles. Students 

utilized the Project Team Work Plan (see Appendix D) to capture what needed to be done 

in the project, to divide the group responsibilities among the members, and to set 

deadlines for each task. The classroom observations provided an opportunity to quantify 

the number of peer-to-peer interactions as well as evaluate the quality of the peer-to-peer 

interactions in contributing to fact finding, defending, and clearing up misunderstandings 

among the students in the classroom.  As an observer in the class, the researcher utilized 

the PBL Classroom Observation Log (see Appendix E) as a PBL best practices indicator.   

 Becoming a participant observer allowed the opportunity to build a rapport with 

the teachers and students as a classroom participant.  The observation also allotted for the 
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opportunity to support and assist in the classroom activities, which was key to defining 

the relationship between the researcher and the students.  Interaction with the groups, 

questioning the students’ decision making process, and analyzing student products 

provided detailed information on how engaged the students were in the learning process 

during the lessons. Gaining access and permission to observe in the classrooms was not a 

concern in the study because the researcher’s responsibilities at the school as an 

instructional coach required routine classroom observations; however, maintaining an 

open-mind could have been a challenge because of the current connection to the teachers 

and students. The cooperating teacher needed to be assured that the researcher’s purpose 

in the classroom was to observe student performance and not to evaluate the teacher.  

 After the qualitative data were collected, the quantitative data were assessed 

through a dependent and independent t-test.  Students at this school complete four 

benchmark assessments yearly to track their math proficiency. All students completed the 

first benchmark assessment after the PBL essentials training and the shortened PBL unit. 

Before and after the six-week PBL lesson in this study, all the students completed the 

second benchmark assessment.  The second benchmark assessment served as the pre-and 

post-test for the PBL unit. Through the dependent t-test, a comparison between the results 

of the pre- and post-test scores from the experimental group was measured. The results 

from the dependent t-test determined whether the PBL instruction resulted in a statistical 

difference in pre- and post-test scores with the historically low-performing student 

population.  Utilizing an independent t-test allotted for a comparison of the post-test 

results of the low-performing students that were initially involved in the focus group to 
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the results of the students that did not participate in the focus group.  A second 

independent t-test allotted for a comparison of the difference in the pre-and post-test 

scores from the two groups of students.  

 The study concluded with a final focus group interview with the initial focus 

group interviewees.  The purpose of the second focus group was to hear the students’ 

opinions about PBL after the completion of the unit and to provide an opportunity for 

them to express their feelings about the changes that were made in their classroom during 

the PBL instruction time. The second focus group was also an opportunity to have the 

students explain and clarify some of the observed group interactions and to express their 

opinions about mathematics concepts through a PBL lens.    

A Model of the Methodology 

 This study employed a sequential exploratory mixed methods approach. Mixed 

methods research encompasses both quantitative and qualitative approaches. The method 

includes closed- and open-ended data that provide a multidimensional response to a given 

research question (Tashakkori & Teddlie, 2003). Mertens (2015) defines the approach of 

the mixed methods study by the ordering of the application of the qualitative and 

quantitative methods as well as the point the mixing of methods occurs.  In a sequential 

mixed methods design, one type of data provides a basis for collection of another type of 

data, thus the data are collected at different times in the study, and in an exploratory 

design, qualitative data collection is followed by quantitative data collection to explore a 

phenomenon (Mertens, 2015).  In this study, data were collected at different points along 

the study, and each data collection point provided a basis for collection of another type of 
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data. The comments from the focus group were followed by the benchmark assessment 

scores from both the experimental and control groups, thus creating the design for a 

sequential exploratory mixed methods approach. Figure 2 depicts the study’s exploratory 

sequential mixed methods approach.   

 

 

 

Figure 2. Model of the Methodology  
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Data Analysis 

 The qualitative and quantitative data were analyzed to produce meaningful 

results. The pre- and post-test scores from the sixth-grade class were analyzed using 

version 24 SPSS software. Utilizing an independent and dependent t-test allotted for a 

comparison to be made between students that participated in the initial focus group, who 

normally perform below their current grade level on the ITBS, and students that normally 

perform on or above grade level in mathematics on the ITBS. The test was effective 

because the pre- and post-test data were collected at two different times and a single 

sample was drawn from each population of students.  

 Using a pre- and post-test linked the data; therefore, the scores determined if the 

PBL approach had impact on the overall test performance.  If the sample statistics are 

significantly different, the statistical test supports the idea that the dependent variable was 

impacted by the independent variable (Field, 2013), which in this case was the PBL 

instruction in the mathematics classroom. 

 The qualitative data were collected using the focus group that initiated the study, 

the researcher’s observations that were completed throughout the execution of the lesson 

plans, and the final focus group interview after the PBL unit was completed. The focus 

group interviews were audio-recorded, with student permission. The researcher 

completed the transcription and key words were identified for analysis.  Confidentiality 

was guaranteed by coding all the identifiers in both the pre- and post-test and the focus 

group. The data collected in the focus groups and class observations were used to 

understand what factors impacted student motivation during the PBL instruction.   
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Validity and Reliability 

 In research, the measure of validity and reliability is important for decreasing 

errors that may arise from measurement tools (Thorndike, 1997).  In this study, the 

quantitative data were collected utilizing a criterion-referenced benchmark test.  

Criterion-referenced tests provide a basis for determining a student’s level of knowledge 

and skills in relation to a well-defined domain of content (Houghton Mifflin Harcourt, 

2017).  Both the low and high performing students were issued the same benchmark test 

during the same class period.  The same sample of students completed a second 

benchmark assessment after the six-week PBL unit to compare the information mastered 

over the course of the unit. The low and high performing students were in the same 

mathematics classroom being taught by the same teacher throughout the unit to limit the 

number of factors that may have impacted the final assessment scores.        

 The qualitative data were triangulated to increase the credibility, dependability, 

and confirmability of the results (Shenton, 2004).  The first form of data collection was a 

focus group with the lower performing students. The focus group was open-ended; 

however, the interviewer directed students to remain on the topics of PBL, mathematics, 

and motivation in order to maintain the validity of the study. To increase the plausibility 

of honesty, all student participates had the right to decline their participation in the focus 

group.  The desire of the researcher was for the participants to communicate the 

information free and honestly to increase the creditability of the results (Shenton, 2004).   

 In addition to the focus group, data were collected through weekly classroom 

observations to monitor peer-to-peer interactions as well as lesson plan execution. The 
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observations extended over the six-week period to create prolonged engagement and 

persistent observations and allowed the opportunity to build a rapport with the teachers 

and students (Glesne, 2010). This prolonged engagement created opportunities to 

increase the proposed study’s credibility because the researcher had the ability to become 

familiar with the teacher as well as the student participants (Shenton, 2004). The time in 

the classroom allotted for opportunities to write rich, thick descriptions of classroom 

interactions amongst the students, thus adding to the study’s transferability (Shenton, 

2004).  The observation also allotted for the opportunity to support and assist in the 

classroom activities, which was key to redefining the relationship between the teacher 

and researcher (Glesne, 2010). The researcher’s presence may have impacted the teacher 

and student behavior.  The students may have been more attentive and engaged in peer-

to-peer interactions more consistently, and the teachers may have approached the 

curriculum differently because of the researcher’s presence. The researcher spent long 

periods of time in the classroom so that the teachers and students could adjust to the 

researcher’s presence and behave in a normal fashion (Glesne, 2010). The use of 

overlapping methods, focus group interviews and classroom observations, helped to 

increase the dependability of the results of the study (Shenton, 2004).  

Perspective of the Researcher 

 As the researcher, I needed to maintain an open mind in order to limit bias. As a 

student, I loved school and truly enjoyed mathematics.  I became a teacher, and my heart 

broke when students entered my middle school mathematics class frustrated with 

mathematics.  Many of my students were unmotivated to learn and lacked the skills 
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needed to be successful in a middle school math class. My goal was not only to teach 

them mathematical concepts but also to nurture their love for learning mathematics and 

enjoyment in school.  I found that making mathematics relatable to real scenarios, having 

students work in groups with their peers, and assisting them in their journey towards self-

discovery were effective strategies for helping my students gain confidence in 

mathematics.  My experience with constructivist classroom pedagogy and the PBL 

approach influenced the design of this study. My connection to the PBL approach may 

have led to collecting data that unconsciously presented the students and teachers in a 

positive manner; therefore, I addressed potential bias by continuously exploring my own 

subjectivity (Glesne, 2010). By writing expectations and reflective commentary before 

and after the focus group interviews and classroom observations, I was able to identify 

preconceived opinions and reflect upon any biasness (Glesne, 2010).   

Summary 

 This mixed methods study was designed to gather qualitative and quantitative 

data from African American students about their perception of PBL instruction in a sixth-

grade mathematics classroom.  The study focused on the eight students who historically 

performed below grade level in mathematics class.  The PBL lessons were tailored to this 

group based on responses from the initial focus group in order to assure that the students 

had maximum voice and choice with the lessons. This group of students comprised the 

experimental group, while the control group consisted of the remaining twelve sixth-

grade students that traditionally performed on or above grade level in mathematics class. 

The focus group interviews were designed to capture the factors that impact student 
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motivation in a PBL mathematics classroom from the students’ perception, while the t-

tests were utilized to determine the impacts PBL instruction in mathematics had on the 

students’ academic achievement levels.       
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CHAPTER 4 

RESULTS OF DATA ANALYSIS 

 African American students are being outperformed in mathematics by other ethnic 

groups by astounding margins (Bandeira de Mello, Bohrnstedt, Blankenship, & Sherman, 

2015), and this low performance has been a trend with this group of students for years 

(Flores, 2007).  The purpose of this mixed methods study was to determine whether 

Project-Based Learning (PBL), a method of instruction that is grounded in authentic 

classroom experiences and social interactions (Buck Institute, 2014), had the potential to 

increase African American sixth grade students’ academic achievement in mathematics.   

During the six-week PBL unit, sixth-grade students participated in authentic experiences 

and peer-to-peer interactions as they worked in groups to produce a final product. 

 Through a statistical analysis of pre- and post-test results, student academic 

achievement was evaluated to determine the impact of PBL on the students’ test scores 

on a mathematics benchmark assessment.  Through two focus group sessions with the 

students, conducted before and after the PBL unit, along with six classroom observations, 

the study also attempted to uncover connections between the students’ motivation to learn 

mathematics and the PBL approach to instruction. This chapter presents the results of the 

study, including themes from data collected during focus group interviews and classroom 
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observations, and descriptive and inferential statistics from the results of the two 

mathematic benchmark assessments.  

Conceptual Underpinnings 

Principles of Vygotsky’s (1978) Sociocultural Theory and the tenets of Dewey’s 

(1938) progressive educational paradigm formed the theoretical framework for this study; 

this conceptual underpinning suggests that students may learn best through authentic 

classroom experiences that include content and problems related to students’ reality and 

that promote social interactions with peers. According to Vygotsky (1978), learning does 

not occur simply by regurgitated information, but rather by actively constructing, 

creating, inventing, or developing.  Vygotsky (1978) postulates that students learn by 

creating through interactions with others in a social context, self-regulating the mind by 

forming mental tools used to construct knowledge, utilizing social symbols and language 

to create internal and external speech, and operating in a zone of proximal development, 

which requires learners to stretch their current knowledge bank.  Dewey’s (1938) 

progressive educational paradigm is also grounded in the idea of active learning. Dewey 

believed that authentic experiences that mimic the learner’s natural environment 

increases a student’s motivation to learn by creating a practical application for the 

information. This increased motivation to pursue knowledge ultimately leads to an 

increase in knowledge and a refinement of understanding of prior knowledge.  

Project-Based Learning incorporates a pragmatic constructivist approach to 

instruction and is grounded in Sociocultural Theory (Vygotsky, 1978). Project-Based 

Learning has been used to increase student motivation and achievement with positive 
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results (Buck Institute for Education, 2014) and was selected as an instruction approach 

in this study to help African American students in the sixth grade engage actively in 

mathematics while developing critical thinking and problem solving skills.   

Research Questions 

This study addressed the following research questions: 

1. How does Project-Based Learning impact academic achievement of African 

American students with low performance in mathematics? 

2. What factors impact African American students’ motivation in a Project-Based 

Learning approach to mathematical instruction? 

Student Participant Descriptions 

  This study took place at a private K-8th grade school in the southeastern United 

States.  The sixth-grade class, consisting of twenty students, participated in the study.  All 

twenty students participated in the PBL unit, including pre- and post- benchmark 

assessments.  Eight of the students, identified as low performers in mathematics, also 

participated in two focus group interviews. All twenty students were African American. 

Nine of the students qualified for federally funded free and reduced lunch and three 

qualified for special needs modifications and accommodations. Of the twenty students in 

the class, eight students performed below the national average in mathematics on the 

ITBS test, thus creating a nearly even split between the students performing below grade 

level and those performing on or above grade level in mathematics.  To maintain 

confidentiality, students in the study were assigned numerical identifications. For the 
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purpose of reporting the results in Chapters Four and Five, these numerical identifications 

were replaced by pseudonyms for each student that participated in the focus groups.    

 All twenty of the sixth-grade students were invited to participate in the assessment 

and PBL unit of the study; however, only the eight low performing students were asked 

to participate in the focus group interviews. This group of eight students, having a grade 

equivalent mathematics score below sixth-grade on the ITBS, was a sample population of 

African American students performing below the national average in mathematics. 

Capturing their academic achievement and motivational factors in a PBL approach to 

instruction may provide insight to the effects of PBL instruction to this group of students.   

Informed consent was received from all parents (see Appendix F) and student assent was 

received from each student participant (see Appendix G). Students were able to refuse 

participation in the study or to stop participating in the study at any time.  

 These twenty students were enrolled in the school’s general education sixth-grade 

math class and were taught the same standard-based PBL unit.  The three qualifying 

students with special needs were included in the focus groups based on their performance 

on the assessment. During the six-week PBL unit, a special education teacher worked in 

the same classroom as the math teacher and assisted the three students who qualified for 

special needs services. The special education teacher was not trained in PBL instruction; 

therefore, the teacher’s presence centered around supporting the students with 

understanding the math concepts during the mini lessons portion of the class.  Table 1 

describes demographics for the students that participated in the focus group.  
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Table 1 

Student Participant Demographics 

Student 

Number 

Pseudonym Gender Special 

Needs 

Scoring Below Proficiency 

in Mathematics 

1 Mark M No Yes 

2 Brain M No Yes 

3 Roger M Yes Yes 

4 David M No Yes 

5 William M No Yes 

6 Kenya F No Yes 

7 Imani F Yes Yes 

8 John M Yes Yes 

 

 

 

Data Analysis Process 

 Onwuegbuzie and Teddlie’s (2003) seven-stage conceptualization data analysis 

process was utilized to present and analyze the data for this study.  The seven stages 

consisted of data reduction, data display, data transformation, data correlation, data 

consolidation, data comparison, and data integration in a process that categorizes, 

analyzes, and presents both quantitative and qualitative data in a manner that clearly 

communicates the results (Glesne, 2010).  Although the stages are sequential, all data are 

not appropriate to be analyzed through every stage of the process. For this study, only 

five stages were appropriate for the data collected.  The results from the observations, 

focus group interviews, dependent t-test, and independent t-test were most appropriate for 

correlation versus comparison or consolidation.  A correlation was chosen because the 

qualitative data, collected from the focus group interviews and observations, were 

intended to explain the relationship between the PBL instruction and the academic 

achievement of the students, which was measured by dependent and independent t-test.  



 

 

 

 

75 

Data Reduction Stage 

 Onwuegbuzie and Teddlie (2003) describe data reduction as a method of 

collecting the data from a mixed method study into exploratory codes for qualitative data 

and computational statistics for quantitative data.  For this study, the transcripts from the 

focus group interviews and the notes from the classroom observations provided the 

qualitative data, and the quantitative data were derived from the results of the pre- and 

post-test scores.  A sequential exploratory mixed methods approach (Mertens, 2015) was 

used to capture underperforming student views about factors that affect student 

motivation in a PBL classroom while also measuring PBL impacts on academic 

achievement. For this study, the collection of qualitative and quantitative data was 

conducted throughout the study in an alternating pattern.  Each data collection point 

informed the procedures for the next stage of collection; therefore, the data analysis is 

presented in the same order throughout the following sections to provide a clear depiction 

for the reader. Table 2 provides a timeline of the dates related to the study. 
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Table 2 

Data Collection Timeline 

Event Description Event Date 

 

Focus Group Session One November 9, 2016 (during mathematics class) 

Meeting with Participating Teacher November 9, 2016 

Benchmark Two Pre-test November 10, 2016 (during mathematics class) 

Entry Event to PBL Unit –

Observation Day One 

November 10, 2016 (during study hall period) 

Observation Day Two November 16, 2016 

Observation Day Three November 29, 2016 

Observation Day Four December 8, 2016 

Observation Day Five December 14, 2016 

Observation Day Six December 20, 2016 

Final Product Presented to Principal December 20, 2016 

Benchmark Two Post-test December 21, 2016 (during mathematics class) 

Focus Group Session Two December 21, 2016 (during study hall period) 

 

 

 

Focus Group Session One: “I Hate Math, and Math Hates Me!” 

 

 Collecting data for the study began with a focus group interview with students 

identified as underperforming in mathematics.  I entered the classroom at the beginning 

of the class period and requested the eight students that agreed to participate in the 

interview.  The timing of my arrival had been prearranged with the classroom teacher. I 

entered the classroom at the beginning of the period to avoid interrupting the teacher’s 

lesson.  The participating students and I left the classroom and proceeded to the school 

library, where the focus group interview took place.  The teacher was not present during 

the interview to ensure honest, authentic responses from the students since the students 

were evaluating their teacher’s approach to mathematics.  
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 Upon entering the library, I thanked the students for agreeing to participate in the 

focus group.  Being the researcher for the study, I read a prepared prompt aloud to the 

students prior to starting the recording.  The prompt included the purpose of the research, 

an assurance that their responses would remain confidential and anonymous, an 

explanation that their responses would not affect their grade in mathematics, and finally 

an encouragement to be honest in their responses once the interview began (see Appendix 

H). Students were then provided a student number.  Students were asked to identify 

themselves and other students using the assigned numbers opposed to names during the 

recording to maintain student confidentiality.  The student numbers were taped to the 

library table in front of the students to make sure the numbers were visible to all during 

the recording.  The focus group interview was recorded and transcribed using Rev, an 

audio recording and transcription application. The researcher informed the participants 

that the recording would begin and proceeded to press record for the focus group.  

Participants completed the focus group in about 20 minutes. Topics of conversation were 

prepared ahead of time (see Appendix A); however, the students were given freedom to 

explore all avenues of discussion regarding mathematics in a Project-Based Learning 

middle school classroom.   

 At the time of this focus group interview, the students had recently made the 

transition into the PBL mathematics classroom.  In prior years, the students had 

participated in a traditional format of instruction, but the school had recently made the 

transition to PBL instruction at the beginning of the 2016-2017 school year.  I wanted to 

know how the students were feeling about mathematics. To start the conversation with 
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the students, I opened the interview with the statement, “Okay, I would like for you all to 

discuss how you all feel about math.” Immediately, Imani stated, “I hate math, and math 

hates me!” Imani folded her arms, leaned back in her chair, and created a posture that 

suggested she had basically ended her portion of the interview.  This sentiment was 

followed by several nods among the students.   

 After reading through the transcripts of this interview, repetitive codes were 

apparent from the student discussion that explained why the students “hated math.” These 

codes were derived from research question two, concerning factors that impact student 

motivation in math class. Each code represented a factor that appeared to negatively 

impact the students’ feelings toward mathematics.  Following recommendations from 

Foss and Waters (2007), these quotes were color coded with a highlighter and cut out so 

that each excerpt could be grouped together according to the statements’ common code 

and color. The following codes, TRY-IT-OUT, COMPLEX, BULK, and EVALS, 

emerged from the first focus group; they are described in the order of most frequently 

discussed.  

Code: TRY-IT-OUT 

 TRY-IT-OUT is a code that described the students’ feelings about the need for 

projects and experiments in the class.  In this first interview, students made several 

comments about how testing and trying out the content in the form of an experiment 

made class exciting and more engaging. During the interview, as soon as Imani declared 

her hate for math, William followed with, “Yea, she is right, I hate math because it is 

boring. It is not like science when we get to do stuff.” I asked the students to talk more 
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about math being boring and unlike science to further expound on this idea. Roger 

explained “Science is better than math because we get to do experiments in science.” 

David added, “Yep, math is boring and science is better.  Our teacher talks all the time in 

math, but we can’t talk.  We don’t do nothing, but [the teacher] just keeps on talking. If 

we talk, we get in trouble.” Kenya joined the conversation by stating, “Field trips and 

doing experiments in science are the best!” This statement was followed by smiles and 

nods by the students. Kenya added, “Yeah field trips are fun. Why don’t math have field 

trips like science?” After a few more comments about the lack of experiments in math 

class, a couple of students began to defend the math class; however, their comments still 

centered around experiments. Brian jumped into the conversation after being quiet for 

some time, saying, “Sometimes I feel like math is kind of boring, but it’s not boring all 

the time. It depends on what we are doing.  The project stuff is cool now that we started 

doing that.” Roger added, “I like math kind of because sometimes it’s boring, sometimes 

it’s fun, and sometimes it’s in between. It depends on what we are doing.” John, who has 

been very quiet up until this point stated, “I like math and science now. Because they’re 

my two favorite subjects. Because science is, you can do experiments and work together 

and math is similar like science but you got to use math more that use science.” William 

nodded his head, and ended this series of statements by saying, “We just need to try-it-

out in math. You know, test the math, and math would be better.” 

Codes: COMPLEX and BULK  

 COMPLEX is a code that described the students’ feelings about assignments that 

the students perceived as too difficult or too easy.  BULK is a code that derived from 
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student comments about the volume of assignments that were given during the traditional 

methods in mathematics class.  In the first interview, the students discussed how they did 

not favor assignments that they considered below their current learning level; however, 

they also did not favor assignments that they felt were far beyond their current 

understanding. The conversation also led to statements about the volume of work that 

was presented in math class.  

 During the interview, I stated to the students that I understood why they “hated 

math,” however, I wanted them to discuss why they felt that “math hated them.” 

Immediately David stated, “I don’t get it. Multiplication and division, it is all hard.”  

Going back to the comparison to science, Mark explained, “I feel like science is more 

easier [sic] for me in middle school because math is hard for me so I think it is boring.” 

As I viewed the students nodding their heads, yet not elaborating, I challenged the 

students to explain why they felt that mathematics is difficult. Kenya explained, “The 

work is hard because it is a lot of it, and I don’t finish it most of the time. When I do, it is 

wrong.” Imani adds, “Yep, too much work and too hard.” William quickly disagreed by 

stating, “But, I think that it can be a little bit more challenging. It is not hard, it is just a 

lot. I don’t really do that much in math.”  Kenya added, “Well, we do a lot of nothing 

work. Not doing work is cool but doing a lot of nothing work is bad.”  

Code: EVALS 

 EVALS is a code that describes the students’ feelings toward written assessments. 

During interview one, students had a complete conversation about written assessments, 

and the common theme was that they did not understand the purpose of standardized 
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assessments; therefore, they did not favor these assessments. Sensing that the students 

had exhausted the topics of complexity and volume of work, I asked, “What would you 

say is your least favorite thing about math?”  Immediately, Mark yelled, “Doing tests!” 

This statement was followed by a rush of moans and groans from all of the students. 

Mark continued, “Doing tests is my least favorite thing about math.” William agreed, 

“My least favorite is when we take a benchmark test.” When probed about why the tests 

were such an area of frustration, Kenya explained, “We always have to take tests from 

the book and this is my least favorite. The tests are long, hard, and boring.  We take them 

all the time seems like.” William interrupted and asked, “And for what? Why so many 

tests?” as he slumped down in his seats and placed his head on the desk. Roger added, 

“Doing tests I can’t even study for. It is too much.”  The students confirmed one 

another’s statements explaining that test taking was their least favorite area of 

mathematics class.  I concluded this portion of the interview with a simple question, “So 

would I be accurate in stating that you all don’t like tests because you find them difficult 

and you don’t understand their purpose?” With the most agreement that I had I seen since 

Imani’s opening statement, the students yelled, “Yes!”  

 After the interview ended, I thanked the participants for completing the focus 

group session and asked if there were any questions.  I returned the students back to 

mathematics class, where class was still in session.  

Benchmark Assessment Pre-test: “I Told You Math Hates Me!” 

 Before the six-week PBL unit, students completed the pretest for the second 

mathematics benchmark assessment for the 2016-2017 school year.  All middle school 
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students complete four benchmark assessments yearly to track their math proficiency 

levels. Students score at an above proficient, proficient, or below proficient level on the 

math assessment.  Percentages also correspond to each proficiency level of the test. 

Students completed the pre-test for the first benchmark on September 15, 2016 and the 

post-test on November 3, 2016. The first benchmark was taken six weeks after the start of 

the school year to allot for time for students to become familiar with school and 

classroom policies, procedures, and expectations. The time was also used to familiarize 

students with the PBL format for learning since this approach to instruction was new to 

the middle school mathematics classes. During the first six weeks of school, the sixth-

grade class completed a four-week PBL unit in mathematics; therefore, the unit of study 

that was associated with this study was the students’ second PBL unit in their current 

math class.    

 The pre-test for the second benchmark was administered on November 10, 2016 

during the regular mathematics class.  This second benchmark was designed to test the 

students’ understanding of a ratio, unit rate, and fraction (National Governors Association 

Center for Best Practices, 2010).  Students were required to interpret and compute 

quotients of fractions and solve word problems involving division of fractions by 

fractions.  Students were also required to find the greater common factor of two whole 

numbers and write and evaluate numerical expressions. During the administration of the 

benchmark assessment, the teacher required all the students to use lined paper for 

calculations and a pencil for writing. Students were then spaced out throughout the 

classroom to allot for ample spacing between each student to encourage academic 
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honesty. The classroom teacher placed a faced-down test next to each student.  Once each 

student had received a test, the students were asked to turn the test over and listen to the 

instructions. The teacher read a prompt to the students informing them of the instructions 

for the test (see Appendix I).   

 The prompt also requested the students to add their assigned numbers to the top of 

the test for identification purposes.  For the students that participated in the focus group 

interview, the numbers were consistent with the numbers that were assigned during the 

interview. The students were given sixty minutes to complete the exam.  Students were 

asked to turn the paper over after completing the exam, and the teacher collected all the 

exams at the end of the sixty-minute class session. Before the assessment began, a special 

education teacher entered the classroom and removed three students that were allotted 

time and a half on their assessments due to their individual education plan specifications. 

These three students were assessed in a separate classroom and provided 90 minutes 

instead of 60 minutes to complete the exam.  

 A school administrator accessed the participants’ test scores, entered the scores 

into an Excel spreadsheet, and forwarded the scores to me. I requested the tests be graded 

by an administrator instead of the participating teacher to assure academic honesty in the 

process. Participants’ test scores were labeled according to the student numbers that had 

been assigned during the focus group interview sessions and the pre-test so that student 

names were not identified.  Table 3 and Table 4 compare the percentages as they relate to 

math proficiency level for the benchmark for the experimental group of students, which 
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consisted of the students participating in the focus group interviews, compared to the 

control group, which consisted of the students that did not participate in the focus group. 

 

Table 3 

Control Group Benchmark Assessment Scores  

Student Number Benchmark Two Pre-Test 

 

9 30% -Below Proficient 

10 40% -Proficient 

11 100% -Above Proficient 

12 30% -Below Proficient 

13 40% -Proficient 

14 40% -Proficient 

15 50% -Proficient 

16 60% -Proficient 

17 20% -Below Proficient 

18 40% -Proficient 

19 20% -Below Proficient 

20 70% -Proficient 

 

 

 

Table 4 

 

Experimental Group Benchmark Assessment Scores  

 

Student Pseudonym Benchmark Two Pre-Test 

 

Mark 20% -Below Proficient 

Brian 20% -Below Proficient 

Roger 20% -Below Proficient 

David 20% -Below Proficient 

William 20% -Below Proficient 

Kenya 0% -Below Proficient 

Imani 20% -Below Proficient 

John 20% -Below Proficient 
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Collectively, the students from the focus group interview, who had been identified 

as lower performing prior to the start of the study, scored lower on the pre-test (M=17.50, 

SD= 7.071) compared to the students that did not participate in the focus group session 

(M=45, SD= 22.76). After the students received their scores back from the pre-test, 

Imani, one of the students from the initial focus group, approached me after the math 

class, and talked to me about her pre-test score.  She started our conversation with the 

statement, “See, I told you math hates me!”  

PBL Lesson Planning and Classroom Observations: “You Don’t Have to Hate Math.” 

Before the PBL unit, I organized a meeting with the participating teacher during 

the teacher’s planning period.  The purpose of the meeting was to review the lesson plans 

for the PBL unit (see Appendix J). The special education teacher did not attend the 

meeting because the purpose was to discuss PBL, and the special needs teacher had 

limited interaction with the PBL aspect of the class sessions. During the meeting, we 

discussed student interests as they related to the project, the standards that would be 

covered in the unit, the driving question, and the final product that was to be produced by 

the sixth-grade class. Together we decided to have a project related to planning field 

trips. This decision was made because the students expressed a high interest in field trips 

during the first focus group interview.  For this unit, students were required to answer the 

question, “How can the sixth-grade class convince our principal that field trips planned 

by students for students are better than field trips planned by teachers?”  

For the final product, students would be required to present a case to the principal 

as to why students should be allowed to plan their own field trips versus attending field 
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trips that are planned by their teachers.  In the meeting, the participating teacher and I 

reviewed the Project Assessment Map together (see Appendix K) to assure that students 

were completing formative and summative assessments that were rich in mathematics 

content, yet creative and engaging for the students.   

The underperforming students lacked numerous foundational mathematics skills 

including multiplying and dividing whole numbers and operations related to fractions; 

therefore, the participating teacher created task cards and sheets (see Appendix L) for 

each group to complete that required the students to connect the math concepts to an 

aspect of their presentation to the principal. Task cards were assignments that were short 

in length.  A typical task card was limited to four to five questions related to the mini 

lesson.  For more intricate lessons, the task cards were replaced with a task sheet.  Each 

task sheet allotted for additional problems related to the mini lesson. The task cards and 

sheets required the students to practice foundational math skills, demonstrate 

understanding of the standards, and apply the newly learned information in a practical 

manner. The task sheets were also a key element in correlating the PBL math unit to the 

benchmark assessment content.  

The PBL unit format consisted of mini lessons, two to three per week, designed to 

introduce the mathematics concepts needed for the unit.  Each mini lesson was followed 

by the students collaborating in their groups to complete the task sheets, which were 

designed to assess understanding of the day’s mini lesson.  Upon completion of the task 

cards, the students utilized the remaining class time to determine how to incorporate the 

mini lesson concept into the presentation to their principal. The students were allotted the 
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flexibility to incorporate the information into the Power Point presentation or into the 

supporting documentation that accompanied the Power Point.  Over the course of the six-

week PBL unit, students determined the best use of their time and resources each day in 

order to complete the task sheets, incorporate the newly learned information into the 

presentations, and create the Power Point slides and supporting documentation for the 

final product.  

At the conclusion of this meeting, I provided the teacher with an additional copy 

of the Essential Project Design Elements Checklist and the Project Calendar that were 

designed to outline the progress of the project. Both documents are essential for 

executing an exemplar PBL unit (Buck Institute for Education, 2014); therefore, the 

usage of these documents was instrumental in the unit study. I also reminded the 

participating teacher of the classroom observations that would be taking place weekly 

during the six-week unit.  I did not share the actual dates for the observations to maintain 

the authenticity of the classroom environment during the visits. I answered the questions 

that the participating teacher had concerning the observations and thanked him for 

participating in the study.  

 During the PBL unit, I entered the mathematics classroom weekly to conduct 

classroom observations.  On the day of the observation, I arrived in the classroom during 

the time the students were changing classes. I took a seat in the rear of the classroom until 

the class session began.  During the class session, I walked around the classroom to 

converse with some of the students from the focus group, asking clarifying questions 
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about their tasks, and analyzing verbal and nonverbal interactions with their group 

members and students from other groups.   

Students from the focus group interview were distributed evenly between four 

different groups during the PBL lesson so the focus of the observations was placed on 

these four groups. The classroom observations provided an opportunity to quantify the 

number of peer-to-peer interactions of the focus group participants as well as evaluate the 

quality of the peer-to-peer interactions in contributing to more fact finding, defending, 

and clearing up misunderstandings within all the groups in the classroom. The classroom 

observations also allowed me, as the researcher, to analyze the authenticity of the project 

and the focus group students’ response to the experiences. I recorded findings using the 

PBL Classroom Observation Log (see Appendix E).  

During the classroom observations, additional codes merged and prior codes were 

strengthened.  The process of coding the data from the first focus group interview was 

repeated for the notes collected during the six classroom observations.   The following 

codes emerged or were expounded upon during the classroom observations. 

Code: XCHANGE 

 The code XCHANGE describes my observations of conversations and peer-to-

peer interactions unrelated to class assignments.  Notes from the classroom observations 

collectively demonstrate a pattern of the students having conversations unrelated to their 

project or mathematics concepts.  The nature of PBL instruction encourages and 

promotes student interaction and conversations (Buck Institute for Education, 2014); 

therefore, the XCHANGE code addressed the effects of these peer-to-peer interactions 
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that unrelated to the project or mathematics. During the first observation on November 

10, 2016, I observed students preparing for the pitch to the principal, which was 

connected to their entry event to the project. In my field notes, I wrote, “Students are 

working to perfect and practice their pitches. Some disagreements about the creative 

factors of the project are starting to arise between group members. One group appears to 

be complete and awaiting approval from the teacher. They are choosing to engage in 

conversation unrelated to math.” Additional notes from this day included, “students from 

the focus group, Imani and John, are in a group complaining about the arguing and name 

calling between group members as they attempt to finalize their pitch.”   

These off-task social interactions continued throughout the observations.  On 

December 8, 2016, I recorded, “Groups two and three are bickering a great deal. They are 

unable to reach a solution without teacher support.” On December 20, 2016, I noted, 

“Groups two and three need teacher support. They are resorting to arguing and name 

calling when they do not understand.” Additional field notes described students being 

off-task, needing significant support from the participating teacher when peer-to-peer 

interactions became negative, and resorting to name calling during group work activities. 

The exchanges point to a breakdown in group interactions, and appear to have negative 

effects in student motivation based on student posture and rate of completion of 

assignments during these episodes. 

Code: COLLAB 

 The code COLLAB describes observations concerning the effectiveness of group 

work and peer-to-peer interactions related to the project tasks.  Notes from the classroom 
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observation collectively demonstrate a pattern of the students benefiting from working in 

heterogeneous groups when the students work constructively on one task. On December 

8, 2016, I noted, “Groups two and three are bickering a great deal. Unable to reach a 

solution without teacher support.  The other two groups, groups one and four, are 

reaching solutions with little teacher support.” I also noted, “Students from all the groups 

are working better together on creative portions of the project versus the math 

computation. However, a debate in group one about how to incorporate the use of 

fractions into the presentation resulted in clarity of the concept of fractions for Brian.” On 

December 14, 2016, I noted, “students are doing well dividing up the tasks for the 

presentation.  William is explaining the math related to gasoline calculations to David.” 

On the same day, I also noted, “the teacher is explaining a concept to Kenya while Roger 

and another student are working together to solve the same problem independent of the 

teacher’s assistance. The collaboration seems helpful for both.” 

Additions to the EVALS and BULK Codes 

 Observation notes unveiled the relationship between peer-to-peer interactions and 

student motivation, but the notes also strengthened the previously discussed EVALS and 

BULK codes.  As a direct result of the student comments about their concerns related to 

work volume and assessments, I focused on student interactions related to these two areas 

during the observations.  I made note of the fact that the students were benefiting from 

working as a group to complete tasks related to the project. I also made numerous notes 

about the types of assessments that were given in the project.  
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On November 29, 2016, the notes stated, “The task sheets really help to make the 

connections from project to math skills but students appear to enjoy them the least. Both 

group two and three are needing to be redirected constantly and seemed unengaged with 

the task sheets.  The students prefer working on the PowerPoint and supporting 

documentation. Teacher refocusing was necessary for task sheets.” This observation, one 

of many of this nature, corresponded with students’ expression of their dislike for written 

assessments; the task sheets were written assessments directly correlated with the math 

standards for the benchmark.  

On December 14, 2016, the notes read, “students from groups one and four are 

doing well dividing up the assignments for the presentation.  Seems like the division of 

labor is helpful. The students are completing the assignments without complaining. They 

are needing little support from the teacher.” The note demonstrates how the volume of 

assignments was being addressed by multiple students and resulting in positive responses 

from the students. On December 14, 2016, I noted, “The shorter task sheets keep the 

students more engaged than the longer task sheets.” This note correlated with the 

students’ prior statements from the focus group as the group expressed their frustration 

with lengthy mathematics assignments. 

Benchmark Assessment Post-Test     

The process from the pre-test benchmark assessment was repeated on December 

21, 2016 for the post-test, marking the end of the PBL unit of instruction. I entered the 

post-test scores into the SPSS version 24 database. The t-tests were effective because the 

pre- and post-test data were collected at two different times and a single sample was 



 

 

 

 

92 

drawn from the designated population of students from the control and experimental 

group (Huck, 2012). 

All the students in the sixth-grade class, including the focus group participants, 

were assessed before and immediately following the six-week PBL unit.  First, a 

dependent t-test was conducted on the scores from the students that historically 

performed below proficiency level. The test was conducted to evaluate whether a 

statistically significant difference existed between the mean mathematics pre- and post-

test scores after the PBL unit. Before running the dependent t-test, the test scores needed 

to be tested for normality of distribution (Field, 2013). If the test scores had values of 

skew or kurtosis above or below 0, the test scores would indicate a deviation from normal 

because in a normal distribution, the values of skew and kurtosis are 0 (Field, 2013). The 

assumption of the normality of the differences between pre- and post-test scores was 

tested and was met since both the Skew and Kurtosis of the difference variable were zero. 

A Kolmogorov-Smirnov (K-S) test was also conducted on the test scores to test for 

normality of distribution.  The results of the K-S test revealed the experimental group 

scores, D(8) =.205, p = .20, did not deviate significantly from normal. Table 5 depicts the 

results from the Skew and Kurtosis normality test, and Table 6 depicts the results of the 

K-S test. 
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Table 5 

Results from the Skew and Kurtosis Normality Test for the Dependent t-test  

 

Benchmark Score Difference   

 

N Valid 8 

Missing 0 

 

Skewness 

 

.000 

Std. Error of Skewness .752 

Kurtosis .000 

Std. Error of Kurtosis 1.481 

 

Table 6 

 Results from the K-S Normality Test for the Dependent t-test 

 Kolmogorov-Smirnova Shapiro-Wilk     

 Statistic df Sig. Statistic df Sig. 

Benchmark 

Score 

Difference 

 

.205 

 

8 

 

.200* 

 

.931 

 

8 

 

.522 

 

Note. *This is a lower bound of the true significance. 

a. Lilliefors Significance Correction 

 

Upon running the dependent t-test from the experimental group, the results 

revealed that on average, the students’ improvement was statistically significant from the 

benchmark two pre-test (M=17.50, SD= 7.071) to the benchmark two post-test 

(M=42.50, SD=10.351).  This difference, -25, CI [-32.74, -17.26], was significant t(7) =  

-7.638, p<.001, and represented a very large effect, d= -2.87 after the PBL unit. Table 6 

depicts the results from the dependent t-test. 
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Table 7 

Results from the Dependent t-test 

   

 

 

Mean 

 

 

 

SD 

 

Std. 

Error 

Mean 

95% Confidence 

Interval of the 

Difference 

Lower     Upper 

 

 

 

t 

 

 

 

df 

 

 

Sig.  

(2-tailed) 

Pair 

1 

Benchmark 

Pretest - 

Benchmark 

Posttest 

 

-25.000 

 

9.258 

 

3.273 

 

-32.740 

 

-17.260 

 

-7.638 

 

7 

 

.000 

 

Table 8 describes the percentages as they relate to math proficiency level for both 

benchmark tests for the experimental group. Each percentage is accompanied by the level 

of proficiency the students achieved on the pre- and post-test assessment.  

 

Table 8 

Math Proficiency Levels of the Experimental Group for Pre- and Post-Tests  

Student Benchmark Two Pre-Test Benchmark Two Post-Test 

Mark 20% -Below Proficient 40% -Proficient 

Brian 20% -Below Proficient 60% -Proficient 

Roger 20% -Below Proficient 50% -Proficient 

David 20% -Below Proficient 40% -Proficient 

William 20% -Below Proficient 50% -Proficient 

Kenya 20% -Below Proficient 40% -Proficient 

Imani 0% -Below Proficient 30% -Below Proficient 

John 20% -Below Proficient 30% -Below Proficient 

 

After the dependent t-test was conducted to assess the PBL unit’s effects on the 

experimental group, an independent t-test was conducted to compare the post-test scores 

of the focus group participants with the remaining sixth-grade students.  Before 
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completing the independent t-test, the data needed to be assessed for homogeneity of 

variance as well as normal distribution. The homogeneity of variance is used to determine 

if a difference in the spread of scores around the mean exist (Field, 2013). The test for 

homogeneity of variance was conducted using the Levene’s F test. The Levene’s F test 

result was not significant due to the p > 0.05, F (1,18) = 3.22, p = 0.089; therefore, the 

homogeneity of variance can be assumed. To test for normal distribution, a Kolmogorov-

Smirnov (K-S) test was conducted on the test scores.  The results of the K-S test revealed 

the controlled group scores, D(12) =.128, p = .20 as well as the experimental group , D(8) 

=.220, p = .20, did not deviate significantly from normal.   Table 9 displays the results of 

the K-S test, and Table 10 depicts the Levene’s F test and independent t-test results.    

With the equal variances assumed and the test for normality passed, the result of 

the independent t-test stated that on average, the control group of students (N= 12), 

performing on mathematics proficiency level, demonstrated a higher proficiency 

mathematics post-test score (M = 66.67, SD = 21.462), than the focus group students (N= 

8), performing below math proficient level, (M = 42.50, SD = 10.351). This difference,    

-24.167, CI [-41.405, -6.929], was significant t (18) = -2.945, p = 0.009, d=1.39. 
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Table 9 

Results of the K-S Test for Independent t-test Post-Test Score Comparison  

 Kolmogorov-Smirnova 

Statistic 

Shapiro-Wilk 

df 

 

Sig. 

 

Statistic 

 

df 

 

Sig. 

Participated in 

Focus Group 

.220 8 .200* .917 8 .408 

 

Did Not 

Participate in 

Focus Group 

 

.128 

 

12 

 

.200* 

 

.959 

 

12 

 

.774 

 

Note. *This is a lower bound of the true significance. 

a. Lilliefors Significance Correction 
 

 

Table 10 

Results from the Levene’s F-test and the Independent t-test Post-Test Score Comparison 

 

  

 

 

F 

 

 

 

Sig. 

 

 

Mean  

Difference 

 

 

Std. Error 

Difference 

95% Confidence 

Interval of the 

Difference 

Lower     Upper 

 

 

 

t 

 

 

 

df 

 

 

Sig.  

(2-tailed) 

Equal 

variances 

assumed 

 

3.224 

 

.089 

 

-24.167 

 

8.205 

 

-41.405 

 

-6.929 

 

-2.945 

 

18 

 

.009 

 

Equal 

variances 

not 

assumed 

   

-24.167 

 

7.196 

 

-39.362 

 

-8.972 

 

-3.359 

 

16.801 

 

.004 

 

Table 11 describes the percentages as they relate to math proficiency level for 

both benchmark tests for the control group. Each percentage is accompanied by the level 

of proficiency the students achieved on the pre- and post-test assessment.  
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Table 11 

Math Proficiency Levels of the Control Group for Both Benchmark Tests  

Student 

Number 

Benchmark Two 

Pre-Test 

Benchmark Two 

Post-Test 

9 30% -Below Proficient 80% -Above Proficient 

10 40% -Proficient 70% -Proficient 

11 100% -Above Proficient 100% -Above Proficient 

12 30% -Below Proficient 60% -Proficient 

13 40% -Proficient 50% -Proficient 

14 40% -Proficient 40% -Proficient 

15 50% -Proficient 70% -Above Proficient 

16 60% -Proficient 80% -Above Proficient 

17 20% -Below Proficient 60% -Proficient 

18 40% -Proficient 30% -Below Proficient 

19 20% -Below Proficient 60% -Proficient 

20 70% -Proficient 100% -Above Proficient 

 

The dependent t-test revealed that the experimental group students achieved 

significantly higher scores on the post-test following the PBL unit; however, the first 

independent t-test proved that the mean scores from the control group were significantly 

higher on the post-test than the experimental group.  A final analysis of the data needed 

to be completed to determine whether the difference in scores from the pre- and post-test 

of the experimental group was statistically higher than the difference in scores for the 

control group. A second independent t-test measuring the statistical significance of the 

difference in score for each group was used to determine the results. 

The Levene’s F test was again used to test for homogeneity of variance. The 

Levene’s F test result was not significant due to the p > 0.05, F (1,18) = 3.995, p = 0.061; 

therefore, the homogeneity of variance can be assumed. To test for normal distribution, a 

Kolmogorov-Smirnov (K-S) test was conducted.  The results of the K-S test revealed the 
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controlled group scores, D(12) =.174, p = .20 as well as the experimental group , D(8) 

=.205, p = .20, did not deviate significantly from normal.  Table 12 displays the results of 

the K-S test.  

The results of the independent t-test revealed the two-tailed value of p is .645, 

which is greater than 0.05, and so the conclusion can be made that there is was no 

significant difference between the means (Fields, 2013).  On average, the experimental 

group (N=8), performing below math proficient level, demonstrated a higher benchmark 

score difference from the pre- and post-test (M= 25, SD = 9.258), than control group 

(N=12), performing on mathematics proficiency level (M= 21.67, SD = 21.67). This 

difference, 3.33, CI [-11.602, 18.269], was not significant t(18) = .469, p = .645, and 

represented a small effect size, d= 0.2. The inference is that the unit did not statistically 

significantly close the achievement gap between the students performing at a proficient 

level and those that did not. Table 13 depicts the results of the second independent t-test. 

 

Table 12 

Results of the K-S Test for Difference in Test Score Comparison 

 Kolmogorov-Smirnova 

Statistic 

Shapiro-Wilk 

df 

 

Sig. 

 

Statistic 

 

df 

 

Sig. 

Participated in 

Focus Group 

.205 8 .200* .931 8 .522 

 

Did Not 

Participate in 

Focus Group 

 

.174 

 

12 

 

.200* 

 

.954 

 

12 

 

.692 

 

Note. *This is a lower bound of the true significance. 

a. Lilliefors Significance Correction 
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Table 13  

 

Results from the Levene’s F-test and the Independent t-test Difference in Test Score 

Comparison 

 

  

 

 

F 

 

 

 

Sig. 

 

 

Mean  

Difference 

 

 

Std. Error 

Difference 

95% Confidence 

Interval of the 

Difference 

Lower     Upper 

 

 

 

t 

 

 

 

df 

 

 

Sig.  

(2-tailed) 

Equal 

variances 

assumed 

 

3.995 

 

.061 

 

3.333 

 

7.109 

 

-11.602 

 

18.269 

 

.469 

 

18 

 

.645 

 

Equal 

variances 

not 

assumed 

   

3.333 

 

6.265 

 

-9.882 

 

16.549 

 

.532 

 

17.037 

 

.602 

 

Focus Group Session Two: “I Guess, Maybe, I Don’t Hate It.” 

Upon completion of the PBL unit, the same eight students from the first focus 

group completed a second focus group interview, and the same focus group process was 

repeated. The final interview focused a great deal on the students expressing their 

thoughts and feelings as they related to working together as a group as well as completing 

mathematics assignments through a PBL approach. Only one additional code emerged 

from the second interview; however, many of the previous codes were strengthened and 

clarified in the interview.  The first code discussed in the section is the new code that was 

revealed in the final interview.  The codes that were strengthened in the interview are 

discussed in the order of frequency of the statements.  

Code: PACE 

The code PACE describes the students’ feelings about how quickly students 

complete an assignment or project task. This code emerged in the final interview when 
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students began to discuss their excitement about completing assignments that they 

perceived as difficult in a timely manner.  During the interview, I asked the students to 

discuss anything that they liked about PBL, and quickly, Brian explained, “We learn 

math in a different way now, and a better way to understand how we can do it faster, 

quicker, and how we can learn faster.” When asked to clarify his thoughts, he stated, 

“This is a different way of learning math, and I understand it faster this way.” Kenya 

agreed, and simply stated, “We learn more faster this way.” Mark interjected, “At first I 

felt not very well working together with people, but now it gets the work more faster 

done. It gets the work done more fast. More faster [sic] because some people know what 

the answer is and we can work together to find the sum.” Several students commented on 

how their understanding and ability to complete assignments in a timelier manner 

improved during the PBL instruction.  

Additions to the TRY-IT-OUT, XCHANGE, and COLLAB Codes 

 During the classroom observations, an extensive number of notes were centered 

around the peer-to-peer interactions.  So, in the focus group, I asked the students to 

discuss their feelings about group work and their ability to socialize with others in the 

PBL format.  William added to the XCHANGE code by stating, “The thing that I didn’t 

like is when the other students were arguing and starting other conversations, and then we 

get in trouble about arguing.” Mark agreed, “The thing that I don’t like is when people 

start talking out of nowhere and just looking you in the eye weirdly.” David added to the 

conversation by stating, “The least thing is when people kept saying shut up. There are 

some people in our classroom that keep on saying shut up.” John changed the 
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conversation more in the direction of the COLLAB code by adding, “It’s kind of good 

though, working in groups because we can work together and if somebody need help or 

something somebody helps them.” As John made the statement several students began to 

agree, and Imani stated, “I like my group when we got along.  When we need help with 

something, one of our classmates helped us with it.” 

 When I asked the students if the support they received from group members was 

the best part of the PBL instruction, some students stated yes.  However, a few students 

stated no, and their explanations related to the TRY-IT-OUT code. Brian stated, “No, the 

best part is I think Project-Based Learning is different than normal learning because you 

understand more and you learn differently. You do more fun things with the projects.  We 

plan our own field trips for our class and that was important.” Roger agreed and stated, “I 

like PBL better because its funner [sic] because we get to plan our own field trips through 

our projects. We did way more stuff with Project-Based Learning.” 

 As the final focus group session ended, I thanked the students for being a part of 

the study and asked for final thoughts and comments about PBL and math.  Imani raised 

her hand and stated, “I guess, maybe, I don’t hate it.” 

Data Display Stage 

Onwuegbuzie and Teddlie (2003) describe the data display stage of analysis as a 

method of creating tables, graphs, or charts for presenting the data in an easily viewable 

manner.  In this study, qualitative and quantitative data were collected in an alternating 

pattern, and the data analysis is presented in this chapter in the same order to provide a 

clear depiction of how the information unfolded at each stage.  The following data 
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display tables present a visual overview of how these codes came together to create a 

clear depiction of the data collected throughout the study.  Table 14 displays the codes, 

code definitions, and key words from the excerpts that were grouped together to form the 

categories of codes that emerged from the interviews and classroom observations.  Table 

15 displays the frequency of each code from the focus group interviews and six 

classroom observations.  The codes are presented in the order of the frequency that the 

code appeared in the combined notes from interviews and observations.  

 

Table 14 

Codes, Code Definitions, and Key Words 

Code Code Definitions Key Ideas about 

Traditional Approach 

Key Ideas about PBL 

Approach 

 

TRY-IT-

OUT  

Experiments or 

Project Tasks- 

Student feelings 

about the presence 

of projects and 

experiments in the 

class. 

• Experiments are 

lacking in math 

• Math is boring 

because of lack of 

experiments 

• Students enjoyed 

science more 

because they can 

try-it-out. 

 

• PBL is favored 

because of the 

projects 

• Using mathematics 

creates interest 

• The relevancy of the 

PBL activities to life 

increases interest 

• Students felt math 

had importance now  

COMPLEX  Difficulty of 

Assignments- 

Student feelings 

and researcher 

observations 

about the 

perceived 

difficulty of the 

mathematics 

assignments given 

in class. 

• Did not favor  

assignments 

considered too 

difficult or too easy. 

• Assignments that 

are considered too 

easy or difficult 

lowers motivation 

 

• Makes difficult 

assignments feel 

easier to complete 

• Increased self-

efficacy in 

completing difficult 

assignments 
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Table 14 – continued 

Code Code Definitions Key Ideas about 

Traditional Approach 

Key Ideas about PBL 

Approach 

 

XCHANGE  Social- Student 

feelings and 

researcher 

observations 

about 

conversations and 

peer-to-peer 

interactions 

unrelated to class 

assignments.  

• Lecture style 

teaching lowers 

motivation 

• Students wanted 

more peer-to-peer 

social interactions in 

class. 

• More social 

interactions often 

lead to bickering and 

conflict without 

conflict resolution 

skills 

• Lack of conflict 

resolution skills lead 

to more teacher 

involvement 

• Student motivation to 

complete 

assignments 

decreased with 

increased conflict 

COLLAB  Group Work - 

Student feelings 

and researcher 

observations 

about the 

effectiveness of 

group work and 

peer-to-peer 

interactions 

related to class 

assignments. 

• Students desired 

more group work 

based on 

experiences from 

science class. 

• Students only 

favored group work 

when everyone 

contributed. 

• Lower performing 

students benefited 

from heterogeneous 

groups 

• Working together on 

assignments 

increased motivation 

• Groups created a 

support system for 

students that struggle 

with math content  

BULK  Volume of 

Assignments- 

Student feelings 

and researcher 

observations 

about the amount 

of written 

assignments given 

in class. 

• Did not favor 

assignments 

considered too long 

• Assignments that 

are considered too 

long lowers 

motivation 

 

• Groups allowed 

students to divide up 

long assignments. 

This was favored by 

the students. 

• Shorter assignments 

had students more 

engaged for the 

entire assignment 
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Table 14 – continued 

Code Code Definitions Key Ideas about 

Traditional Approach 

Key Ideas about PBL 

Approach 

 

PACE  Speed of 

Completion- 

Student feelings 

and researcher 

observations 

about how 

quickly students 

complete an 

assignment or 

task. 

 • Students favored 

completing assignments 

faster so increased 

motivation. 

• Direct instruction from 

teachers slowed 

completion time when 

compared to students 

working with a peer 

because of wait time. 

EVALS  Assessments- 

Student feelings 

and researcher 

observations 

about the presence 

of written 

assessments. 

• Students did not 

favor written 

assessments 

• Students did not 

understand the 

purpose of 

benchmark testing.  

• Students favored 

assessments they 

considered meaningful. 

• Students favored 

assessments that allowed 

students to be creative. 

 

 

Table 15 

Frequency of Codes in Focus Groups and Classroom Observations 

Code Code Occurrence Frequency 

 

TRY-IT-OUT (44) IIII   IIII  IIII  IIII  IIII  IIII  IIII  IIII  IIII 

COMPLEX (35) IIII  IIII  IIII  IIII  IIII  IIII  IIII 

XCHANGE (27) IIII  IIII  IIII  IIII  IIII  II 

COLLAB (20) IIII  IIII  IIII  IIII 

BULK (15) IIII  IIII  IIII 

PACE (8) IIII III 

EVALS (8) IIII III 
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Data Transformation Stage 

 Onwuegbuzie and Teddlie (2003) describe the data transformation stage as an 

opportunity to categorize the codes that emerged from the qualitative data into common 

themes.  The themes are then analyzed for their overall impact on the results of the study. 

After coding the qualitative data from this study, three apparent themes emerged from the 

codes.  Figure 3 displays the results from grouping the codes into three themes. One 

factor that emerged as a common theme is the data related to the level of rigor.  Level of 

rigor can be defined as the academic challenges the mathematics assignments presented 

for the students. During the interviews and the classroom observations, several students 

referenced the difficulty of the math assignments, the amount of work the students were 

given, and the amount of time the students needed to successfully complete each task. 

Each one these aspects are associated with the challenges students face with completing 

math assignments; therefore, level of rigor was identified as an appropriate theme.   
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Figure 3. Themes 

 

 

Social interaction, the second factor, was defined as the interactions that each 

student had with peers in the classroom along with their interactions with the 

participating teacher. One level of interaction involved peer-to-peer conversations 

associated with the tasks that were connected to the unit; however, several quotes from 

the interview and the observations were connected to peer-to-peer interactions that were 

off-task in nature. These off-task interactions were often arguments or disagreements that 

the students had between group members. Both the on-task conversations and the off-task 

conversations continued to emerge from the qualitative data; therefore, the social 

interactions theme seemed appropriate.  The final factor was student engagement.  

Conversations about student experiences, including projects, experiments, and written 

Themes

Level of 
Rigor

COMPLEX

BULK

PACE

Social 
Interactions

COLLAB

XCHANGE

Student 
Engagement

TRY-IT-OUT

EVAL
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assessments were repetitive categories that emerged from the data. Because each one of 

the categories involved some level of student engagement, this theme seemed 

appropriate. 

Data Correlation Stage 

When analyzing the quantitative and qualitative data, a correlation seemed more 

appropriate as opposed to consolidation or comparison.  The transcripts from both focus 

groups, classroom observations, and the scores from the benchmark assessment were 

used to identify common themes related to the outcomes of the PBL unit. 

Level of Academic Rigor in Mathematics and Motivation 

 One factor that impacted the students’ motivation in the PBL mathematics unit 

was the level of academic rigor in the mathematics assignments. Before the PBL unit, 

consistently, students discussed not liking mathematics class and their unwillingness to 

complete tasks when the assignments were too difficult or too simple. In the first 

interview, one student expressed, “I agree with Imani, I don’t like math because the only 

thing we did was count blocks and stack them and the rest of our group was goofing off 

because it was baby work.” The quote described the relationship of the rigor of 

mathematics assignments to students’ liking or disliking of mathematics. However, after 

the PBL unit was introduced, students discussed being motivated to complete new 

mathematics assignments after they were successful in completing tasks they previously 

considered difficult.  In the second interview, one student stated, “I think I’m doing well 

because when we get an assignment now, I’m able to do it and it’s not that hard and I can 

turn it in now.”   
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The students added to the conversation about rigor by stating the timeliness of 

completing an assignment and the volume of work that was given in the classroom also 

affected their motivation.  Before the PBL unit, the students believed that completing 

simple tasks quickly was a reason not to like mathematics; however, lengthy assignments 

that were repetitive in nature were also not favored. However, when students were able to 

understand mathematics that they considered difficult faster than before, their motivation 

increased. In one interview, Brian stated, “I like this class better now because we learn in 

a different way and a better way to understand how to do it faster, quicker, and how we 

can learn faster.”  

 Connecting the students’ feelings about rigor to their performance on the 

mathematics benchmark assessment is key to the findings.  Memos from the classroom 

observations were key in making connections between student perceived rigor and 

student performance on the second benchmark. Notes from the December 8, 2016 class 

observation stated, “Imani, John, and Kenya do not know their multiplication facts, and 

they are unable to move forward with the task sheet without using the multiplication 

tables chart.  Their body language demonstrates they have shut down. They are not 

making any attempts and not asking for help.” The students that expressed positive 

feelings about the assignments during the lessons had the highest increases in score on 

the second benchmark assessment; however, the students that expressed the highest 

concern about the rigor of the class assignments or refused to complete assignments 

because they perceived the assignment to be too difficult scored the lowest on the second 

benchmark.  The appropriate level of academic rigor in the mathematics classroom either 
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raised or decreased the student’s self-efficacy, thus impacting the motivation to learn the 

mathematics concepts needed to be successful on the benchmark assessment.  

Social Interactions and Motivation 

A second factor that emerged from the data that impacted the students’ motivation 

in the PBL mathematics unit was social interaction.  A collection of statements from the 

students points to the fact that the students recognized the benefits of working in groups.  

In the second interview, Brian stated, “I think working in groups gave me the courage to 

share with other people the things I know about them and the things I learn in math class. 

And that I can work together with people I don’t even like or know that much. Yeah 

that’s it.”  Statements like this one, along with field notes from classroom observations, 

revealed that many of the students favored the peer-to-peer interactions.   

The peer-to-peer interactions that involved students helping one another on the 

project assignments seemed beneficial to the students. Throughout the unit, each group 

was provided task cards or task sheets that were connected to the mathematics content 

that was being introduced during the project.  Students were required to apply the 

information from the mini-lesson to complete the tasks relevant to project. One example 

emerged during the November 16, 2016 observation. During the observation, I counted 

eight times where group one worked together to complete the tasks at hand. During the 

same observation, group two interacted only twice on the same task sheet assignment. 

Group one completed the task sheet for the day quicker with a higher percentage of 

accurate responses when compared to group two who did not complete the task sheet for 

the day and received a failing score for the individual assignment.  Consistently, the 
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groups that worked together were more productive than the groups that were not utilizing 

the ability to work together. These observations, along with statements from the second 

focus group session, demonstrated the group work increased the student’s motivation and 

ability to complete the mathematics assignments.   

Although the peer-to-peer interaction created opportunities for the students to 

learn from one another, other peer-to-peer interactions had an inverse effect on student 

motivation. The results revealed that disagreements, personal insults, and rude comments 

hindered group work during the PBL unit.  During the second focus group session, David 

stated, “The least thing in our class is like what Brian said. Saying, quit saying shut up. 

There are some people in our classrooms that keep on saying shut up.” This sentiment 

was repeated several times through the focus group interview, and the classroom 

observation notes described how students would resort to seeking help from the teacher 

or attempting to complete the tasks independently when the negative interactions 

emerged after students made attempts to work together.  

 Although the teacher interactions were discussed less by students than peer 

interactions, the teacher interaction is worth mentioning because the interactions were 

normally an indicator of the peer-to-peer interaction factor. Failed attempts to collaborate 

within a group often lead to high levels of teacher interactions within the group. Notes 

from the December 8, 2016 class visit stated, “Groups two and three are bickering.  They 

are unable to reach a solution without teacher support.” Students would resort to asking 

questions about a specific task when the peer-to-peer interactions had failed and no 

resolution was made.  In addition, teacher interactions would increase during times that 
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the students felt the rigor of the assignments were too difficult and no one from the group 

understood their next steps in completing the task. During these times, students seemed to 

need additional resources to support their learning to avoid the increase support from the 

participating teacher.  The presence of the teacher normally yielded adverse effects with 

student motivation because the teacher’s presence represented a lapse in peer-to-peer 

interactions or lack of mathematics understanding within the group.  In some scenarios, 

the students seemed frustrated by the need to have the teacher intervene with a group 

member, and in other cases, the teacher’s presence signaled to the other groups that the 

group lacked understanding with the concept.    

Student Engagement and Motivation with Mathematics Projects  

 The final factor that impacted student motivation in their middle school 

mathematics class was the presence of authentic assessment and experiences in PBL. The 

statements from the focus groups revealed that they felt motivated when they were 

involved in experiments, classroom projects, and activities that allowed the students to be 

active during the learning process.  During the second interview, Brian stated, “I like 

PBL better because it’s funner [sic] because we got to plan our own field trips for our 

class.” William added similar sentiments by stating, “I like PBL because we learn the 

same things as regular math classes, but like we do other things like field trips, 

presentations, and stuff.” Unlike the other themes, each one of the eight students that 

participated in the focus group favored the active learning style that they were allotted 

because of the PBL instruction. The active learning appealed to the students because the 

students enjoyed completing assignments that they felt were important.  
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PBL and Academic Achievement 

The dependent t-test revealed that the PBL unit significantly improved the scores 

for the experimental group.  However, although each one of the students had a percentage 

increase in their scores, every student did not increase in their level of proficiency based 

on the range of the scores in every level. Although their percentages increased, both 

Imani and John remained in the below proficient level on the benchmark post-test.  Imani 

and John receive special needs services, and both students required additional support 

from the special needs teacher during mathematics.  During the class observations, Imani 

and John appeared to have some of the highest gaps in foundational math computation 

skills such as basic multiplication and division, and this lack of knowledge in 

foundational skills may have contributed to their post-test scores.  In addition to her 

foundational gaps, Imani stated in the first interview that she “hated math,” and 

throughout the study, she seemed reluctant to engage in completing the assignment.  The 

poor computation skills combined with the negative disposition towards mathematics 

may have contributed to the failed attempt to perform higher than below proficient on the 

benchmark test. In addition to Imani and John remaining in the below proficient level, 

one of the students in the control group had a decrease percentage after the PBL 

instruction. This student was not a part of either focus group interview and was not the 

focus during classroom observations; therefore, little can be determined as to why the 

student decreased their proficient level on the post-test. 

Although the average mean score of the students that historically perform below 

math proficient level had statistically significant increases after the six-week PBL unit, 
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the results of the independent t-test added additional information regarding the effects of 

the PBL on student performance.  The results of the independent t-test revealed a 

significant difference of the post-test scores between the two groups of students, and the 

unit did not significantly close the achievement gap between the students performing at a 

proficient level and those that did not.  

Data Integration Stage 

Onwuegbuzie and Teddlie (2003) describe the last stage of data analysis, data 

integration, as a process of combining data into one coherent whole that mixes the 

qualitative and quantitative data, or two separate wholes, which separate the qualitative 

and quantitative data. For this study, the data allotted for collective inferences, thus 

creating one coherent whole.  The social interactions and level of rigor themes appear to 

have both positive and negative effects on student motivation.  The nature of the social 

interactions appears to be determining factor as it relates to motivation.  The COLLAB 

code, representing the peer-to-peer interaction related to the PBL unit, seemed to support 

the students in understanding the material needed to increase their benchmark scores. 

This support seemingly contributed to an increase in student motivation; whereas, the 

XCHANGE code, representing the peer-to-peer interaction that was off-task from the 

PBL unit, did little to contribute to growth in understanding and student motivation.  

The level of rigor theme seemed to have similar effects.  For the students that 

divided the tasks related to the PBL unit into assignments that the students felt confident 

in completing, the benchmark scores increased. The division of labor seemed to increase 

student motivation; however, for the students that found the PBL unit tasks too difficult 
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and unmanageable within the group, the rigor did little to contribute to growth in 

understanding, which also minimized the test scores. So, although both the social 

interactions and level of rigor had significant effects on the scores and the motivation, the 

nature of both themes determined their relationship to the findings.  

Finally, the theme of student engagement seemingly had significant effects on the 

student motivation. The theme involved student comments and researcher observations 

about students’ active learning opportunities.  Both the observations and transcripts point 

to a positive relationship between student engagement, defined by the number of projects 

and experiments connected to mathematics, and the students’ motivation to learn.  This 

factor appears to have a direct relationship with students’ understanding of mathematics 

concepts and the students’ motivation to complete mathematics tasks.  During the 

interviews, students spoke about their enjoyment of projects and experiments. Based on 

feedback from the students, they enjoyed figuring out the details with their peers opposed 

to simply hearing about what should occur from their teacher.  The students felt the tasks 

they were completing were important and valuable to their class, and this perception 

increased their motivation to complete the tasks. After completing the PBL unit, the 

benchmark scores of the experimental group had a statistically significant increase and 

the students appeared to be more motivated to complete mathematics assignments.  

Summary 

The purpose of the study was to apply Vygotsky’s (1978) Sociocultural Theory 

and Dewey’s (1938) educational paradigm to an investigation to determine whether the 

PBL approach to instruction impacts the academic achievement and motivation of sixth 
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grade African American students who normally perform below proficiency in 

mathematics. The aim was to determine if the approach to instruction had significant 

effects on benchmark mathematics scores. In addition to the scores, the study looked to 

determine what factors, if any, in PBL contribute to student motivation in mathematics. 

The study found evidence that peer-to-peer interactions are influential in student 

motivation.  The study also found evidence that active learners have more motivation to 

learn. Chapter Five presents an overview of the study, a review of the findings, 

conclusions, implications, limitations, and recommendations for future research. 
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CHAPTER 5 

DISCUSSION, IMPLICATIONS, AND RECOMMENDATIONS 

Chapter One introduced the study and provided context and background for the 

reader. Chapter Two presented the study’s literature review of related topics such as 

constructivist pragmatism, Project-Based Learning, current middle school mathematics 

pedagogy, African American student performance in mathematics, and student 

motivation. Chapter Three described the study’s mixed methods research design and 

Chapter Four presented the results of data analysis. Chapter Five includes a summary of 

the study and a review of the study’s findings, and discusses the study’s conclusions, 

implications, limitations, and recommendations for future research.   

Summary of the Study 

Research suggests that pedagogy that is engaging, inquiry driven, and supports 

diversity of learning styles will appeal to students who do not normally perform at 

proficient levels (McKinney & Frazier, 2008).  Project-Based Learning (PBL), an 

approach grounded in authentic classroom experiences and social interactions that 

promotes inquiry driven instruction, has the potential to increase academic achievement 

and student motivation (Megowan-Romanowicz et al., 2013).  This mixed methods study 

sought to measure the effects of PBL on the motivation and proficiency level of African 

American sixth-grade students who do not normally perform at proficient levels in 
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mathematics. The study attempted to determine what factors, if any, contributed to 

student motivation in a Project-Based Learning environment in middle school 

mathematics.  The purpose of the study was to determine whether the PBL approach to 

instruction has the potential to increase African American student academic achievement 

in mathematics.  The study was grounded in Vygotsky’s (1978) Sociocultural Theory and 

the tenets of Dewey’s (1938) progressive educational paradigm.  Using a constructivist 

approach, the study addressed two research questions: 

1. How does Project-Based Learning impact academic achievement of African 

American students with low performance in mathematics? 

2. What factors impact African American students’ motivation in a Project-Based 

Learning approach to mathematical instruction? 

 The study took place in a private, independent K-8th school located in the 

southeastern United States.  The school had a population of 212 students with twenty 

students in the sixth grade. These twenty sixth grade students participated in a pre- and 

post-test designed to measure math proficiency levels. The pre-test was followed by a 

six-week PBL unit of instruction, and the post-test immediately followed the unit.  Eight 

of the students had a grade equivalent score below the sixth-grade level on the ITBS test. 

These eight students participated in two focus group interviews, one preceding the PBL 

unit and one immediately following the unit. Six weekly classroom observations were 

completed by the researcher to gather field notes during the PBL unit.  

 The focus group interview data along with the notes from the observation 

underwent were analyzed to determine the factors of PBL instruction that impacted the 
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students’ motivation. The pre- and post-test scores from the benchmark assessment were 

measured in dependent and independent t-tests to determine the effects of the PBL unit 

on the academic achievement for the sixth-grade students.  The researcher followed 

Onwuegbuzie and Teddlie’s (2003) seven-phase data analysis process in order to 

integrate quantitative and qualitative data into meaningful findings.  

Review of the Findings 

Independent and dependent t-tests were used to calculate the statistical 

significance of the pre- and post-test scores, and the results from the tests addressed the 

study’s first research question.  The results of the dependent t-test demonstrated that the 

PBL unit created a statistically significant improvement on the focus group students’ test 

scores. On average, the students’ improvement was statistically significant from the 

benchmark two pre-test (M=17.50, SD= 7.071) to the benchmark two post-test 

(M=42.50, SD=10.351).  This difference, -25, CI [-32.74, -17.26], was significant t(7) =  

-7.638, p<.001, and represented a very large effect, d= -2.87 after the PBL unit. 

Results of the first independent t-test were also analyzed. The first independent t-

test demonstrated that the control group’s post-test scores were statistically higher than 

the experimental group’s post-test scores. On average, the control group of students (N= 

12), performing on mathematics proficiency level, demonstrated a higher proficiency 

mathematics post-test score (M = 66.67, SD = 21.462) than the focus group students (N= 

8), performing below math proficient level (M = 42.50, SD = 10.351). This difference, -

24.167, CI [-41.405, -6.929], was significant t (18) = -2.945, p = 0.009, d=1.39.  Finally, 

the results of the second independent t-test addressed the existing mathematics 
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achievement gap between the experimental group and the control group.  The 

independent t-test demonstrated that the PBL unit did little to close the gap between the 

students that performed at a proficient level and those that did not. On average, the 

experimental group (N=8), performing below math proficient level, demonstrated a 

higher benchmark score difference from the pre- and post-test (M= 25, SD = 9.258) than 

the control group (N=12), performing on mathematics proficiency level (M= 21.67, SD = 

21.67). This difference, 3.33, CI [-11.602, 18.269], was not significant t(18) = .469, p = 

.645, and represented a small effect size, d= 0.2. 

 The results of the focus group interviews and classroom observations addressed 

the study’s second research question. The interviews and observations suggest that two 

internal factors related to student perceptions impacted African American students’ 

motivation in PBL approach to mathematical instruction. Both the student’s perceptions 

on the level of rigor of the mathematics assignments and the presence of classroom-based 

student engagement activities that the students perceive to be fun and valuable altered 

motivation. The nature of the peer-to-peer interactions among the students in the 

classroom was an external factor that impacted the students’ motivation. 

Discussion of the Findings 

 In this study, three factors impacted African American students’ motivation in a 

Project-Based Learning approach to mathematical instruction, including the level of rigor 

in mathematics, social interactions in the PBL unit, and student engagement in 

mathematics projects. A discussion of each of these factors follows.  
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Level of Academic Rigor in Mathematics 

Self-efficacy is a belief in one’s abilities to organize and execute the courses of 

action required to complete a task; as self-efficacy increases, motivation to complete a 

task increases (Bandura, 1977).  Successful personal experiences and accomplishments 

increase self-efficacy; conversely, past failures in a task result in a lower self-efficacy 

(Bandura, 1977).  Schunk (2008) argues that individuals desire to be viewed as successful 

so as to preserve self-worth; therefore, they will demonstrate ability or perform an action 

to demonstrate to others the value of their worth. Self-efficacy was germane to the focus 

group interviews and the classroom observations in this study. 

The student participants discussed being highly motivated when they were 

successful in completing project assignments that they considered challenging or 

academically rigorous. Contrarily, the students’ motivation decreased when they faced 

assignments that they considered too challenging or beyond their level of understanding. 

The appropriate level of academic rigor in the mathematics classroom either raised or 

decreased the student’s self-efficacy, impacting their motivation to learn the mathematics 

concepts needed to be successful on the benchmark assessment.  

In the PBL approach to instruction, students are required to work in groups to 

seek understanding and provide a final product. Students work together to research, 

problem solve, and answer the driving question related to the project. This division of 

work and collaboration allows large tasks and complicated assignments to be completed 

by students as a collective unit. The groups also allot for differentiation of task between 

the groups, thus reducing the stress on one group member to know all the answers and 
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solve all the problems.  The PBL unit allots for participating teachers to create 

heterogeneous groups based on mathematics proficiency levels to help students needing 

additional support with the mathematics content; this support can help improve their self-

efficacy in mathematics content. The PBL approach to instruction addresses the need to 

maintain a perceived healthy level of rigor for the students by requiring the students to 

reason, problem solve, and answer complex questions within a supportive group of peers.  

The lower performing students were able to capitalize on the presence and knowledge of 

other group members to support them in their efforts of understanding complex 

mathematics ideas, and this opportunity to learn from others may increase their 

motivation to learn.  

Social Interactions in the PBL Unit 

During the study, two sets of interactions occurred: peer-to-peer interactions that 

took place between group members, and interactions between the students and the 

participating teacher. Over the course of the six-week unit, students were divided into 

groups. The eight students from the focus group interview were distributed evenly 

between four different groups during the PBL lessons.  The formation of the groups 

presented opportunities for peer-to-peer interactions among the students in each group. 

Groups offer benefits for both high and low performing students and students who work 

in groups outperform individuals on learning tasks (Darling-Hammond, 2012; Wing-yi et 

al., 2008).  Bandura (1977) argues that collaboration with more capable peers increases 

the learners’ self-evaluation of capability and academic attainment. Carr, Johnson, and 

Bush (2016) elaborated on this argument through the idea of distributed cognition. The 
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idea of cognition distributed among people explains how students within a group rely on 

each other to supplement and clarify knowledge gaps among group members.  

Although often in a conflicting manner, these ideas were quickly realized in 

evaluating the responses from the focus group interviews and the classroom observations. 

Consistently, the groups that worked together to complete project assignments were more 

productive than the students that were not utilizing their group. Mathematical information 

spread among students to create a greater understanding for all the students involved in 

the group (Carr et al., 2016).  The qualitative data support the idea that the peer-to-peer 

interactions that were associated with the project and mathematics content under the 

COLLAB code increased the students’ desire and motivation to complete the 

mathematics assignments. This idea of positive COLLAB interactions coincides with the 

Reinhart (2000) study that revealed that students enjoyed conversing with one another 

about mathematics concepts.  However, as the students began to work in groups, the need 

to make collective decisions and resolve complex dilemmas created conflict within the 

groups. Disagreements and personal insults were peer-to-peer interactions described by 

the XCHANGE code that negatively impacted student motivation. These negative 

interactions often led to a more teacher-driven class environment and hindered the 

process of student discovery and resolution within the groups.  

Student Engagement in Mathematics Projects 

Results from the quantitative data suggest that the creation of authentic 

experiences increases student understanding in different academic core content areas 

(Attard, 2013; Beckett & Miller, 2006). The qualitative data also support findings from 
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the quantitative data. Of the three motivational factors identified in this study, student 

engagement had the largest agreement among the participants.  Before PBL, the students 

complained about boredom and the presence of unimportant assignments in the 

mathematics class. However, collectively, the students shared positive statements about 

the presence of the activities, labs, and project assignments in the PBL unit. The 

assignments allowed the students to be active and engaged in the learning process.  

Connections with the Theoretical Framework 

The theoretical framework undergirding the study was based on principles from 

Sociocultural Theory (Vygotsky, 1978) and tenants of Dewey’s (1938) progressive 

educational paradigm. The PBL approach to instruction applies aspects of Sociocultural 

Theory because students are required to synthesize information during the process of 

answering the driving question; Vygotsky (1978) postulates this synthesis process is how 

learning is demonstrated.  Vygotsky’s (1978) five principles of social interactions, 

including self-regulation, construction of knowledge, language development, and zone of 

proximal development are the keys to reaching this synthesis level.  Of the five principles 

of Sociocultural Theory, social interactions and the zone of proximal development were 

the two principles most evident in the data from this study. 

During the six-week PBL unit, students were required to work in heterogeneous 

groups to create a presentation for their principal. The presentation was grounded in 

mathematical evidence that the students had discovered over the course of the unit. To 

create the presentation, the students worked in groups of four, which created numerous 

opportunities for peer-to-peer interactions.  Students were required to collaborate on 
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aspects of the presentation such as what field trip they wanted to pitch to the principal, 

what visuals and supporting documents were needed to support the PowerPoint 

presentation, and what role each student desired to fulfill in the presentation planning.  In 

addition to these interactions, students were asked to work together to demonstrate their 

understanding of the math concepts by completing mathematics task cards and sheets as a 

group.  Students were given questions related to the standards.  After they completed the 

cards or sheets, they were asked to incorporate this new information into their 

presentation.  The students could choose how they wanted to incorporate the knowledge, 

but the new concept must be used somewhere in the presentation. These numerous 

opportunities to interact with one another created peer-to-peer interaction opportunities.  

The results demonstrated that the focus group students benefited from peer-to-

peer social interactions that supported their learning processes.  When students could ask 

questions and seek advice from their more capable peers, the benchmark scores 

improved.  However, negative peer-to-peer interactions that the students considered 

demeaning or cruel diminished their motivation to learn the mathematics skills and 

constructed knowledge was less evident.  Students that did not receive support required 

more teacher intervention or demonstrated unmotivated behavior when completing the 

project requirements. The supportive peer-to-peer interactions in the groups relate to 

Vygotsky’s (1978) zone of proximal development (ZPD), in which learners gain a greater 

understanding with the support of others versus an independent experience with the same 

information.  The presence of higher achieving students that were willing and able to 
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support the learning process for the focus group students created an atmosphere for 

growth of understanding in mathematics for the lower performing students.   

The positive social interactions in conjunction with this active learning style 

supported the students in the efforts to gain mathematics content knowledge. Dewey’s 

(1938) progressive educational paradigm is grounded in the idea of active learning and 

students’ ownership of their learning; the PBL approach to instruction aligns with 

Dewey’s (1938) education model.  Of all the factors discussed in the interviews and 

observations, the students’ attraction to the authentic learning experiences was the only 

factor that all the students agreed was a contribution to their motivation as well as their 

understanding.  Students discussed their delight in completing activities that were 

engaging, required complex thought, and allowed time to work with their peers.  The 

students enjoyed the discovery process as well as the impacts they felt their work had on 

their overall school experience. Collectively, the students stated they enjoyed the projects 

and experiments, and six of the eight focus group students improved in their 

understanding of the mathematics concepts and were able to perform at a proficient level 

on a benchmark assessment after completing the six-week PBL unit. 

Limitations 

This study was not without limitations.  The sample size of this study limits the 

generalizability of the findings (Mertens, 2015). The study’s population was African 

American students with diverse socioeconomic (SES) status and learning cognition 

levels; however, the students were from only one school. Twenty students completed the 

pre- and post-tests; however, a larger sample size would have been ideal for the 
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independent and dependent t-tests. The study was a quasi-experiment, and all the sixth-

grade students were placed in the class due to their enrollment in the school; therefore, 

randomization could not be attained (Mertens, 2015). However, because all the students 

were in the same class, they were taught by the same teacher and experienced the same 

PBL unit; therefore, additional factors unrelated to the study that may have impacted 

student achievement and motivation were limited. Additionally, because all the 

mathematics classes were transitioning into a PBL format, the study did not include a 

control group taught with the more traditional approach to mathematics.  Student 

responses from the focus group sessions suggest that their improvements were based on 

the PBL instruction; however, having a traditional approach control group would have 

allowed the difference in pre-and post-test scores form the PBL group to be statistically 

compared to a difference in scores from the traditional approach to math instruction. 

Potentially, the traditional skill-and-drill teaching might have yielded similar or better 

results on the post-test.  

 This year was the first year for PBL instruction at the middle school level for 

mathematics.  The middle school students had experienced PBL instruction in other 

classes; however, the expectations and classroom rules that were associated with working 

as group in the math class and completing final products in math were new and may have 

created barriers for the students, thus affecting their overall benchmark scores.  

Traditionally PBL units range in time between four to nine weeks (Buck Institute 

for Education, 2014). The PBL unit in this study was a six-week unit; therefore, the unit 

of study allotted time for a comprehensive study. The unit also allotted time for students 
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to complete two benchmark assessments, which provided an opportunity for student 

academic achievement to be gauged by a standardized assessment.   However, more time 

to execute the PBL instruction would have provided additional data for the study.  Data 

collection from multiple PBL units may have provided varying opinions regarding the 

factors discussed in the study.  Additionally, a comparison of two benchmark post-tests 

would have added additional comparisons to the quantitative data.  

Recommendations for Future Research 

The Project-Based Learning approach to instruction is an alternative to more 

traditional methods of teaching mathematics, and the results of this study contribute to 

the conversation about alternative methods for lower performing students. Additional 

opportunities exist to conduct research in this area.  For research related to mathematics 

academic achievement, more research needs to be conducted on long-term impacts on 

achievement when students are immersed in the PBL approach.  

For the students involved in the current study, this school year was the first time 

the students had participated in a PBL mathematics classroom. This allowed the 

researcher to investigate how newly exposed students responded to PBL in a mathematics 

classroom. Additional findings may emerge from future research that monitors the 

feelings and test scores from students that are more experienced in the PBL form of 

instruction. Creating a longitudinal study that assesses student motivation and academic 

achievement over the course of their middle school years and into high school would 

provide rich data on how the model withstands different academic expectations and 

requirements over the course of multiple years of instruction.  
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In addition to a longitudinal study, additional findings may emerge from research 

investigating methods of assessments linked to PBL instruction. Entry into college and 

universities often requires certain standards of performance on standardized tests such as 

the SAT or ACT, and a number of schools are mandated by the state to measure 

academic achievement through a standardized assessment (Delisle, 2009).  In this study, 

the benchmark assessment was chosen to measure academic achievement because the test 

measures academic achievement in a similar manner as these standardized methods. 

However, PBL places more emphasis on multiple forms of assessment including 

performance based assessments (Delisle, 2009).  Research utilizing performance based 

assessments to measure the state of the mathematics academic achievement gap among 

African American students may add to the literature on this topic. Research comparing 

students’ mathematics scores on the SAT or ACT after PBL instruction compared to 

more traditional methods may contribute new knowledge about how students perform 

long-term on a standardized assessment after being exposed to PBL instruction and 

various forms of assessment.     

In regards to motivational factors influencing PBL instruction, assessing whether 

learning styles of the individual students working together in PBL groups effective peer-

to-peer interactions would be an area of future research related to this study. Allowing the 

students to have voice and choice on group members versus being placed into groups 

according to performance ability may impact peer-to-peer interactions.  

Of this study’s eight student participants performing below proficient levels in 

mathematics, six were boys. Future research regarding the effects of PBL instruction on 
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African American males that are demonstrating unmotivated behaviors may be 

warranted. Identifying factors related to gender that contribute to students’ motivation in 

PBL may contribute additional findings to the knowledge base.  

Implications for Practice 

In a PBL classroom, teachers are considered facilitators of instruction. By 

providing an environment where students can inquire, problem-solve, collaborate, and 

test given solutions, teachers support their students in the self-discovery process and 

encourage the growth of reasoning skills (Buck Institute for Education, 2014); therefore, 

educating teachers on how to create an atmosphere conducive for this level of inquiry for 

different cognitive levels of students is key. In this study, the use of the task cards and 

task sheets connected the PBL unit to the standards and the benchmark assessment 

content. Ultimately, the students’ academic achievement was based on their post-test 

scores. Using the task sheets as tools to consistently assess mathematics content 

knowledge was vital in the incorporation of PBL in a mathematics classroom. To assure 

mastery of content knowledge during PBL instruction, incorporating measures to assess 

individual student understanding is important. Equipping teachers with strategies and 

resources to incorporate self-assessments, individual rubrics for group work, and brief 

written formative assessments may be an avenue for measuring different cognitive levels 

and understanding with individuals within a collaborative environment.  

 During the study, the students struggled with having positive peer-to-peer 

interactions, and negative interactions did little to motivate the students to perform well 

in mathematics. PBL encourages and requires peer-to-peer interactions to complete 
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assignments successfully; therefore, students must have conflict resolution skills to 

complete assignments successfully. Professional development for forming positive 

classroom cultures and environments that promote constructive peer-to-peer interactions 

is essential to improving student interactions that are needed for group work.  To 

maintain high levels of student motivation, conflict resolution skills must be in place for 

the students.  

PBL also requires students to have independence and take ownership of their 

learning process and the creation of their final products. The students from the current 

study enjoyed the elements of empowerment and choice in the learning process. 

Professional development that promotes independent learning that provides opportunities 

for more student ownership of the learning process in an inquiry-based classroom setting 

is vital for effective PBL instruction.  

In the current study, the presence of the cooperating teacher in the group 

assignments often meant that the students failed to gain understanding from the mini-

lesson or from one another within the group; therefore, the teachers’ presence was often 

associated with a decrease in motivation to complete the assignments. Equipping teachers 

with needed resources to support group work could possibly decrease direct teacher 

involvement when all the group members in a PBL unit are searching for clarification on 

a given topic. Administrators and those responsible for curriculum in the classroom need 

to obtain resources that are required to support teachers as facilitators in the classroom 

instead of the students’ only source of information.  
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Final Thoughts 

The researcher’s hope was that PBL would provide an opportunity for students to 

make connections between their environment and math concepts, and this connection 

would increase problem solving and critical thinking skills for the students. Dr. Martin 

Luther King Jr. (1947) said, “The function of education is to teach one to think 

intensively and to think critically” (p. 1). These famous words from Dr. King seem to 

capture the essence of Project-Based Learning.  PBL instruction is designed to support 

students as they gain knowledge through answering complex questions through an 

intense and critical thinking process, which is often what has been missing in the 

traditional mathematic classroom instruction for the African American child. Future 

studies could continue to add to the body of knowledge and help teachers add new 

instructional practices that foster critical thinking for all students in all content areas.
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Focus Group Questions 

Open-ended question to begin session: What has been your experience in math class up 

until this point in school? 

 

Potential follow-up questions to guide conversation: 

 

1. How do you feel about your math class? Why do you feel this way? 

2. What is your favorite part of math class? 

3. What do you like least about math class? 

4. How do you feel about having Project-Based Learning in math class? 

5. Did you have a favorite project in math in elementary school? If so, what was it 

and why did you like it? 

6. Would you like to have more projects in math? If so, what would you like to do? 

If not, why? 

7. Did you like math before coming to this school? Why or why not? 

8. How do you feel about math tests? Do you feel confident when you take math 

tests? Why or why not? 

9. Are you happy with your performance (how well, or not well, you are doing) in 

math class? Explain. 

10. What would you like to change about your math class? If nothing, why? 

11. Do you like have anything else to add about your math class? 

12. Do you like working together in math class? Why or why not? 

13. Do you have opportunities to work together in your current math class? Explain. 

14. Are you motivated to do well in math? Why or why not? 
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