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ABSTRACT 
 

EFFECTIVENESS OF PROBLEM-BASED LEARNING IN URBAN MIDDLE 

SCHOOLS ON MATHEMATICS ACHIEVEMENT AND SCHOOL CLIMATE 

Anika Yasin 
 
 

 
 

The purpose of the investigation was to determine if there was a difference in 

student performance on the NYS Mathematics State Assessment between schools that 

implemented PBL versus those that did not. The aim was also to determine if there was a 

difference in students' and teachers' attitudes about the school community, specifically in 

rigorous instruction and collaborative teachers between schools that implemented PBL 

versus schools that did not. The last part of the investigation was to see if rigorous 

instruction, collaborative teachers, and PBL program predicted student achievement 

scores on the NYS math state test. The middle schools are randomly selected across two 

districts in New York City, receiving either math instruction through a traditional 

approach or the PBL method. The superintendent/deputy superintendent approved all 

schools using the PBL program. The instruments used for analysis include the 2019 

Mathematics State assessment and the NYC DOE survey distributed to both the parents 

and teachers. The two instruments are archived data and are publicly available. The 

analysis was run on SPSS using the Mann-Whitney U-test and multiple regression. The 

results revealed a statistically significant difference in the mathematical scores and 

students' and teachers' perceptions of schools in the PBL and traditional groups. The 

schools in the PBL group had more incredible significant growth in scores and attitudes 

than the schools that implemented the conventional approach. Results also showed that 



 

collaborative teachers and rigorous instruction did not predict student achievement on the 

mathematics state assessment. However, the PBL practice did predict student 

achievement. This helps to show that authenticity, student voice & choice, reflection 

critique & critique & revision, and public presentation of projects can help improve 

student performance on the mathematics state assessment. 
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CHAPTER 1 
 

Introduction 
 

Problem-based learning (PBL) is an instructional approach that utilizes inquiry- 

based learning to support learners working collaboratively with their peers to learn 

concepts and principles as they engage in complex issues. PBL was initially designed to 

prepare medical students for solving problems in clinical settings (Barrows, 2000; Torp 

and Sage, 2002; Hmelo-Silver, 2004). After its achievement in medical education, PBL 

is now being implemented throughout K–12 and higher education. Unlike the teachers' 

direct presentation of facts and concepts, learners engage in self-directed learning (SDL) 

to identify research and apply knowledge and skills to solve a problem (Savery, 2006). 

This instructional method encourages pupils to become responsible for their learning, 

develop strategies, construct their understanding, and reflect on what they have learned. It 

also prepares students to build twenty-first-century skills, to develop life-long habits to 

become college and career-ready. 

Purpose of the Study 
 

The purpose of the study is to understand if the Problem-based Learning (PBL) 

instructional approach effectively improves urban middle school students’ performance 

on the New York State Mathematics Assessment. The research would like to understand 

if students' and teachers' experience in the PBL classroom environment positively 

impacts their attitudes towards their school community. The study hopes to determine 

which subcategories of school climate, rigorous instruction, and collaborative teachers 

predict students' achievement in the Mathematics State Test Scores in the PBL classroom. 
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Theoretics/Conceptual Framework 
 

The Framework for High-Quality Project-Based Learning (HQPBL) (2018) is 

composed of six criteria. The six criteria are intellectual challenge and accomplishment, 

authenticity, public product, collaboration, project management, and reflection. The 

Framework for HQPBL explains the student experience and is designed to equip 

educators with a foundation for creating good projects. It allows students to approach a 

challenge innovatively by tackling real-world problems and coming up with innovative 

solutions. The framework helps students participate in classroom learning to understand 

challenges, generate ideas, and develop practical solutions as they voice their concerns 

to make an impact. Students follow a project management process to learn important 

academic content and develop their creative and critical thinking skills. They learn to 

lead themselves and their teams' time, tasks, and resources following a multistep 

project. Students identify a constructive goal, frame ways to pose the problem, and 

explore data from varied sources to determine what they know and what they need to 

discover. They use creativity to brainstorm ideas and perspectives that can be novel or 

refined to solve the problem. They apply strategies to analyze, search for ways to turn 

ideas into solutions and prepare for successful implementation. Students work 

collaboratively with other students in the classroom by discussing and contributing their 

knowledge and skills. They pause regularly to reflect on what they know and what they 

have accomplished to assess the quality of their work. They have ample opportunities to 

make their work public and share their learning with peers and people beyond the 

classroom. 

Significance of the Study 
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Individuals today will enter a workforce that has drastically changed from that of 

the 20th century. With changes in the industry, economy, and technology, schools need 

to prepare students to develop 21st-century skills to adapt to the changing world. To 

support learners in the classroom to build on previous knowledge and create a new 

experience, Cheng et al. (2016) suggest that students should use an active-learning 

instructional method. Learners in the United States need to strengthen critical thinking, 

collaboration, problem-solving, and creativity (Stewart, 2012). Schools need to employ 

the Problem- based learning (PBL) instructional approach to promote 21st-century skills 

to enhance students' performance and improve their classroom environment perceptions 

(Romero, Usart, & Ott, 2015). The use of 21st-century skills enriches the school 

curriculum and engages learners in the classroom beyond this technology-driven world. 

It also provides pupils with ample opportunities to become more responsive to the world 

around them. 

Although 21st-century skills are essential to support learners to become 

successful in college and future careers, many business leaders have stated that learners 

have "deficits" in these skills, and that can "significantly impact the future economic 

growth in the United States and abroad" (Mosier, Bradley-Levine, & Perkins, 2016, p. 

13). The Organization for Economic Cooperation and Development (OECD) analyzes 

student data on the Programme for International Student Assessment (PISA) 

examination. This test measures students' reading, math, and science skills across 

various countries throughout the world. The results revealed that American students' 

performance on the PISA was much lower than other globally competitive countries 

such as Singapore, Hong Kong, Ireland, South Korea, Japan, Canada, Germany, and the 
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United Kingdom. Specifically, out of 71 countries, the United States students ranked 

38th in math and 24th in science and reading (Desilver, 2017). Most American students 

are not yet ready to compete in the global market. Implementing these skills is necessary 

to help learners solve unstructured problems, analyze information, and succeed in a 

continually changing world. 

Implementing PBL is critical in middle school to help create a curriculum that is 

challenging and exploratory. There has been minimal research conducted in Problem- 

based learning (PBL) outside the medical field, graduate and postgraduate levels, and 

gifted education, paying less attention to all students in k-12. There is also little research 

on PBL instructional methods on middle school students' and teachers' perspectives of 

their school environment. Students' and teachers' perception is essential to check the 

instructional program's effectiveness and implement it in schools. Although previous 

studies suggest that Problem based learning methods have improved student 

performance in the classroom, understanding how this instructional model will impact 

learners' perceptions of the classroom environment is an essential part of a research 

agenda for PBL. The research also aims to determine if students' and teachers' 

perspectives of the school environment influences student performance on State 

Assessments. The dissertation focuses specifically on middle schools engaging in 

problem-based learning in their math classrooms in urban settings. This study compares 

schools that implement PBL in their math classrooms versus schools that do not. 

Schools that implement PBL are provided with more opportunities to construct 

meaningfully and are encouraged to work with their peers to ask questions, share ideas, 

and engage in dialogue. Schools that do not implement PBL are part of a more 
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traditional setting in which the students only obtain knowledge from their teacher. 

Research Questions 
 
1. Is there a difference in middle schools' achievement scores in Math State 

Assessment between PBL schools and non-PBL schools? 

2. Is there a difference in students' and teachers’ perspectives of the school climate on 

the NYC School Survey (Rigorous Instruction and Collaborative Teachers) 

between schools that employed the PBL teaching approach and schools that used 

the traditional teaching approach? 

3. Will practice of PBL, students' perception of rigorous instruction, and students' 

perception of collaborative teachers predict students' achievement in Math State 

Test Scores? 

4. Will practice of PBL, teachers’ perception of rigorous instruction, and teachers’ 

perception of collaborative teachers predict students' achievement in Math State 

Test Scores? 

Definition of Terms 
 
1. Active Learning: Students engage in the learning process instead of passively 

taking in the teacher’s information. 

2. Collaborative Groups: Encourages shared knowledge construction as 

students work together with their group members to tackle the problem (Pea, 

1993; Salomon, 1993). It will enable learners to have discussions and 

construct scientific explanations, which will improve their problem-solving 

and higher- order thinking skills (Blumenfeld et al., 1996; Brown, 1995; Vye 

et al., 1997). 
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3. Collaborative Teachers Category: According to The Framework for Great 

Schools by the NYCDOE, “Teachers are committed to the success and 

improvement of their classrooms and schools. They have the opportunity to 

participate in professional development within a culture of respect and 

continuous improvement.” The subcategories include cultural awareness and 

inclusive classroom instruction, innovation and collective responsibility, peer 

collaboration, professional development quality, and school commitment. 

4. Facilitator: Is “an expert learner, able to model good strategies for learning 

and thinking, rather than an expert in the content itself” (Hmelo-Silver, 2004). 

The facilitator “scaffolds student learning through modeling and coaching, 

primarily through the use of questioning strategies” (Hmelo-Silver and 

Barrows, 2003). 

5. Ill-Structured Problem: Problem that can be solved with multiple 

solutions (Hmelo-Silver, 2004) 

6. Inquiry-based Learning: a form of teaching methodology in which 

students actively participate in their learning process. 

7. Mathematics State Assessment: New York State administers the Mathematics 

Common Core tests to grades 3 to 8 to measure student proficiency in the 

knowledge and skills needed to succeed in college and careers. This 

dissertation focuses on the middle school student scores in grades 6-8. 

8. Math6Total: The 6th grade NYS Mathematics State Assessment’s total score 

was operationally defined for each school studied by combining students’ 

percentages at each level (1-4) on SPSS. The COMPUTE 
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MATH6TOTAL=MATH6L1 * 1 + MATH6L2 * 2 + MATH6L3 * 3 + 

MATH6L4 * 4. 

9. Math7Total: The 7th grade NYS Mathematics State Assessment’s total score 

was operationally defined for each school studied from the 2018-19 school year 

by combining students’ percentage at each level (1-4) on SPSS. The 

COMPUTE MATH7TOTAL=MATH7L1 * 1 + MATH7L2 * 2 + MATH7L3 * 3 

+ MATH7L4 * 4. 

10. Math 8Total: The total score for the 6th grade NYS Mathematics State 

Assessment was operationally defined for each school studied from the 2018-19 

school year by combining students’ percentages at each level (1-4) on SPSS. 

The COMPUTE MATH8TOTAL=MATH8L1 * 1 + MATH8L2 * 2 + 

MATH8L3 * 3 + MATH8L4 * 4. 

11. MathematicsTotal: The total score for NYS Mathematics State Assessment for 

each school participating in the study was operationally defined by calculating 

the average score for the Math6Total, Math7Total, and Math8Total on SPSS 

from the 2018-19 school year. The COMPUTE MathematicsTotal= (Math6Total 

+ Math7Total + Math8Total) / 3. 

12. NYC School Survey: Survey distributed each year to all NYC public school 

parents, teachers, and students to measure school quality on the six 

Framework elements (rigorous instruction, collaborative teachers, supportive 

environment, effective school leadership, and strong family-community ties). 

13. Problem-based Learning: An inquiry-based instructional model encourages 

student-centered learning to promote the teaching of concepts and principles 
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as groups of learners actively solve authentic, ill-structured problems. It is a 

“focused, experiential learning organized around the investigation, 

explanation, and resolution of meaningful problems” (Barrows, 2000; Torp 

and Sage, 2002). 

14. Problem-based Learning Schools: Schools that use the PBL approach have been 

recognized by the Buck Institute for Education PBL School Rubric. The schools 

that implement PBL will be used for this research. 

15. PBL School Rubric: All schools that teach using the PBL approach have been 

identifiable for their successful implementation of PBL within their core 

instruction, evidenced by the Buck Institute for Education by the 

superintendent/deputy superintendent of the district. The rubric is separated into 

two essential elements of a PBL school, significant content and 21st-century 

competencies. Level 1 represents Beginning PBL school, Level 2 represents 

needs for further development, and Level 3 means promoting and sustaining best 

practices for a PBL school. For this study, traditional schools and beginning 

PBL schools code as level 1, and schools that implement PBL are in levels 2 and 

3. 

16. Rigorous Instruction Category: According to The Framework for Great Schools 

by the NYCDOE, rigorous “Instruction is customized, inclusive, motivating, and 

aligned to the Common Core. High standards are set in every classroom. 

Students are actively engaged in ambitious intellectual activity and developing 

critical thinking skills” Subcategories include academic press, common core 

shifts in literacy, common core shifts in math, course clarity, and quality of 
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student discussion). 

17. School Climate: School environment was operationally defined by the NYC 

School Survey scores in Rigorous Instruction and Collaborative Teachers. 

Rigorous Instruction is broken down into five subcategories: Academic 

Press, Common Core Shifts in Literacy, Common Core Shifts in Math, 

Course Clarity, and Quality of Student Discussion.  

18. Self-directed Learning: a type of learning in which students manage their 

own “learning goals and strategies to solve PBL’s ill-structured problems 

(those without a single correct solution)” and “acquire the skills needed for 

lifelong learning” (Hmelo-Silver, 2004). 

19. Twenty-first Century Skills: Skills that prepare students to prepare for the 21st- 

century workforce and global economy. These skills include creativity, 

problem- solving, reflective thinking, critical thinking, communication, and 

collaboration (LaForce et al., 2017). 
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CHAPTER 2 

Introduction 

The literature review aims to provide factors that have influenced the need to 

include problem-based learning (PBL) in middle school classrooms and the 

effectiveness and challenges in implementing this approach to learners' performance 

and attitudes. The chapter is divided into eight sections: (a) theoretical foundation, 

including the connection between constructivist philosophy and inquiry-based learning 

offering epistemological approaches of Piaget, Vygotsky, Dewey, and Bruner (b) 

definition and history of problem-based learning, (c) role of students and teachers in 

PBL to promote active learning, (d) history of Mathematics education in the United 

States, (e) Previous research of PBL on student achievement and attitudes of classroom 

climate (f) Problem-based learning (PBL) and the development of a supportive learning 

environment that promotes Rigorous Instruction with Common Core shifts in 

Mathematics and Academic Press (g) Problem-based learning (PBL) and the 

development of a supportive learning environment on Collaborative Teachers with focus 

on Cultural awareness and inclusive classroom instruction, Innovation and Collective 

responsibility, Peer collaboration, Quality of professional development, and School 

commitment. 

Theoretical Framework 

The foundation of this research is constructivist epistemology. Constructivism 

is a theory about how knowledge is developed. The article titled "The Practice 

Implications of Constructivism" by Wesley A. Hoover states that in constructivism, 

"human learning is constructed, that learners build new knowledge upon the 
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foundation of previous learning" (Hoover, 1996). Constructed knowledge focuses on 

active learning rather than the passive transmission of information and emphasizes the 

student rather than the teacher. The two main types of constructivism in the classroom 

are social and cognitive constructivism. Cognitive constructivism, developed by 

theorist Jean Piaget, focuses on an individual's articulation of knowledge. In contrast, 

social constructivism, represented by Lev Vygotsky and later by John Dewey and 

Jerome Bruner, stresses that learners build knowledge through interaction in social 

situations with the teacher and other classroom members. 

Constructivist perspectives have provided frameworks for teaching strategies 

and practices in the classrooms. Wesley A. Hoover describes important implications for 

constructivism in the classroom. First, the teacher must act as a facilitator and guide 

students to learn for themselves through self-exploration and dialogue. Students are not 

told what to think but how to think for themselves in classes that use the constructivist 

philosophy. They explore ideas, formulate their thoughts, use prior knowledge to build 

on new experiences, and actively participate in classroom discussions and teamwork 

activities. Second, teachers should understand students' prior knowledge and provide 

them with "learning environments that exploit inconsistencies between learners' current 

understandings and the new experiences before them" (Hoover, 1996). Third, educators 

must engage learners by incorporating problems that are relevant to their lives. Teachers 

should also allow students to become explicit about their understanding by collaborating 

and sharing their thinking with their classmates. Fourth, students should have time to 

reflect and develop a deeper understanding of new knowledge against their current 

beliefs. 
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Swiss biologist and psychologist Jean Piaget (1896-1980) focused on 

individuals and constructing knowledge. He developed a four-stage model that children 

progress through to make sense of the world around them. His stages of cognitive 

development include the: "Sensorimotor stage, which a child goes through from ages 

zero to two; preoperational stage (two to seven years old), concrete operational stage 

(seven to eleven years old), and the formal operational stage (eleven years old to 

adulthood)" (Powell et al., 2009, p. 242). This model explains how individuals pass 

through a series of stages, building one upon the other to reach biological maturation. 

During the stages of cognitive development, the physical environment influences how 

children learn and grow. He proposed that one makes sense of their experiences by 

creating schemas or mental frameworks to interpret new information. He explained that 

individuals adapt to new skills through the two processes, assimilation and 

accommodation. According to Piaget (1953), "assimilation is when children bring in 

new knowledge to their schemas and accommodation is when children have to change 

their schemas to "accommodate" the new information or knowledge" (Powell et al., 

2009, p. 243). These cognitive learning processes support learners to acquire new 

knowledge and advance through the cognitive stages of development. 

Lev Vygotsky, a Russian developmental psychologist and social constructivist 

(1896-1934), emphasized how interaction and collaboration with the social environment 

play a vital role in children's learning. Vygotsky believed that social interaction, culture, 

and language all influence how the individual gains knowledge. One of his primary 

importance is the theory of the zone of proximal development (ZPD). In this theory, 

"ZPD has been described as a zone where learning occurs when a child is helped in 
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learning a concept in the classroom" (Powell et al., 2009, p. 243). It explains the 

difference between a child's existing abilities and what they can learn under the 

guidance of an adult or a more capable peer. Vygotsky believed that social interaction 

and scaffolding support learners to develop skills and strategies as they move through 

the various zones. Social interaction with the teacher and students in the classroom 

gives opportunities for internalization to occur more effectively. 

Inquiry-based learning is an "approach in which the teacher presents a puzzling 

situation, and students solve the problem by gathering data and testing the conclusion" 

(Powell et al., 2009, p. 245). Supported by social and cognitive constructivism, inquiry 

learning allows students to take responsibility for their learning and become independent 

thinkers. Engaging in inquiry-based learning enables students to design and conduct 

independent scientific investigations, think like scientists, make first-hand decisions, and 

expand knowledge about the natural world. Learners are encouraged to work with their 

peers to ask questions, share ideas, and engage in dialogue. American Philosopher John 

Dewey (1859—1952) was a strong proponent for educational reform and focused on 

'learning by doing' (Dewey, 1933). He advocated for child-centered learning with an 

emphasis on learning about the needs and interests of the child. Dewey believed in a 

balance between progressive and traditional education as neither of them alone applied to 

the principles of a carefully developed philosophy of experience. He wanted learners to 

gain real-world experiences to develop research skills and become lifelong learners. 

According to Dewey, the best way to provide knowledge for students is through 

interaction and continuity. Students must interact with their environment and past 

experiences to adapt and learn (Dewey, 1938). The problem-based learning 
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approach is part of this tradition of meaningful, experiential learning in which 

students develop strategies and construct knowledge through self-directed 

learning. 

Similar to Dewey and Vygotsky's ideas, Jerome Bruner (1961) introduced the 

theory of discovery learning in which students understand new concepts using their 

experience and existing knowledge. It is "in such a way that one is enabled to go 

beyond the evidence so reassembled to additional new insights" (J. S. Bruner, 1961, p. 

22). Discovery learning is a guided process in which the roles of the teacher and 

students change. Bruner explained the students' and teachers' roles in the discovery 

classroom as hypothetical rather than expository. In the expository mode, "decisions 

concerning the mode and pace and style of exposition are principally determined by the 

teacher as an expositor; the student is a listener" (J. S. Bruner, 1961, p. 23). However, 

in the hypothetical mode, "the teacher and student are in a more cooperative position" 

in which the student, at times, plays the leading role (p. 23). Bruner believed that 

students must develop their knowledge, as there are "powerful effects that come from 

permitting the student to put things together for himself, to be his own discoverer" (p. 

22). When students self-direct their learning with social interaction with their peers and 

proper guidance from their teacher, they can effectively gather the information they 

need to solve a problem. PBL takes on all these theorists' constructivist views as it puts 

the learning of contents and skills on the students. 

 
Review of Related Literature  

 
Definition and History of Problem-based Learning 
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Hmelo-Silver (2004) defines Problem-based learning as an instructional method 

that provides experiential learning around the research, analysis, and resolution of ill- 

structured problems to support learners in developing flexible and lifelong learning skills 

(Hmelo-Silver, 2004). In PBL, learners acquire knowledge by working collaboratively to 

solve real-world problems and reflect on their experiences (Barrows and Tamblyn, 1980). 

Problem-based learning began in the mid-1960s in medical education to help 

students connect the content learned in class to real-world scenarios reflecting their 

future professions as doctors (Barrows and Tamblyn 1980; Schmidt 1983). The medical 

school of Donald Woods McMaster University in Hamilton, Canada, was the first to 

incorporate problem-based learning relating to medical situations as a valuable 

alternative to conventional teaching. Students at this University were given a problem 

scenario at the start of the learning process before receiving any meaningful background 

information on the topic (Barrows 1996). Since its origin in medical education, PBL has 

been implemented across many disciplines such as Law, Economics, Business 

Administration, social sciences, and even secondary education (Barrows 1996). 

The problem-based learning approach effectively supports medical students in 

developing critical thinking and problem-solving skills to diagnose and treat patients 

effectively. Prior research on the effects of PBL revealed that medical students felt 

increased satisfaction and confidence about their learning compared to the traditional 

approach (Albanese and Mitchell, 1993; Hmelo, 1994; Vernon and Blake, 1993). 

Success in medical schools has led to a growing interest in implementing this 

methodology in k- 12 education, as described by the widespread publication of 

Problem-based learning books (Duch et al., 2001; Torp and Sage, 2002). PBL has 
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inspired educators because of its importance in promoting active, flexible learning and 

its potential to engage students in self-directed learning. 

Through practical experience and research in problem-based Learning (PBL), 

the components needed to create a realistic problem scenario have been developed 

(Barrows and Kelson, 1995). The problem should be open-ended, apply to a real-world 

situation, and relate to students' prior experiences to promote motivation, flexible 

thinking, and knowledge construction. The problem should encourage students to 

formulate a hypothesis and put together companion pieces to form multidisciplinary 

solutions. The problem scenario should foster communication skills as learners work 

collaboratively with other students in the classroom and their teacher (Hmelo-Silver, 

2004). 

In the PBL instructional method, students are actively assembling knowledge in 

collaborative groups. Students do not receive all the information directly from the 

teacher. They now have to utilize various resources and work collaboratively with their 

group members to solve a problem scenario. The student's and teachers' roles transform 

in the PBL approach. The students become responsible for their learning, including 

reflective, critical thinking about what is being investigated (Bereiter and Scardamalia, 

1989). The teachers are no longer considered the primary depository of information but 

rather the facilitator of collaborative learning. There is a shift from the traditional 

lecturing of information. Teachers serve as a guide to model strategies for learning and 

thinking by asking open-ended questions and providing constructive feedback to get 

learners to use critical thinking and problem-solving skills to progress in the PBL 

process and develop a solution to their problem learning (Hmelo-Silver, 2004). The 
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facilitator is accountable for leading the students through the PBL process stages by 

ensuring that all learners are involved in the learning process and supporting them to 

justify their thinking and comment on each other’s thoughts (Hmelo-Silver, 2002; 

Koschmann et al., 1994). The facilitator models problem solving and self-directed 

learning processes to encourage students to collaborate and learn together. It provides 

students with ample opportunities to build knowledge, reasoning, and learning 

strategies. 

Research on the Role of Students and Teachers in Problem-based Learning (PBL) to 

Promote Active and Collaborative Learning 

In Problem-based learning, the students become the central figure of the 

learning process and take responsibility for their education. They are provided with a 

problem situation to which they use their prior knowledge to choose and analyze 

research connected to the problem they are trying to solve. Students' activation of 

previous experience during the problem discussion with their peers "sets the stage for 

the to-be- learned information, which facilitates elaboration and increases retention" 

(Loyens et al., 2008, p. 413). Throughout PBL, students engage in self-directed learning. 

This is a "process in which individuals take the initiative, with or without the help from 

others, in diagnosing their learning needs, formulating goals, identifying humans and 

material resources, choosing and implementing appropriate learning strategies, and 

evaluating learning outcomes" (Knowles, 1975, p. 18). Self-directed learning allows 

learners to "apply their new knowledge to the problem and reflect on what they learned 

and the effectiveness of the strategies employed" (Hmelo-Silver, 2004, p. 235). The 

goal is not to learn the content through memorization but rather through learners' 
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engagement in group work and individual study activities (Tick, 2007). Self-directed 

learning gives students the freedom to work collaboratively with their peers and attain 

knowledge with their teacher's proper guidance. 

Effective group interaction is essential to pupils' success in Problem-based 

learning. According to Knowles (1975, 1990), education does not occur in solitude but 

with the cooperation of teachers, tutors, or peers. Learners should be provided with 

opportunities to co-construct knowledge through active discussions with the teacher and 

their peers to propose possible explanations or solutions to the problem (Loyens et al., 

2008, p. 413). Problem-based learning relies heavily on group activities, whether in 

small groups or the entire class may act as one group (Savery, 2015). Working in a 

group setting allows students to engage in group dialogue, develop a deep 

understanding of the problem and possible solutions, and resolve potential 

inconsistencies in the research findings (Hmelo-Silver, 2004). Working in groups also 

provides the opportunity to develop content knowledge, critical thinking, problem-

solving, and interpersonal skills. 

Freire's (1970) metaphor for traditional education is banking education. The 

teacher deposits all the knowledge into learners' minds, and students tend to memorize 

facts and regurgitate the information without genuinely understanding the deep 

meaning. He describes this approach as highly problematic because there is a lack of 

critical thinking, and creativity is not encouraged or lost altogether. Without critical 

thinking and creativity, students fail to ask questions and accept the information passed 

down from the teacher. 

Freire proposed an alternative "problem-posing" model with its roots in the 
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constructivist learning theory compared to banking education. Like Dewey, Freire saw 

education as requiring social co-construction of knowledge. His model emphasizes that 

the teacher should not control the students' thinking and action but rather allow learners 

to construct their knowledge through experience and dialogue. The role of the teacher 

changes from that of the depositor to that of a facilitator. In Problem-based learning 

(PBL), the teacher's role is to serve as a guide and "facilitate the learning process rather 

than to provide knowledge" (Hmelo-Silver, 2004, p. 235). The teacher becomes part of 

the students' journey in providing student-centered learning experiences to promote 

content and acquire skills. They play a critical role in helping students to think, reflect, 

and think about their thinking. 

Research on the History of Mathematics Education in the United States 
 

Over the past seven decades, the United States has developed a series of 

education policies that have transformed schooling, teaching, and education. The 

advancement of atomic weapons in the 1940s and the Soviet launch of Sputnik in 1957 

triggered the United States to provide federal funding for research and education to 

develop scholars that could compete internationally (Barrows, 1996). According to 

Steelman's (1947) presidential report, Manpower for Research, there was a push for 

schools' programs to increase technical workers for a more scientific society (Steelman, 

1947). 

The new math curricula of the 1950s and 1960s sought to enhance computational 

and conceptual skills starting as early as elementary school grades (Barrows, 1996). 

During this movement, mathematicians like Max Beberman helped enhance discovery 

learning. Learners would observe and explore mathematics patterns to understand the 
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concepts and generate helpful questions and hypotheses (Lagermann, 2000). Due to the 

rigorous content demands with the new curricula, educators could not keep up with the 

expectations and teach effectively (Klein, 2003). By the end of the 1970s, this new 

mathematics curriculum had ended in so much frustration that the United States 

emphasized learning primary mathematics. This era became known as the back-to-basics 

movement of the 1970s, emphasizing reading, writing, and mathematics in schools. 

During this time, there was a push to make educators the prominent figures in the 

classroom instruction and standardized tests as a core dependent measure to measure the 

schools’ quality (Woodward, 2004). 

By the 1990s, the National Council of Teachers of Mathematics (NCTM) 

standards had been developed to help push the U.S to create individuals who are 

"proficient in the uses of technology and communication skills and who possess high 

levels of mathematical literacy" (p. 22). The goal of these standards was to guide 

educators with the curriculum and teaching. By the early 2000s, every state had 

selected its learning standards. The No Child Left Behind Act of 2001 (NCLB) by the 

second Bush administration "introduced the concept of scientifically based research as 

a mechanism for guiding instructional practices in classrooms throughout the country" 

(Woodward, 2004, p. 25). This law aimed to provide equal educational opportunities 

for all students in poverty, minorities, and those receiving special education and 

English language services by holding schools responsible for how students learned. 

Schools were required to test statewide math and reading every year in grades 3-8 and 

once in grades 10-12 and publicly report the performance. Schools had to monitor all 

students' performance, set targets for improvement, and support all learners to do well 
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on standardized exams. This law was later replaced in 2015 by Every Student Succeeds 

Act (ESSA) by President Obama to push all students to be taught to high academic 

standards to prepare them to succeed in college and careers. 

Research on Problem-based Learning (PBL) on Student Academic Achievement 

and Attitudes of Classroom Environment 

There are prior research studies on problem-based learning on students' 

performance and attitudes toward their classroom environment. Anne Horak and Gary 

Galluzzo conducted a study to examine problem-based learning (PBL) and the 

traditional classroom environment on student performance and classroom perceptions. 

The research included 457 pupils in middle school that were considered high 

performing. The instrument used to measure student achievement was the pre and post-

test data, which consisted of a 25-item multiple-choice test aligned with state and local 

objectives. 

Students' attitudes to their classroom environment were measured using the 

Student Perceptions of Classroom Quality (SPOCQ) scale, which is a 38-item survey 

comprising of five constructs: (a) meaningfulness, (b) challenge, (c) choice, (d) self-

efficacy, and (e) appeal. In the PBL group, three educators engaged in Professional 

Development for 2- days to receive coaching on implementing PBL using the Stepien 

and Pyke (1997) five- phase PBL model before executing it in their class. In the 

traditional group, learners received regular classroom instruction consisting of lectures, 

readings, and worksheets. Students in both the conventional and PBL groups 

participated in a 3-week unit of study. 

Students were given the same test before and after the unit. At the end of the 
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unit, students were asked to complete a perception survey. The results indicated that 

there was a statistically significant gain score in both groups. However, there was a 

higher gain score in the PBL group. The data also revealed statistically significant 

differences in the total score on the Student Perceptions of Classroom Quality 

(SPOCQ) in favor of the PBL group. A limitation of the study is that it only looked at 

the gifted student population. The research only examined one unit of the study in both 

the traditional and PBL groups. The teachers were all white and not selected randomly 

but instead volunteered to participate in the study. The pre-and post-tests used to 

measure student achievement are not standardized measurements as the teachers 

themselves created them (Horak & Galluzzo, 2017). 

Another study aimed to examine the significance of STEM curriculum on 

learners' attitudes and investigate the connections between the subscales. The sample 

included 206 sixth-grade pupils attending a suburban middle school enrolled in a 6th- 

grade Earth science course. The instruments used were a Modified attitudinal survey, 

modified perceptions of collaboration, pretest, and post-test scores. Participants showed 

to which degree they agreed or disagreed with the attitudinal and perceptions study 

according to a 5-point Lickert response scale. The constructs measured were: students' 

interest in STEM, students' perceptions about STEM, students' intentions to persist in 

STEM, students' STEM self-efficacy, and students' experiences in group activities. The 

surveys were distributed before and after students engaged in space science learning 

activities in groups. In the investigation, learners could take on either the leader worker, 

or observer. 

The study results indicated that student performance from pretest to posttest 
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increased after participation in the STEM program. Students in the STEM program did 

show the most significant increase in usefulness, which was a good predictor of 

students' intention to continue STEM. Also, students' group roles predicted self-

efficacy, where those who were group leaders had higher self-efficacy scores than 

students who were workers or observers. Overall, positive experiences in STEM 

activities enhanced learners' confidence, perceptions, engagement, and intention to stay 

in STEM. A limitation of the study is that the students took on either the observer, 

worker, or group leader role through the learning activities. Teacher involvement in role 

switching would have supported passive students who choose the worker or observer 

role to have a chance to be a group leader and thus boost their confidence and intention 

to persist in STEM instruction. 

Another limitation is that the study focused on one school of 6th-grade students 

in the science classroom. Another constraint of the study is that the results on the 

effectiveness of PBL are based solely on one problem-based design on rockets. Also, 

this research does not use any standardized measurements (Brown et al., 2016). A 

research investigation looked at the impact of engineering design-based curriculum on 

learners’ knowledge and attitudes. After engaging in Ecology's STEM curriculum unit, 

the study also aimed to determine the relationship between demographics and student 

achievement and interest. The sample includes three middle school life science teachers 

and 275 seventh-grade students from the Midwest urban schools. A pre and post-test 

research design of 45-item multiple-choice questions were used to measure student 

achievement. A 28 Likert-type attitude survey was given to the students before and after 

the engineering unit and includes three subscales: engineering, mathematics, and 
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science. Teachers participated in professional development for three weeks to learn 

science through engineering design and practices. They then worked in teams to 

develop a curriculum unit that combined science and engineering. Educators created a 

problem-based task that required students to design a loon-nesting platform as the loon 

population has been declining due to habitat loss. The results showed no significant 

relationship between the pretest and post-test in student achievement. The only 

significant predictor for performance was for Special education students, implying that 

the teaching and curriculum instruction positively affected their performance in class. 

The survey results indicated that students' attitudes toward STEM improved by their 

participation in the PBL program. Also, student demographics had no connection with 

an interest in the STEM curriculum. One limitation of the study is that the unit was 

developed by first-year science teachers in the Professional Development program. The 

curriculum's effectiveness could have influenced the relationship between pretest and 

post-test performance in student achievement. Another limitation is that the study only 

includes one Problem-based learning project, and there are no standardized assessments 

(Guzey et al., 2016). 

Another study was conducted to discover if learners' participation in inquiry- 

based instruction shaped their attitudes towards math and science. The sample includes 

eighth-grade students in the United States. The data is gathered from the comparative 

assessments of the TIMSS (2007). The study outcomes indicate a significant and 

positive relationship between inquiry-based instruction and student attitudes in self-

efficacy, interest, and utility in math and science subjects. The analysis also showed a 

difference in student attitudes favoring male and white students in both subject areas. 
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Specifically, for science, there were no significant interactions between racial/ethnic 

groups and inquiry- based instruction. However, there was a weaker association for 

math inquiry-based instruction self-efficacy than interest and utility. Black students 

reported higher self- efficacy levels, interest, and utility than white males. Hispanic 

students also reported higher levels of interest and utility as compared to white students 

as well. Overall, there were "positive attitudes of students from different gender and 

racial/ethnic backgrounds are similarly associated with more frequent experiences of 

inquiry-based instruction in their science and mathematics classrooms" (Catherine et al., 

2019, p. 13). A limitation of the study is that it does not provide information on the 

classroom norms or practices that could have influenced female and minority student 

attitudes in math and science. The TIMSS survey also does not include the questions 

used to measure students' perceptions of classroom practices or all identities' culturally 

and racially inclusive norms. Future research should include this information to 

understand better what factors influence female and minority student attitudes. 

An investigation was carried out to examine how PBL learning experiences in 

the school can improve student interest in the classroom and their motivation to continue 

STEM fields in the future. The sample includes 3,852 9th–12th-grade students at 17 

public STEM high schools, with 34 percent in 9th grade, 28% in 10th grade, 24% in 

11th grade, and 14% in 12th grade. The sample schools were located in different states 

in America, specifically Ohio (N = 4 schools), Washington (N = 4), Texas (N = 3), 

California (N = 2), Tennessee (N = 2), New York (N = 1) and North Carolina (N = 1). 

The overall demographics includes approximately 43% of the sample identified as 

White, 28% as Latino/Hispanic, 10% as Black, 8% as Asian, 8% as Mixed Race, and 3% 
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as another race (American Indian or Alaskan Native, Hawaiian or Pacific Islander, 

Middle Eastern, or Prefer Not to Answer). The researchers first identified seven states 

with organized STEM networks. They then asked the networks' leaders to provide them 

with potential schools representing the STEM program in their state, to which they 

contacted the schools' leaders directly to participate in the study. Once the participating 

schools were chosen for the study, the researchers examined the association between 

student ratings of PBL and students' math and science intrinsic motivation and ability 

ideas. Next, the researchers examined the connections between math and science 

intrinsic motivation and ability ideas and students' interest in continuing a STEM career. 

The study results indicate that the PBL science classroom environment improved 

students' intrinsic motivation and ability beliefs and thus predicted a greater interest in a 

future STEM career. However, the results did not find a similar relationship between 

student ratings of PBL and math intrinsic motivation or ability beliefs in the math 

classroom. Overall, the study showed that race and gender did not influence student 

attitudes toward the PBL classroom environment. A limitation of the study is that it did 

not utilize administrative data to account for student contextual variables such as 

whether the student was an English language learner or special education. Another 

limitation is that this research study looked at an inclusive STEM high school and did 

not compare the analysis to non-PBL classrooms in the context of both STEM and non-

STEM schools (LaForce et al., 2017). 

Research on Problem-based learning (PBL) and the development of Rigorous 

Instruction that promotes Academic Achievement 

In problem-based learning, students engage in a process to pool their knowledge 
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and skills and reflect on their understanding to develop a solution. Implementing 

Problem-based learning sets high standards in the classroom. Students engage in 

complex learning activities to build 21st-century communication, collaboration, 

research, critical thinking, problem-solving, and decision-making skills. According to 

the Framework for Great Schools by the NYCDOE, rigorous instruction is “customized, 

inclusive, motivating, and aligned to the Common Core,” in which students actively 

engage in challenging intellectual learning. Teaching mathematics using the PBL 

instructional approach and aligning it to the common core standards provides students 

with opportunities to make connections with the real world, increase academic rigor, 

and prepare for the future demands in the 21st-century world. 

Academic rigor is an essential component of a learner’s educational experience 

challenging in a way that prepares them for college and career (Boser & Rosenthal, 

2012; Wagner, 2008). Incorporating rigor in schools includes implementing rigorous 

content and instruction inside the classroom (Grubb & Oakes, 2007; Matusevich, 

O’Conner, & Hargett, 2009). Although there is no clear definition of rigor, it involves 

students engaging in critical thinking to learn complex content knowledge and skills 

(Matsumura, Slater, & Crosson, 2008; Mitchell et al., 2005). In Problem-based 

Learning, students are provided with numerous opportunities to work collaboratively 

with their peers to exchange knowledge and have discussions. As students solve 

problems, they also analyze, evaluate, conclude, and formulate strategies that foster 

critical thinking skills (Dwyer et al., 2014; Susilo et al., 2018). 

 In a PBL mathematics classroom, rigor can include incorporating problem-

solving and reasoning strategies in which learners interact with their peers, reflect, and 
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revise their thinking (Mitchell et al., 2005; Stein & Lane, 1996). If implemented 

correctly, the problem-based learning instructional method provides students with the 

essential content and common core standards of a discipline and numerous necessary 

opportunities for engaging in 21st-century skills of critical thinking, problem-solving, 

and collaboration (Larmer & Mergendoller, 2010). Rigorous instruction implemented 

in a Problem-based learning classroom contributes to increased student retention and 

deeper understanding of concepts and overall student achievement on assessments. 

Students are not merely memorizing facts and concepts provided by the teachers but 

instead using a self-directed active learning approach to develop higher-order thinking, 

researching, and problem- solving to succeed in a rapidly changing world. Students 

begin to take ownership of their work and build analytical reasoning skills, which helps 

raise their understanding of the content and their academic assessment performance. 

Common Core Shifts in Mathematics 
 
Because every state had its explanation of knowledge and proficiency, there was 

a lack of standardization among all states. To develop an agreement among all states on 

what students should know and be able to do led to the development of Common Core 

State Standards. The Common Core includes a collection of academic standards in 

Mathematics and English language arts/literacy (ELA) to describe what knowledge and 

skills students have to obtain at the end of each grade. The standards also align with 

college and career expectations to support learners in graduating from high school and 

succeeding in college and future careers (Common Core State Standards Initiative, 

2018). 

The NYS Board of Regents adopted the NYS P-12 Common Core Learning 
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Standards (CCLS) in January 2011, including the Common Core State Standards (CCSS) 

and additional New York State standards. The CCLS were implemented in NYS schools 

at the start of the 2012-13 school year. The Office of State Assessment (OSA) organizes, 

develops, and executes the Grade 3-8 tests, Regents Examinations, Alternate 

Assessments, and English Language Proficiency assessments in NYS. These 

examinations are given to pupils in Kindergarten through Grade 12 enrolled in public, 

nonpublic, and charter schools throughout the State. The standardized tests align with the 

NYS Learning Standards and Core Curriculum. 

The Common Core Learning Standards provide mathematics education 

guidelines and describe what content, skills, and practices students should understand to 

solve real- world problems. According to the New York State P-12 Common Learning 

Standards for Mathematics, the purpose of the CCSS is for educators to support students 

in developing expertise in problem-solving, reasoning and proof, communication, 

representation, and connections. The CCSS ties to problem-based learning as pupils are 

provided with a problem to solve. They work to analyze the givens, constraints, and 

relationships to create meaning and solve the problem. Learners are taught to apply 

what they already know and apply new knowledge to deepen their understanding of 

concepts and solve problems in everyday life, society, and the workplace. Students can 

utilize relevant resources, such as digital content located on a website, to create a 

solution pathway to solve the problem. 

Academic Press 

The academic press refers to how educators create environments that emphasize 

students' educational success through collaborative, engaging activities focused on 
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higher-order thinking skills and a cognitively challenging curriculum that prepares 

them for college and career (Brown, 2008; Kelly & Turner, 2009; Staples, 2007). 

Extensive research suggests that when teachers create a culture of learning that 

emphasizes high expectations for all students, it positively influences student 

performance in the classroom and assessments. A study was conducted using the quasi-

experimental design to examine problem- based learning (PBL) effectiveness on 

students' critical thinking skills and retention in mathematics. The control group 

received the Direct Instruction (DI) model, whereas the experimental group received 

the PBL model. The sample involved learners from three senior high schools with two 

class samples in each school. The instruments include tests and questionnaires. The 

factorial multivariate covariance MANCOVA was used to analyze the data. The 

research study results show a significant difference in student critical thinking skills 

and retention between the two groups. Learners of the PBL group learned better than 

students in the control group (Arifin et al., 2020). 

A study was conducted on the effects of Problem-Based Learning and 

Mathematical Problem Posing in improving students’ critical thinking skills. The 

purpose of the research was to determine if there were differences in enhancing learners' 

critical thinking skills in Problem-based Learning, Mathematical Problem Posing, and 

conventional learning. The study also sought to see discrepancies in improving learners' 

critical thinking skills by gender. A quantitative design was used to evaluate 124 

undergraduate students participating in the mathematics education program at the 

University of Negeri Semarang in Indonesia, with pretest-posttest, documentation, and 

observation. After the data was analyzed using the normalized gain and the Mann- 
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Whitney test, the results showed that students participating in Problem-based Learning 

and Mathematical Problem Posing showed more significant improvements in critical 

thinking skills than the traditional approach. Also, the analysis showed that 

improvements in necessary thinking skills were not different by gender (Darhim et al., 

2020). 

Research on Problem-based learning (PBL) and the development of Collaborative 

Teachers that Promotes Academic Achievement 

The NYCDOE describes Collaborative Teachers as dedicated to the school 

community and students’ success by creating an inclusive classroom environment, 

incorporating peer collaboration, and participating in opportunities to develop, grow 

by participating in ongoing professional development.  

Cultural Awareness and Inclusive Classroom Instruction 
 

Understanding cultural diversity is essential because it allows individuals to see 

the world through different lenses and eliminate stereotypes and personal biases. 

Educators must understand the student population’s cultural diversity to develop explicit 

instructional design approaches to meet learners’ needs and prepare them for college and 

future careers. Revising the curriculum, embedding instructional strategies, and creating 

culturally relevant learning opportunities give students more significant opportunities to 

improve their classroom performance and assessments. Teaching strategies that interface 

with students’ real lives and interests and advance comprehension of different societies 

are related to better academic results. 

Cultural awareness and an inclusive classroom curriculum are necessary to 

meet all the students in the classroom. According to the National Center for Education 
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Statistics (NCES), the enrollment of white students in public schools over the past ten 

years has declined by 8%. In contrast, the minority student population increased by 

10% (NCES 2013). The US Census Bureau confirms that 48% of pupils under 18 are 

minorities, and by 2020 more than 50% will be minorities (US Census Bureau 2015b). 

It has also been projected that by 2060 the number of minority students will increase to 

64% (US Census Bureau 2015a). Therefore, it is essential for all stakeholders, 

including educators, administrators, and policymakers, to develop a curriculum that 

meets the nation's 21st-century diverse learners' needs. 

A qualitative case study examines students' and teachers' perceptions and 

experiences at a K-8th grade low-income private school in the southeast United States 

that receives a multicultural curriculum. The sample includes twenty African American 

participants, including 15 students, four teachers, and one administrator. The 

instruments include classroom observations and participant interviews after collecting 

data, analyzing it using open and axial coding to identify themes and categorize 

similarities among the participants' comments. The study results indicated that a 

culturally inclusive curriculum is beneficial to the students' social, cultural, and 

academic achievement (Wiggan et al., 2016). 

Developing culturally relevant pedagogy in Problem-based Learning is essential 

to recognize and affirm students' diverse cultural backgrounds and experiences to the 

classroom. Ladson-Billings (2009) explained culturally relevant pedagogy as one that 

"empowers students intellectually, socially, emotionally, and politically by using 

cultural referents to impart knowledge, skills, and attitudes" (p. 20). Problem-based 

Learning requires teachers to develop a relevant problem to students' lives and relate to 
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students' prior experiences to promote engagement, flexible thinking, and knowledge 

construction to improve their academic performance in the classroom and assessments. 

Problem-based learning methodology that is culturally responsive and inclusive allows 

students to connect new information to their prior knowledge, which is a crucial part of 

Learning. Schools need to foster equity by relating to students' cultural experiences and 

creating lessons that include real-world problems to improve student engagement and 

performance. 

Innovation and Collective Responsibility 
 

Teacher collective responsibility is how teachers feel accountable for learners' 

education and achievement and maintain discipline in the entire school (Lee & Smith, 

1996; LoGerfo & Goddard, 2008). It also highlights the commitment and trust among 

teachers and school administrators to try new ideas, collaboratively design instructional 

lessons and units, and coordinate their instruction with other grade levels to improve 

their teaching and meet all learners' needs (Bryk & Schneider, 2002). 

Extensive research concludes that educators generally avoid communicating 

ideas and feedback that imposes other teachers' work and value working independently 

more than the chance to influence others (Little, 1990; Lortie, 1975; McLaughlin & 

Talbert, 2001). The collaboration process among teachers and leaders in a professional 

learning community requires trust-building, routines, and reforms to encourage training 

and teamwork to tackle issues and prior misconceptions and critique each other's 

practice (Young, 2007; McDonald et al., 2003; Meier, 2002). 

Thomas H. Levine & Alan S. Marcus's (2007) qualitative case study on multiple 

trajectories of teachers showed what educators have already achieved, what progress 
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they are currently making, and what kinds of support could benefit their growth and 

work independently and collaboratively. The sample includes two groups of teachers 

from two separate high schools over two years. The instruments included are classroom 

observations and interviews with administrators, educators, and support staff. After data 

collection, the first analysis included bottom-up coding, which provided themes to 

develop from the data. It also had top-down coding, which allowed researchers to 

determine how teachers share their work, critique others, and participate in discussions 

that can affect their classroom practice. The study results indicated possible solutions to 

support educators in creating supportive structures to improve school performance. 

Outcomes showed that administrators should provide educators with the time 

and proper training to encourage growth in knowledge and skills. Also, school leaders 

should provide multiple sources of learning, such as readings, specialists, observations 

of exemplary programs, and other professional experiences. These possible solutions 

would strengthen teachers' knowledge and skills to improve student performance in the 

classroom collaboratively.  

Morales-Chicas and Agger (2017) conducted a study to determine if repeating 

algebra in the eighth grade and teachers' collective responsibility impacted students' 

mathematics scores by the twelfth grade and if this relationship differed by gender. 

The sample includes learners who participated in the High School Longitudinal Study 

(HSLS:09) throughout the United States. High school Longitudinal Study of 2009 

(HSLS:09) dataset includes student surveys from the ninth and eleventh-grade year 

and information on students' postsecondary, students' self-reported occupational plans 

in the twelfth grade, and teacher surveys on their collective responsibility perspective. 
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Students' mathematical scores at the end of eleventh grade, Grade 12 GPA in STEM 

courses, and Grade 12 GPA in mathematics courses were also collected. Independent 

t-tests and multiple regressions were used to analyze the data. The results of the 

research indicate that repeating algebra may support students' mathematics success. In 

schools with teachers with low perceptions of collective responsibility, the final 

performance scores in algebra were lower than in teachers with high perceptions. The 

results explain that teacher collective responsibility and support can better influence 

academic performance and engagement in the classroom. 

Collective responsibility encourages teachers to work together and take 

responsibility for students' learning (Kruse, Louis, & Bryk, 1995). It could also act as a 

protective factor to support the school environment during a change (Whalan, 2010), 

such as implementing Problem-based Learning (PBL). As PBL is executed in schools, 

educators' tasks and responsibilities are modified, such as taking a facilitator's role. 

Instead of directly presenting facts and concepts, this shift includes creating new lessons 

and implementing new guidelines that will likely influence teachers' innovation and 

responsibility beliefs. However, little is known about how teachers' collective 

responsibility in middle school mathematics that includes PBL could affect student 

achievement. 

Peer Collaboration 
 

Social learning or learning as part of a group is a crucial way to have 

students work collaboratively to solve a problem, complete a task, or design a 

product, which improves critical thinking, self-reflection, and co-construction 

knowledge. Collaborative learning allows students to interact, share their 
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experiences, and reflect upon what they have learned. This learning type helps 

students gain resources and skills and provide feedback to evaluate each other’s' 

work (Chiu, 2004). There is substantial literature supporting the idea that learners 

can attain higher achievement, especially in mathematics, through collaborative 

learning with their peers. Ardodo and Gbore (2012) and Lawrence (2004) explained 

how collaborative learning strategies could stimulate students' interest in 

mathematics and improve their performance on assessments. 

A study analyzed how collaborative learning techniques and Mathematics 

anxiety affect secondary school students' mathematics learning performance in Gombe 

State, Nigeria. The sample size includes 21,360 public secondary school students in 11 

Local Government Areas (LGAs) of Gombe State, Nigeria. A quasi-experimental 

design with a 2x2 factorial matrix analyzed pretest and posttest data from a Mathematics 

Learning Achievement Test (MLAT), which comprises thirty-one multiple-choice 

items. A multi- stage sampling technique to sample the participants from four local 

government areas in the state and data were analyzed using an independent samples t-

test. The first part of the study indicated that students with low mathematics anxiety had 

higher mathematics assessment scores than students with high mathematics anxiety. 

The second part of the study showed that students exposed to the collaborative learning 

technique had better mathematics scores than the control group (Olanrewaju et al., 

2019). 

Another study conducted in selected secondary schools in Natore, Bangladesh, 

examined the effects of the Learning Together model on students’ mathematics 

achievement and attitudes toward mathematics. The research also sought to determine 
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teachers’ attitudes towards the model in the classroom. The Learning Together model 

requires students to work together in small groups to complete a task presented by the 

teacher. The sample includes 112 9th grade students from two separate schools. A 

mixed- methods study was used, including mathematics pre/post-test, attitudes toward 

mathematics questionnaire, and teachers’ interview. The quantitative data were 

analyzed using independent samples t-test, and the qualitative data were examined 

using content analysis. The study results indicated that students who worked 

collaboratively with their peers performed better on the mathematics assessment and had 

more positive attitudes towards the subject. Teachers who utilized this model in the 

classroom did perceive this model as being overall positive (Hobri et al., 2018). 

Hui-Chuan Li & Tsung-Lung Tsai researched in a Taiwanese mathematics 

classroom. The purpose of the research is to look at the impact of PBL on students' 

experiences, concentrating on their actions during small group discussions to explain 

what inspired their engagement in PBL. The study also examined how students retained 

learned material by comparing their performances on five researcher-designed written 

tests. The sample includes 35 5th grade mixed ability students from a public primary 

school in a suburban central-west Taiwan area. The instruments used are parent 

Perception surveys, student interviews, and teacher interviews. Teachers chose to 

participate in the study as they wanted to change their teaching practice to incorporate 

PBL and help the students have a more in-depth understanding of fractions. Educators 

participated in a 4-week professional development before implementing the PBL 

approach in their classrooms. 

The results of the study indicated the benefits of PBL on student achievement 



 38 

and social skills. Results showed that students' communication and explanation skills 

influenced their group's climate and affected their overall performance on the PI test. 

The results also indicated that students in the PBL intervention could better explain the 

fractional concepts on the assessment as they developed a deeper understanding of their 

content. The findings suggest that student PBL intervention increases students' ability to 

retain information. Also, students, the developmental process is primarily influenced by 

their experience of working with their peers. It cannot be assumed that students can 

operate independently in groups but rather be guided by their teachers to work 

collaboratively with their peers. A limitation of the study is that it only looked at one 

elementary class of 35 students. Another limitation was that the study did not include 

any standardized assessments. 

Quality of Professional Development 
 

Professional development opportunities are essential for the continuous growth 

of teachers' knowledge, skills, and effectiveness in planning and instructional practices. 

It is a "key focus of U.S efforts to improve education" (Birman et al., 2000) because 

"teachers are the most important key players in students' educational outcomes" 

(Ekmekci et al., 2019). Professional development provides educators with opportunities 

to "integrate what they learn with other aspects of their instructional content, because 

teachers from the same school, department, or grade are likely to share common 

curriculum materials, course offerings, and assessment requirements" (Birman et al. 

2000). It also helps teachers recognize the students' diverse needs and the communities 

they serve by setting high expectations, enhancing learning, and breaking down 

academic barriers. 
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A multilevel analysis was conducted to measure teachers related professional 

background, adaptive educational beliefs, and Mathematical Knowledge for Teaching 

(MKT) on students' mathematics achievement. The sample included 34 elementary and 

middle school mathematics teachers and 2,078 K-8 students from Houston, Texas. The 

mathematics teachers who participated in the study attended Rice University School 

Mathematics Project's summer professional development program. The instruments 

used were teacher surveys and the Stanford 10 to measure student achievement in 

mathematics. The data were analyzed using hierarchical linear modeling to estimate the 

effects on student achievement. The study results indicate that developing teachers' 

mathematical knowledge plays a vital role in improving students' academic success in 

mathematics. Teachers should also be provided with professional development 

opportunities to strengthen their mathematical content and pedagogical knowledge. A 

limitation of the study is that the representative dataset is too small, and therefore 

elementary and middle school levels had to be combined. With a larger dataset, each 

school level can be looked at independently to measure teacher factors' effect on student 

achievement (Ekmekci et al., 2019). 

School Commitment 
 

Teachers who are satisfied with their job are more highly committed or 

dedicated to an organization (Firestone & Rosenblum, 1988; Crosswell, 2006). 

Educators with strong school commitment ties can enhance student academic 

achievement. High levels of commitment can include looking forward to working and 

recommending the school to parents and other educators. 

Qadachm, Schechter, and Da'as (2020) explored the effects of principals' 
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characteristics with teachers' characteristics with students' performances on national 

math and science examinations. Principals' factors include principals' information-

processing mechanisms (PIPMs) and instructional leadership (IL). Teachers' features 

involve teachers' affective commitment (TAC), collective teacher efficacy (CTE), and 

teachers' job satisfaction (TJS). The sample included 130 principals and 1,700 teachers. 

The data were collected from a multisource survey and aggregated at the school level 

for structural equation modeling (SEM) analysis. The investigation outcomes indicated 

that principal characteristics played an essential role in supporting collective learning 

within schools, predicting teacher characteristics and overall student achievement. 

Ma & McIntyre (2005) looked at the effects of pure and applied mathematics 

courses on mathematics achievement. The study also looked at students, teachers, and 

school characteristics on student performance on the standardized mathematics 

examination. A total of 1,518 tenth-grade students from 34 schools participated in this 

study. The data was gathered from these students until the end of their high school 

courses. Assessment scores and questionnaire data were used from the Longitudinal 

Study of Mathematics. After analyzing data using multilevel modeling, the results 

indicated that students taking pure and applied mathematics performed better in 

schools with higher teacher commitment. 
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CHAPTER 3 
 

Introduction 
 

This research uses a quantitative design to examine problem-based learning 

(PBL) effects on middle school students' Math achievement. The study also analyzes the 

impact of the PBL and traditional instruction approaches on students' and teachers' 

perceptions of the school environment. The result of the NYC School Survey in the 

categories: Rigorous Instruction and Collaborative Teachers were examined to explore 

if the categories can predict student performance on the NYS Mathematics Assessment. 

The PBL instructional approach's influence is essential for reviewing how 

engaging students in authentic, real-world tasks and developing their creativity and 

problem-solving skills can lead to success in college and careers of the 21st century. 

Two districts from NYC public schools were selected for this research study. The 

independent variable is whether or not the school implements the Problem-based 

Learning program. 

There are 27 schools analyzed in this study. Eleven schools in the 

intervention group (Group 1) have implemented the PBL curricula in the 2018-19 

school year. Sixteen schools in the control group did not implement the PBL 

curricula during the 2018-19 school year. The dependent variable is students' 

performance on the Math State assessments and students' attitudes toward their 

school community. 

The achievement gains are analyzed using the NYS Assessment in Mathematics 

test scores for the 2018-19 school year. The Math tests measure students' knowledge, 

skills, and practices embodied by the P-12 Common Core Learning Standards. The 
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scores are calculated on four performance levels; Level 1, Level 2, Level 3, and Level 4. 

Level 1 students perform well below proficient according to the standards for their 

grades. Level 2 students are considered partially proficient in standards but insufficient 

for the expectations at this grade. Level 3 students are proficient in standards and 

sufficient for the expectations for the grade. Level 4 students excel in standards for their 

grade and are adequate for this grade's expectations. 

The second outcome variable captures students' and teachers' perceptions of 

their school community using archived data from The New York City Department of 

Education (NYCDOE). The survey has collected essential data about a school's 

capacity to improve student achievement and strengthen students to compete in the 21st 

century. This study focuses on the two constructs of Rigorous Instruction and 

Collaborative Teachers. 

Methods and Procedures 
 

Four research questions are used to determine if Problem-based learning 

improved student achievement and attitudes towards class. The level of significance 

for the acceptance of the hypothesis will be less than .05. 

Research Questions 
 
1. Is there a difference in middle schools' achievement scores in Math State 

Assessment between PBL schools and non-PBL schools? 

2. Is there a difference in students' and teachers’ perspectives of the school 

climate on the NYC School Survey (Rigorous Instruction and 

Collaborative Teachers) between schools that employed the PBL teaching 

approach and schools that used the traditional teaching approach? 
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3. Will practice of PBL, students' perception of rigorous instruction, and 

students' perception of collaborative teachers predict students' achievement 

in Math State Test Scores? 

4. Will practice of PBL, teachers’ perception of rigorous instruction, and 

teachers’ perception of collaborative teachers predict students' achievement 

in Math State Test Scores? 

Research Design and Data Analysis 

The first research question is to see a statistically significant difference in the 

Mathematics State Assessment scores between schools implementing the PBL 

intervention. The independent variables are the PBL groups. Group 1 participates in the 

Problem-based learning intervention, and Group 2 is the traditional schools not 

participating in the PBL program. The dependent variables are students' performance 

scores on the NYS Mathematics Assessments. The hypothesis of the research study are as 

follows: 

• H0: There is no difference in Math State Assessment Scores between the PBL groups 

(PBL, Traditional). (H0: u1 = u2). 

• H1: There is a significant difference in Math State Assessment Scores between the 

PBL groups (PBL, Traditional). (H1: u1 ≠ u2). 

Mann-Whitney U test will analyze the data for the first research question. The 

purpose of the test will be to determine if there is a significant difference between 

the means of two unrelated groups, with one categorical variable with two groups 

and one continuous dependent variable. 

The second research question determines whether there is a difference in 
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students' perspectives of the school climate on the NYC School Survey (Rigorous 

Instruction and Collaborative Teachers) between schools that employed the PBL and 

schools that used the traditional teaching approach. The independent variables are 

the groups. Group 1 participates in the Problem-based learning intervention, and 

Group 2 is the conventional was schools are not participating in the PBL program. 

The dependent variables are the NYC student survey, Rigorous Instruction, and 

Collaborative Teachers. 

The hypothesis for the second research question is below. 
 

• H0: There is no difference in Rigorous Instruction and Collaborative 

Teachers based upon the groups (PBL, Traditional). (H0: u1 = u2). 

• H1: There is a difference in Rigorous Instruction and Collaborative Teachers 

based upon the groups (PBL, Traditional). (H1: u1 ≠ u2). 

Mann-Whitney U test will analyze the second research question data 

statistically. The rationale for using this test is to compare two independent groups 

(Group 1: PBL vs. Group 2: Traditional) to see the PBL program's effect on student 

attitudes on the NYC student survey. 

The third research question will determine which subcategories of school 

climate from the NYC Student Survey, rigorous instruction, or collaborative teachers 

predict students' achievement in math state test scores in the PBL classroom. The 

subcategories of the school climate will serve as the mediator variable. 

The hypothesis for the third research question is below: 

• Ho: There will be no significant interaction between school climate on student 

achievement on the math test scores. 
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• H1: There will be a significant interaction between school climate on student 

achievement on the math state test scores. 

The statistical test used to analyze the data for research question three will be a 

multiple linear regression. This test is used because there is a single dependent 

variable to predict more than one independent variable. 

The fourth research question will determine which subcategories of school 

climate from the NYC Teacher Survey, rigorous instruction, or collaborative teachers 

predict students' achievement in Math State Test Scores in the PBL classroom. The 

subcategories of the school climate will serve as the mediator variable. 

The hypothesis for the third research question is below: 

• Ho: There will be no significant interaction between school climate on 

student achievement on the Math test scores. 

• H1: There will be a significant interaction between school climate on 

student achievement on the Math state test scores. 

The statistical test used to analyze the data for research question three will be a 

multiple linear regression. This test is used because there is a single dependent variable to 

predict more than one independent variable. 

Reliability and Validity of the Research Design 

This research examined the influence of Problem-based learning on learners' 

performance on the NYS Math test and their attitudes towards their school environment 

compared to a traditional education method. All schools in the two districts within the 

same borough of New York City (11-PBL and 16-Traditional) examine the PBL 

learning approach's effectiveness. The following measures were taken to increase the 
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level of reliability and validity of the research design: 

• The data is collected from all schools within two districts in the same borough 

in New York City that serve students in grades 6 to 8 to avoid selection bias 

and obtain a sufficient sample size. 

• A standardized PBL School Rubric from the Buck Institute for Education is 

used to determine whether schools actively engage students in real-world and 

personally meaningful projects. Schools that use traditional instruction methods 

are coded as 1, and schools that implement PBL in their classroom are coded as 

2. 

• The study sample represents similar student demographics compared to the 

entire NYCDOE student population, and therefore the study can be generalized. 

The Sample and Population 
 

The New York City Department of Education is the largest school district in 

the United States. They currently house over a million students of diverse 

socioeconomic, racial, ethnic, and academic backgrounds. 

Sample 
 

27 middle schools in NYC public school system across two districts 
 

• 11 middle schools that employ problem-based learning methods of instruction 

 
• 16 middle schools that use problem-based learning methods of education in 

the same district 
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A former student at St. John’s University, Nayeon Naomi Hwang, reached out to 

superintendents/deputy superintendents from districts 28 and 30 to determine which 

schools implemented PBL. Schools that were using the PBL approach were recognized 

by the Buck Institute for Education PBL School Rubric. The schools that implement 

PBL will be used for this research. 

The schools selected for this study are chosen randomly across two districts in New 

York City. The superintendent/deputy superintendent has approved all schools using the 

PBL program to successfully implement PBL within their core instruction, evidenced by 

the PBL School Rubric. The Buck Institute for Education has established the PBL 

School Rubric. The schools examined in this research consist of diverse student 

populations and can be generalized to the overall populations in NYCDOE. The 

demographics of the general NYC DOE population and the two districts examined in 

this research study are shown in Table 1. 

Population 
 

This quantitative study's target population was middle schools in urban public- 

school systems receiving math instruction, either through a traditional method or 

through the problem-based learning approach. 

Table 3.1 

Description of Participants in Participating Schools and All NYC DOE 
 
 Category Participating Schools NYC DOE 

    
Race  

Asian 
 

19.3% 
 

16.2% 
 Black 20.7% 25.5% 
 Hispanic 34.3% 40.6% 
 White 15.7% 15.1% 
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Students with Disabilities 15.4% 20.2% 
English Language Learners 11.7% 13.2% 
Economically Disadvantaged 71.6% 72.8% 

 
 
Table 3.2 
 
Description of Participants in PBL Schools and Traditional Schools 
 
Category Schools PBL Schools Traditional 

Race 
Asian 

 
19.8% 

 
18.8% 

Black 20.4% 21.0% 
Hispanic 32.0% 36.6% 
White 16.0% 15.4% 
 
 
Students with Disabilities 14.7% 16.0% 
English Language Learners 13.0% 10.4% 
Economically Disadvantaged 70.0% 73.5% 

 
Instruments 

Mathematics State Assessment 

The Mathematics Test was created in alignment with the New York State P–12 

Learning Standards. The test consists of two sessions, with session one composed of 

multiple-choice questions and two of multiple-choice, short-response, and extended- 

response questions. According to the 2019 exam for 6th grade, there were 38 multiple 

choice questions, seven short responses, and one extended response question. The 

topics covered on the 6th-grade test included number systems, expressions, and 

equations, ratios and proportional relationships, geometry, statistics, and probability. 

For the 7th grade, there are 40 multiple choice questions, seven short responses, and 

one extended response question. The topics covered on the 7th-grade test included 
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number systems, expressions, and equations, ratios and proportional relationships, 

geometry, statistics, and probability. In the 8th grade, there are 40 multiple choice 

questions, seven short responses, and one extended response question. The topics 

covered on the 8th-grade exam included number systems, expressions and equations, 

functions, geometry, statistics, and probability. 

Reliability and Validity of the Mathematics State Assessment 
 

The NYS Mathematics exam is a highly standardized instrument chosen to 

ensure a full range of the state's grade-level academic content standards. It gives all 

students equal access to success in the assessment by guiding English Language 

Learners and Students with Disabilities to receive appropriate accommodations. There 

are also standardized scoring procedures and protocols to deliver reliable results. The 

state has documented reliability and validity in the New York State Testing Program 

2019: English Language Arts and Mathematics Grades 3–8 Technical Report. 

To ensure reliable evidence, Questar used Cronbach's alpha and Feldt-Raju 

coefficients to determine how consistent the results are for the items that measure the 

same construct on the mathematics assessment. Reliability was calculated for the 

multiple-choice, constructed-response items and the subgroups. The reliability 

estimates for both methods ranged from 0.92 to 0.95, ensuring excellent test internal 

reliability.  

According to the 2019 Technical Report, to ensure content validity evidence, 

the NYS Testing Program (NYSTP) explains the state content standards and defines 

the aligned skills to assess these content standards. During the NYS test construction, 

the NYSTP process works to provide explicit content representation and balance. 
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Educators are also involved in developing the assessment during the item review 

process and establishing scoring rubrics for constructed-response questions. 

Various evidence supports the Grades 3–8 Mathematics tests' construct validity, 

including internal consistency, unidimensionality, and bias detection. Internal 

consistency was determined using high coefficients of the tests for the total population 

and subgroups of students. For the mathematics state assessment, Cronbach's alpha's 

high consistency indicated construct validity as the entire population ranged from 0.92 

to 0.94. For the subgroups, it was greater than or equal to 0.83. 

Unidimensionality helped determine the degree to which the test items conform 

to the statistical models' requirements. The IRT model fit analysis determined that the 

assessment items were included across the grades and content area. Factor analysis such 

as the matrices of polychoric correlations helped indicate that the items tested on the 

mathematics assessments measure one underlying mathematics proficiency construct. 

Differential item functioning (DIF) statistical methods were used to reduce 

item and operational test construction bias to evaluate validity. Precisely, standardized 

mean differences assess constructed responses, and Mantel-Haenszel methods were 

used to determine the multiple-choice items. During the assessment review process, 

the items were checked to conform to Questar’s editorial policies and guidelines and 

NYSED’s procedures and were reviewed by New York State educators. Reviewers 

carefully evaluated any items flagged by the DIF as biased to ensure that they did not 

negatively affect any demographic studied. 

NYC Student Survey 

Students, parents, and teachers both participate in the NYC DOE survey in 
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school annually. Schools in the fall decide if they would like their students to take the 

survey online or on paper. The NYC School Survey is voluntary and confidential in 

which students, parents, and teachers can exempt themselves from taking the survey or 

choose not to answer as many questions as they want. The survey gathered information 

from school communities on the six elements of the Framework for Great Schools. The 

six components include rigorous instruction, a supportive environment, collaborative 

teachers, effective school leadership, strong family-community ties, and trust. 

The NYC DOE distributes surveys to parents, teachers, and students. The survey 

measures the six elements for the framework of great schools. According to the 

Framework for Great Schools (2021), the construct 'Rigorous Instruction' measures if 

students are engaged in a high standards classroom and develop critical thinking skills 

aligned to the Common Core. 'Supportive Environment' construct determines if students 

feel supported, safe, and challenged by the school community. The 'Collaborative 

Teachers' construct measures if teachers are devoted to their school community's 

progress and development. The 'Effective School Leadership' construct determines 

school administrators address the instructional and social-emotional support that drives 

student achievement. 'Strong Family-Community Ties' construct measures to see if the 

school principals encourage and develop partnerships with other stakeholders such as 

families, businesses, and community-based organizations. The last component measures 

'Trust' to see if everyone is working towards growing student performance and 

equipping them for success in school and beyond. 

Rigorous instruction and collaborative teachers are the two categories of the 

NYCDOE student and teacher survey examined for this particular study. Within 
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rigorous instruction, the subcategories include academic press, common core shifts in 

math, course clarity, and quality of student discussion. For the student survey, the 

subcategories under rigorous instruction include academic press and course clarity. For 

the teacher survey, the subcategories under Rigorous Instruction include Academic 

Press, Common Core shifts in math, and Quality of student discussion. 

Within Collaborative Teachers, the subcategories include Cultural awareness 

and inclusive classroom instruction, Innovation and collective responsibility, Peer 

Collaboration, and Quality of professional development. For the student survey, the 

subcategories under Collaborative Teachers include Cultural awareness and inclusive 

classroom instruction. For the teacher survey, the subcategories under Collaborative 

Teachers include Cultural awareness and inclusive classroom instruction, Innovation 

and collective responsibility, Peer Collaboration, and Quality of professional 

development. 

Reliability and Validity of the NYC Student Survey 
 

Overall, the NYCDOE had a very high percentage of teachers, students, and 

parents completing the NYC School Survey, increasing the instrument's reliability. The 

variation of question types in students and teacher surveys also increased the validity of 

this study. 

PBL School Survey 

The PBL School rubric designed by the Buck Institute for Education (2013) is 

used in this research to determine which schools participate in the PBL instructional 

method. This rubric is divided into two essential elements of a PBL school; Significant 

Content and 21st Century Competencies. The rubric includes determining if school 
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leadership consistently promotes, models, and recognizes, and teachers have 

opportunities to implement the 4’Cs: communication, collaboration, critical thinking, 

and creativity and innovation. The rubric also includes whether schools include the eight 

essential elements for teachers to define quality project design. These eight essential 

elements are key knowledge, understanding, success skills, challenging problems or 

questions, sustained inquiry, authenticity, student voice & choice, reflection, critique & 

revision, and public product. The eight essential elements align with the HQPBL 

framework providing students with effective implementation of PBL (Buck Institute for 

Education, 2013). 

The first level is called ‘Beginning PBL School.’ The second level is the ‘Needs 

Further Development.’ The third level is the ‘Promotes and Sustains Best Practices of a 

PBL School.’ For this research study, schools that do not participate or are at the 

beginning of the PBL program are treated as traditional schools. School leaders in 

conventional schools could have established PBL, but the challenges remain addressed 

(Buck Institute for Education, 2013). 

Beginning PBL School- Level 1 

For this research, schools that do not implement PBL or are in level 1 of the 

rubric are in group 1 that uses traditional instruction methods. In level 1, school leaders 

could have begun taking steps to support PBL, but obstacles remain. These barriers 

include not having established a PBL Implementation Plan to define the vision, craft, 

goals, and outline steps to support PBL. Teachers are still ambiguous about the "next 

steps" and how they will execute the plan. 

Teachers at this level could have begun developing awareness of the 8 Essential 
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Elements, but the entire school has not implemented them in quality project design. In 

addition, the school leadership has not encouraged, understood, and showed the use of 

the 4 Cs to its staff, and there have been limited chances for educators to exhibit them. 

There is limited participation between faculty members during meetings, restricted to 

little or no collaboration, limited opportunities to examine complex problems related to 

PBL implementation and effectiveness of student learning, and lack of clarity on how to 

implement PBL in the classroom (Buck Institute for Education, 2013). 

Needs Further Development- Level 2 
 

For this study, schools with some growth areas or in level 2 of the rubric are in 

group 2 using PBL instruction methods. At this level, the school administration has 

developed the PBL Implementation Plan, and it is being administered in most of the 

content areas. Compared to level 3, even though the school leaders have begun building 

the culture and methods that support PBL, some staff members might lack 

understanding of the plan and why it is crucial to learner maturity in content education 

and 21st-century skills. 

Most educators are practicing the 8 Essential Elements to establish quality 

project design, and the administration is starting to encourage and implement the use of 

4 C’s. Educators are presented with chances to work collaboratively and interact in 

meetings with equal participation to investigate complex problems associated with PBL 

implementation. Educators have also begun to execute innovative ideas into practice. 

Compared to level 3, although educators can analyze complex issues, the suggested 

solution will affect various elements that make up the school system (Buck Institute for 

Education, 2013). 
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 Promotes and Sustains Best Practices of a PBL School- Level 3 
 

For this study, schools that have adopted the practices that encourage PBL or 

are in level 3 of the rubric are in group 2 that uses PBL instruction methods. In level 3, 

school leadership has formed a PBL implementation plan to accomplish the vision, 

meet performance goals, and promote PBL. All stakeholders comprehend the program 

and are thriving in delivering the project that centers on student education. 

All teachers successfully use the eight elements to define quality project 

design and are provided with constant possibilities to demonstrate the 4 Cs. Educators 

work together to share their ideas and receive feedback as they communicate their 

opinions. They work collaboratively in teacher teams to share their expertise and 

abilities to develop the best practices that support PBL. They think critically to 

examine complex problems and propose solutions to PBL implementation and 

efficient student education. The school has established the PBL program in which the 

staff can innovate. 

Procedures for Collecting Data 
 

The student and teacher surveys for the 2018-19 school year are archived data 

that is publicly available. The NYC DOE schools distribute the student survey during 

school time to students enrolled in grades 6-12. The guidelines address how the 

school community should maintain the survey's confidentiality, not influence student 

responses, and not review survey responses. Each school implements time in its 

schedule for learners to complete the survey. Depending upon the school's request, 

students can complete paper surveys or use the survey access codes to take the survey 

online. The school should collect the paper student surveys and return them using the 
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UPS shipping form. 

The Mathematics Assessments for the 2018-19 school year are on the New 

York State Education Department (NYSED) data site. All public-school students in 

Grades 3 through 8 take the state tests administered for their grade level. The 

examination is secured before the distribution in all schools to ensure test security. 

Conceptual Framework 
Figure 1  

A Conceptual Framework showing the relationship between the four variables; rigorous 

instruction, collaborative teachers, PBL program, and math achievement 

 

 

The conceptual framework looks at the relationship between the four 

variables; rigorous instruction, collaborative teachers, PBL program, and math 
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achievement. 

Rigorous instruction and collaborative teaching are elements of the Framework 

for Great Schools conceptualized by NYC measures school quality that drives student 

achievement and school improvement. According to the Framework & School Survey 

Scoring Technical Guide (2018-19), rigorous instruction is to see if “curriculum and 

instruction are designed to engage students, foster critical thinking skills, and are 

aligned to the Common Core.” Collaborative teachers are if “teachers participate in 

opportunities to develop, grow, and contribute to the continuous improvement of the 

school community” (p.1). The PBL program included schools that implemented the 

practices and culture of a PBL instructional program and utilized the 8 Essential 

Elements to define quality projects in their classrooms. These eight essential elements 

shown in the Project Design Rubric are key knowledge, understanding, success skills, 

challenging problem or question, sustained inquiry, authenticity, student voice & 

choice, reflection, critique & revision, and public product. 
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CHAPTER 4 
 

Introduction 
 

The purpose of this chapter is to explain the results and findings for each 

research question.  

Results/Findings 
 
Research Question/Hypothesis 1 

Is there a difference in middle schools' achievement scores in Math State 

Assessment between PBL schools and non-PBL schools? The hypotheses chosen were:  

• H0: There is no significant difference in Math State Assessment Scores between 

the groups (PBL, Traditional). (H0: u1 = u2). 

• H1: There is a significant difference in Math State Assessment Scores 

between the groups (PBL, Traditional). (H1: u1 ≠ u2). 

The Mann-Whitney U test was used to determine a significant difference in 

middle schools' achievement scores (grades 6-8) in Math State Assessment by the PBL 

Intervention (Group 1: PBL, Group 2: Traditional). In other words, this research 

question was trying to determine if schools that implemented problem-based learning 

outperformed schools that did not on the Mathematics State Exam administered to 

students in grades 6-8. A total of 27 schools were analyzed in this study, with 16 

schools that did not receive PBL and 11 schools that did receive PBL. 

A Mann-Whitney U test indicated that the total score of 6th-grade 

mathematics assessment was significantly more significant for the PBL group 

(Mdn =273.00) than for the traditional group (Mdn=222.00), U= 43.00, z= -

2.222, p=.0026. An effect size can be calculated by dividing the absolute 
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(positive) standardized test statistic z by the square root of the number of pairs. 

Here the effect size is 0.43, which is a moderate effect according to Cohen’s 

classification of effect sizes which is 0.1 (small effect), 0.3 (moderate effect), 

and 0.5 and above (large effect). 

𝑟=𝑍/√N = 2.222/√27 = 2.222/5.196 = .43 
 

A Mann-Whitney U test indicated that the total score of 7th-grade mathematics 

assessment was significantly more significant for the PBL group (Mdn =280.00) than 

for the traditional group (Mdn =206.50), U= 23.00, z= -2.715, p=.007. An effect size 

can be calculated by dividing the absolute (positive) standardized test statistic z by the 

square root of the number of pairs. Here the effect size is 0.52, which is a large effect 

according to Cohen’s classification of effect sizes which is 0.1 (small effect), 0.3 

(moderate effect), and 0.5 and above (large effect). 

𝑟=𝑍/√N = 2.715/√27 = 2.715/5.196 = .52 
 

A Mann-Whitney U test indicated that the total score of 8th-grade mathematics 

assessment was significantly more significant for the PBL group (Mdn =270.50) than 

for the traditional group (Mdn=203.00) U= 17.00, z= -2.393, p=.017. Standardized test 

statistic z by the square root of the number of pairs. Here the effect size is 0.54, which 

is a large effect according to Cohen’s classification of effect sizes which is 0.1 (small 

effect), 0.3 (moderate effect), and 0.5 and above (large effect). 

𝑟=𝑍/√N = 2.393/√20 = 2.393/4.47 = .54 
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Table 4.1 
 
Mann-Whitney U Test: Mean and Sum of Ranks of Math Achievement of Grade 6, 
Grade 7, and Grade 8 between PBL and non-PBL Schools 
 
 N Mean Rank Sum of Ranks U Z p 

Math G6 PBL 16 11.19 179 43 -2.222 .026 

                        Non-PBL 11 18.09 199    

Math G7 PBL 16 10.56 169 33 -2.715 .006 

                        Non-PBL 11 19.00 209    

Math G8 PBL 16 7.92 95 17 -2.393 .017 

                        Non-PBL 11 14.38 115    

 
Research Question/Hypothesis 2 
 

Is there a difference in students' and teachers’ perspectives of the school 

climate on the NYC School Survey (Rigorous Instruction and Collaborative Teachers) 

between schools that employed the PBL teaching approach and schools that used the 

traditional teaching approach? 

• H0: There is no difference in Rigorous Instruction and Collaborative Teachers 

based upon the groups (PBL, Traditional). (H0: u1 = u2). 

• H1: There is a difference in Rigorous Instruction and Collaborative Teachers 

based upon the groups (PBL, Traditional). (H1: u1 ≠ u2). 

The Mann-Whitney U test determined if there was a significant difference in middle 

schools' survey scores (Total Collaborative Teachers and Total Rigorous Instruction) by 

the PBL Intervention (Group 1: PBL, Group 2: Traditional). In other words, this research 

question was trying to determine if schools that implemented problem-based learning had 
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greater teacher collaboration and rigorous instruction than schools that did not. 

Before developing the second research question, a Mann-Whitney U test was tested 

for all six elements under the Framework for Great Schools. The six elements include 

rigorous instruction, collaborative teachers, a supportive environment, effective school 

leadership, strong family-community ties, and trust. The two elements that were found to 

be statistically significant were rigorous instruction and collaborative teachers. Rigorous 

instruction and collaborative teachers’ elements were then used to determine if there is a 

difference in students' and teachers’ perspectives of the school climate between schools 

that employed the PBL teaching approach and schools that used the traditional teaching 

approach. 

Table 4.2 
 
Mann-Whitney U Test: Hypothesis Test Summary 
 
 Null Hypothesis Sig. Decision 

1 Collaborative The distribution of Collaborative .032 Reject the null 
Teachers Teachers Score is the same across  hypothesis 

 categories of PBLCODE.   

2 Effective School The distribution of Effective School .407 Retain the null 
Leadership Leadership Score is the same across  hypothesis 

 categories of PBLCODE.   

3 Rigorous The distribution of Rigorous .049 Reject the null 
Instruction Instruction Score is the same across  hypothesis 

 categories of PBLCODE.   

4 Strong Family- The distribution of Strong Family- 
Community Ties Community Ties Score is the same 

across categories of PBLCODE. 

.913 Retain the null 
hypothesis 
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Collaborative Teachers Score 
 

According to the NYC School Survey on rigorous instruction scores from 2019, 

a Mann-Whitney U test indicated that the total score of Rigorous Instruction was 

significantly more significant for the PBL group (Mdn = 4.28) than for the traditional 

group (Mdn=3.63), U= 32.00, z= -2.117, p=.034. An effect size can be calculated by 

dividing the absolute (positive) standardized test statistic z by the square root of the 

number of pairs. Here the effect size is .41which is a moderate effect according to 

Cohen’s classification of effect sizes which is 0.1 (small effect), 0.3 (moderate effect), 

and 0.5 and above (large effect). 

𝑟=𝑍/√N = 2.117/√27 = 2.117/5.20 = .41 
 

These results suggest a significant difference in collaborative teachers’ scores 

between schools implementing PBL versus schools not. Collaborative teacher scores in 

the schools that implement PBL are significantly higher than in schools that do not. 

Rigorous Instruction 
 

According to the NYC School Survey on rigorous instruction scores from 2019, 

a Mann-Whitney U test indicated that the total score of rigorous instruction was 

significantly more significant for the PBL group (Mdn = 4.04) than for the traditional 

group (Mdn=3.58), U= 34.00, z= -1.998, p=.046. An effect size can be calculated by 

5 Trust Score The distribution of Trust Score is the 
same across categories of 
PBLCODE. 

.238 Retain the null 
hypothesis 

6 Supportive The distribution of Supportive 
Environment Environment Score is the same 

across categories of PBLCODE. 

.467 Retain the null 
hypothesis 

 
a. The significance level is .050 
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dividing the absolute (positive) standardized test statistic z by the square root of the 

number of pairs. Here the effect size is .38, which is a moderate effect according to 

Cohen’s classification of effect sizes which is 0.1 (small effect), 0.3 (moderate effect), 

and 0.5 and above (large effect). 

r=𝑍/√N = 1.998/√27 = 1.998/5.20 = .38 
 

These results suggest a significant difference in rigorous instruction scores 

between schools implementing PBL versus schools not. Rigorous instruction scores in 

the schools that implement PBL are significantly higher than schools that do not. 

Table 4.3 
 
Mann-Whitney U Test: Median of Collaborative Teachers and Rigorous 
Instruction between PBL and non-PBL Schools 
 
 N Median U Z p 

Collaborative 
Teachers 

PBL 16 3.63 32 -2.117 .034 

 Non-PBL 11 4.28    

Rigorous Instruction PBL 16 3.58 34 -1.998 .046 

 Non-PBL 11 4.04    

 
Research Question/Hypothesis 3 
 

Will practice of PBL, students' perception of rigorous instruction, and 

students' perception of collaborative teachers predict students' achievement in Math 

State Test Scores? 

According to the 2019 NYC student school survey, the subcategories for 

rigorous instruction include Academic Press and Course Clarity. The subcategory for 
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collaborative teachers includes Cultural awareness and Inclusive classroom instruction. 

The average total score was determined for the subcategories for rigorous 

instruction and collaborative teachers. The average for 6th grade, 7th grade, and 8th- 

grade mathematics scores was computed to determine the total Mathematics score. The 

total mathematics score was chosen because the survey combined all middle school 

students (grades 6-8). 

A multiple linear regression analysis was run to predict students' achievement on 

the mathematics state test based on the student survey scores for rigorous instruction and 

collaborative teachers. The rationale for using multiple regression was there was only one 

continuous outcome dependent variable and three continuous predictor independent 

variables. 

The hypotheses chosen were: 
 

• Ho: Practice of PBL, students’ perception of Rigorous Instruction and students’ 

perception of Collaborative Teachers will not have significant predictive 

relationship with student Math achievement scores. 

• H1: Practice of PBL, students’ perception of Rigorous Instruction and students’ 

perception of Collaborative Teachers will have significant predictive relationship 

with student Math achievement scores. 

 
The alpha level of .05 was chosen to test for significance. 

 
Before running the multiple regression analysis, the six assumption tests were 

conducted. The relationship between the independent and dependent variables was 

linear, as was demonstrated with scatterplots. There was no multicollinearity in the data 

except for collaborative teachers with the variable (rigorous instruction), r = .883, p < 
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.001. However, when viewing the Collinearity statistics in the SPSS output, the VIF 

scores were well below 10 (Rigorous Instruction= 4.526 and Collaborative Teachers = 

4.526), and the tolerance scores were above 0.2 (Rigorous Instruction= .221 and 

Collaborative Teachers = .221). Therefore, the multicollinearity assumption was met. 

The values of the residuals were independent, as were noted by the Durbin-Watson 

statistic, which was close to 2 (Durbin-Watson = 2.305). The variance of the residuals 

was constant, which was identified by the plot showing no signs of funneling, which 

suggests the assumption of homoscedasticity has been met. The values of the residuals 

were normally distributed, which was evidenced by the P-P plot. Finally, no influential 

cases of biasing or outliers were evident in the data, verified by calculating Cook’s 

Distance values, all under 1.00. 

The stepwise multiple regression analysis was run using SPSS. The three 

predictors included in the study are PBL, students’ perception of Rigorous Instruction, 

and students’ perception of Collaborative Teachers. The dependent variable is the Total 

Mathematics State Score of Grade 6, 7, and 8. Students’ perception of Rigorous 

instruction and students’ perception of collaborative teaching were not significant in the 

analysis. Only the practice of PBL predicted students’ achievement scores. According to 

these results, the practice of PBL explains 48.8% of math achievement scores. A 

regression equation was found F(1,18) = 19.118, p <.001 did significantly predict the 

total mathematics state score. The null hypothesis is rejected. By changing the non-PBL 

to PBL schools, the total mathematics score increased by 87.431. 
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Table 4.4 
 
Model Summary 
 
R R Square Adjusted R Square F Change df1 df2 Sig. F Change 

.718 .515 .488 19.118 1 18 <.001 
 

a. Predictors: (Constant), Practice of PBL 
b. Dependent Variable: Mathematics Total 

 
Table 4.5 
 
Coefficients 
 
Model B Std. Error 

 
 
 

Beta 

 
 
 

t 

 
 
 

Sig. 

1 (Constant) 109.597 29.659  3.695 .002 
Practice of PBL 87.431 19.996 .718 4.372 <.001 
a. Dependent Variable: Mathematics Total    
 
Research Question 4 /Hypothesis 
 

Will practice of PBL, teachers’ perception of rigorous instruction, and 

teachers’ perception of collaborative teachers predict students' achievement in Math 

State Test Scores? 

According to the 2019 NYC teacher school survey, the subcategories under 

rigorous instruction are the Common Core shift in mathematics and academic press. The 

subcategory for collaborative teachers includes cultural awareness and inclusive 

classroom instruction, innovation and collective responsibility, peer collaboration, 

quality of professional development, and school commitment. The average total score 

was determined for the subcategories for rigorous instruction and collaborative teachers. 

The average for 6th grade, 7th grade, and 8th-grade mathematics scores was computed 

to determine the total Mathematics score. The total mathematics score was decided 

because the survey was a combined score of all middle school students (grades 6-8). 
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A stepwise multiple linear regression analysis was chosen to predict middle 

school students’ mathematics scores based on their total scores on rigorous instruction 

and collaborative teachers. The rationale for using multiple regression was that there 

was only one continuous outcome dependent variable and three continuous predictor 

independent variables. 

The hypotheses chosen were: 

• Ho: Practice of PBL, teachers’ perception of Rigorous Instruction and teachers’ 

perception of Collaborative Teachers will not have significant predictive 

relationship with student Math achievement scores. 

• H1: Practice of PBL, teachers’ perception of Rigorous Instruction and teachers’ 

perception of Collaborative Teachers will have significant predictive relationship 

with student Math achievement scores. 

The alpha level of .05 was chosen to test for significance. 

Before running the multiple regression analysis, the six assumption tests were 

conducted. The relationship between the independent and dependent variables was 

linear, as was demonstrated with scatterplots. There was no multicollinearity in the 

data except for Collaborative Teachers with the variable (Rigorous Instruction), r = 

.783, p <.001. However, when viewing the Collinearity statistics in the SPSS output, 

the VIF scores were well below 10 (Collaborative Teachers = 2.583 and Rigorous 

Instruction = 2.583). The tolerance scores were above 0.2 (Collaborative Teachers = 

.387 and Rigorous   Instruction = .387). Therefore, the multicollinearity assumption was 

met. The values of the residuals were independent, as were noted by the Durbin-

Watson statistic, which was close to 2 (Durbin-Watson = 2.689). The variance of the 
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residuals was constant, which was identified by the plot showing no signs of funneling, 

which suggests the assumption of homoscedasticity has been met. The values of the 

residuals were normally distributed, which was evidenced by the P-P plot. Finally, no 

influential cases of biasing or outliers were evident in the data, verified by calculating 

Cook’s Distance values, all under 1.00. 

The stepwise multiple regression analysis was run using SPSS. The three 

predictors included in the analysis are PBL, Rigorous Instruction, and Collaborative 

Teachers. The dependent variable is the Total Mathematics State Score. The 

correlations of the independent variables (rigorous instruction and collaborative 

teachers) were not significantly correlated with the dependent variable, Mathematics 

State Score. Only PBL explained 41.2% of math scores. A significant regression 

equation was found F (1, 14) = 11.505, p < .05, and accounted for approximately 41.2% 

of the variance of Mathematics Score (R2   = .451, adjusted R2   = .412).  The model is 

significantly fit with the data at p<.05. By changing from non-PBL to PBL, the 

mathematics scores increased by 71.757. 

Table 4.6 
 
Model Summary 
 
R R Square Adjusted R Square F Change df1 df2 Sig. F Change 

.672 .451 .412 11.505 1 14 .004 
 

a. Predictors: (Constant), Practice of PBL 
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b. Dependent Variable: Mathematics Total 

 
 
 
  

Table 4.7 
 
Coefficients 
 
Model 

 
 
 

B 

 
 
 

Std. Error 

 
 
 

Beta 

 
 
 

t 

 
 
 

Sig. 

1 (Constant) 141.725 32.171  4.405 <.001 
Practice of PBL 71.757 21.156 .672 3.392 .004 
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CHAPTER 5 
 

Discussion 

The previous chapter showed findings from the quantitative data of the 

research study. This last chapter presents the implications of findings, relationship to 

prior research, limitations of the study, and recommendations for future research. The 

purpose of the study was to understand if the Problem-based Learning (PBL) 

instructional approach effectively improved urban middle school students' 

performance on the New York State Mathematics Assessment. 

The research also aimed to understand if there was a difference in students' and 

teachers' perceptions of their school environment as they participated in the PBL and 

traditional instructional methods. Lastly, the researchers hoped to determine if the 

practice of PBL, perception of rigorous instruction, and perception of collaborative 

teachers predicted students' achievement in Math State Test scores. This research study 

wanted to uncover whether the PBL instructional approach could support learners to 

become successful in the mathematics classroom by comparing public middle schools 

from districts 28 and 30 in New York City. This study also addressed the need for 

evidence-based practices in PBL in boosting the math proficiency of learners in the 

United States to those of global competitors. 

 
Implications of Findings 

 
Research question one was trying to determine if there's a difference in 

students' scores on the 2018-19 mathematics NYS state assessment between schools 

that implemented PBL versus schools that did not. The scores revealed a statistically 

significant difference in the mathematical scores for schools in the PBL and traditional 
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groups. The schools in the PBL group had greater significant growth than the schools 

that implemented the conventional approach. 

NYC DOE Survey provides information on what teachers, parents, and students 

within the community think in regards to the learning environment of the school. The 

second research question wanted to determine if there is a difference in students’ and 

teachers’ attitudes in schools that supported PBL versus schools that did not. The 

scores from the NYC DOE Survey from the 2018-19 school year revealed a 

statistically significant difference in the perception scores for schools in the PBL and 

traditional groups. Students’ and teachers’ perceptions of collaborative teachers and 

rigorous instruction for the schools implementing the PBL instructional approach 

showed a greater significant difference than those implementing the conventional 

strategy. PBL schools’ teachers and students responded that they received more 

rigorous instruction and collaboration than the non-PBL schools. In the rigorous 

category, students and teachers in the PBL schools responded with a greater academic 

press, course clarity, and common core shifts in mathematics than in non-PBL schools. 

In the collaborative teachers’ category, PBL schools responded that there was greater 

cultural awareness & inclusive classroom instruction, collective responsibility, peer 

collaboration, quality of professional development, and school commitment compared 

to non-PBL schools. 

The results for research questions one and two showed that PBL schools 

performed better on the NYS Mathematics state assessment for grades 6-8 and had more 

positive attitudes in rigorous instruction and collaborative teachers compared to schools 

that used conventional learning. The results could be due to the PBL program promoting 
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and sustaining the PBL Implementation Plan to establish the knowledge and methods 

that support PBL across the school. This implementation plan includes the 8 Essential 

Elements to define quality project design. The school also provides opportunities for 

staff to demonstrate the 4 C’s; communication, collaboration, critical thinking, creativity 

& innovation. The results can also be because PBL schools gave more rigorous 

instruction and incorporated more collaboration, making their PBL instructional program 

more effective. 

PBL School Rubric- Buck Institute for Education (2013) 
 

According to the PBL School Rubric by Buck Institute for Education (2013), 

the leadership committee in PBL schools had developed a plan to articulate the vision 

and goals of PBL in all of the targeted content areas and work together with all 

members of the community in supporting student learning. The schools that 

implemented the practices and culture of a PBL instructional program had educators 

utilize the 8 Essential Elements to define quality projects in their classrooms. These 

eight essential elements shown in the Project Design Rubric are key knowledge, 

understanding, success skills, challenging problem or question, sustained inquiry, 

authenticity, student voice & choice, reflection, critique & revision, and public 

product. The PBL schools also provided consistent opportunities for educators to 

implement the 4Cs, which are Communication, Collaboration, Critical Thinking, 

Creativity & Innovation inside and outside the classroom to develop professional 

learning communities for successful implementation of the PBL instructional approach 

in all of the classrooms (Buck Institute for Education, 2019). 

When comparing schools that implement PBL versus those that did not, the 
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rubric served as a guide to explain the possible reasons for the differences among 

student performance on the Mathematics State Assessment scores and the teachers’ and 

students’ perceptions of the school community. 

Essential Elements in PBL Instructional Program 

Challenging Problem or Question 

This research study confirms with prior research that PBL effectively improves 

learner content knowledge and a wide range of skills valued in secondary education, 

therefore, positively impacting their academic performance on assessments. 

Cunningham (2004) explains that problem-based learning enhances student 

responsibility as they construct their knowledge. It also follows a constructivist 

perspective in learning as the facilitator's purpose is to guide and stimulate the learning 

process. 

Schools that implemented PBL had given students an appropriate challenge to 

solve meaningful, open-ended problems to engage in classroom learning. Schools that 

did not participate in PBL or lacked effective PBL implemented several small tasks 

instead of focusing on a central problem. Those tasks could all have a single or simple 

answer and not engage with the students nor connect to their previous experience and 

understanding (Project Design Rubric, 2019). A closed problem is straightforward and 

easier to develop because the facilitator knows the correct answer, making it easier to 

foretell what content to use and what resources learners will require. Therefore, an 

open-ended problem is essential as it has multiple correct solutions, allows learners to 

address the question from various angles, and challenges them to investigate before 

answering. It also "provides students with greater flexibility in developing solution 
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strategies, and it better mimics the type of problems students will encounter outside 

the classroom" (Steck et al., 2012). 

The PBL instructional method implemented in this research study aligns with the 

classroom learning goals. It contains specific standards to develop twenty-first-century 

critical thinking, problem-solving, collaboration, and self-management skills. Previous 

research indicates that PBL instructional approach can increase student curiosity in the 

topic, promote flexible thinking, develop students' dispositions and inquiry skills (Silver, 

1994). The problem is also understandable and inspiring to the learners. PBL prepares 

learners to relate mathematical concepts to real-life situations and supports learners to 

understand concepts, skills, modes of thinking, and means of expressing themselves 

(Joyce, Weil, & Calhoun, 2009). 

Sustained Inquiry 
 

The problem-based learning instructional approach encourages self-directed, 

collaborative, and lifelong learning through inquiry. Inquiry-based instruction is when 

education uses active learning strategies within the classroom context to get a "deeper 

interaction with the important features, concepts, and goals embedded within the ill-

structured problem" (Tawfk et al. 2020, p.654). According to the Buck Institute for 

Education (2019), a sustained inquiry is when learners participate in a "rigorous, 

extended process of asking questions, finding resources, and applying information."   

Based on the constructivist learning theory, knowledge is not passively 

received but actively built upon prior knowledge and experiences. According to 

Dewey, the origin of thinking is some “perplexity, confusion, or doubt” triggered by 

“something specific which occasions and evokes it” (Dewey, 1933, p.12). Learners 
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make sense of this “perplexity, confusion, or doubt” by stimulating their prior 

knowledge and working collaboratively with their peers to find resources and 

understand the phenomenon. Throughout the inquiry process in PBL, learners can 

make connections among mathematical ideas and then assemble and reassemble their 

knowledge based on earlier ones (Moses, Bjork, & Goldenberg, 1990). 

Previous literature and this research study provide sufficient evidence that 

confirms the advantage of PBL over traditional methods of instruction as inquiry is 

sustained over time and is academically rigorous. According to the Project Design 

Rubric provided by the Buck Institute for Education (2019), schools that used features 

of effective PBL gave students opportunities to build their knowledge and skills by 

posing questions, collecting and describing data, generating and assessing answers, 

and asking additional questions. Asking questions is essential for the "knowledge 

construction process" (Tawfk et al. 2020, p.654). Learners engaged in problem- 

solving use inquiry processes to generate questions to seal knowledge gaps and gain 

new knowledge to achieve their goals. Posing questions allow students to connect 

their current understanding of a subject, compare with other ideas, and become 

informed of what they do or do not know. The Project Design Rubric (2019) explains 

that schools that did not participate in PBL or lacked effective PBL could have 

provided students with a simple "hands-on" task or activity to complete. They did not 

implement an academically rigorous extended inquiry process to allow learners to ask 

more profound questions or give opportunities to formulate questions through guided 

research. 

Authenticity 
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According to Lunce (2006), "like other instructional methodologies, traditional 

classroom instruction has its strengths and limitations . . . and, for the most part, the 

content presented in the classroom is disconnected from its real-world context" (p. 37). 

Schools in the research study that lacked effective PBL resembled traditional 

schoolwork, did not include real-world context, nor connect to the learners' personal 

lives and interests. Previous research explains that learning that does not constitute 

authentic contexts with real-world tasks, tools, and quality standards, knowledge, and 

skills becomes more abstract and less meaningful to students' concerns, interests, or 

identities (Glazer et al., 2005). This type of learning can negate student interest in the 

classroom and negatively impact their performance. 

The purposes of PBL are to provide "guided experiences in learning through 

complex, real-world problems" (Hmelo-Silver, 2004, p. 239) to engage learning and 

provide students with the opportunities to apply their knowledge and skills to real-

world situations (Hmelo-Silver, 2004). In the study, schools involved in PBL were 

provided with authentic projects that included real-world tasks that spoke personally to 

students' lives and interests (Project Design Rubric, 2019). This research reinforced the 

significance of providing real-world context meaningful to the students' personal lives, 

which is beneficial to the academic growth in becoming self-directed learners and 

problem solvers. Solving real world problems can improve pupils’ critical thinking 

skills and better equip them for the workplace outside the classroom. In PBL, the 

facilitator's role is to support students using effective techniques to practice real-world 

problem-solving to develop a more comprehensive understanding of the curriculum, 

reflect on their experience, and build on pre-existing conceptions (Khalid & Azeem, 
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2012). The real-world application allows students to think outside the box and pose 

alternative or various answers exceeding the textbook response (Barrows & Wee, 

2010). 

Student Voice & Choice 
 

Student voice and choice are essential in student academic growth in the 

classroom because it allows students to take personal responsibility for their 

knowledge and skills and work independently with appropriate guidance from the 

teacher and their peers. Schools participating in the PBL instructional program gave 

learners great chances to express their voice and make choices as they conducted their 

PBL projects. Specifically, students created questions, topics to investigate, texts and 

resources to use, and organized their tasks. Student voice and choice allow learners to 

share their ideas and understandings, ask questions, set goals, and lead discussions 

with their peers and teachers to monitor their learning and make connections to new 

knowledge. The “engaged voice must never be fixed and absolute but always 

changing, always evolving in dialogue with a world beyond itself” so that students can 

express their opinions, ideas, and perspective to connect their lived experiences to 

content knowledge (Hooks, 1994, p. 34). Students in schools participating in the 

traditional approach did not allow students to express their voice and make choices in 

the classroom, and the lessons were more teacher-directed (Project Design Rubric, 

2019). 

  John Dewey (1897, 1938) emphasized learners' engagement and student input, 

giving students a voice-over one hundred years ago in developing school learning and 

promoting active democratic citizens. Giving students a choice in their academic 
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education can help them develop decision-making skills and a deeper connection to 

their interests in the classroom. Learner-driven choices empower students to become 

self-directed learners and explore content that is meaningful to them. The problem-

based learning instructional approach can "provide voice and choice for students in 

how and what they want to learn and foster inquiry and student ownership of the 

learning process" (Miller, 2018). This approach can enhance intrinsic motivation in a 

PBL classroom as pupils take ownership of the inquiry process to design their projects 

that show off their learning. Giving learners the right to become active participants in 

their education is a vital part of a student-centered approach. 

Reflection 
 
Reflection is a cognitive manner on how students acknowledge what has happened 

during the learning process (Ngeow & Kong, 2001). Ngeow and Kong state that there 

are two kinds of reflection activities that include content knowledge. The pupil 

considers what they need to know about a specific task and the overall learning 

process, such as whether or not they understand the plan's goals. According to the PBL 

Project Design Rubric, schools participating in the PBL program provided students 

and teachers with opportunities to engage in “thoughtful, comprehensive reflection 

both during the project and after its culmination, about what and how students learn 

and the project’s design and management” (Buck Institute for Education, 2019). 

Schools not participating in the program did not have students and teachers “engage in 

reflection about what and how students learn or about the project’s design and 

management” (Buck Institute for Education, 2019). 

Students who participate in reflective thinking can examine and interpret 
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experiences to learn what they could have done to improve their learning and gain a new 

understanding. Reflection is the fundamental part of experiential learning as it can 

encourage students to understand their individual goals, develop higher-level thinking 

skills, and internalize their knowledge. It also allows teachers to know how students 

think as derived from their experience in the PBL classroom. Learners enhance their 

metacognitive awareness as they articulate their thoughts to make connections of new 

learning to prior knowledge and develop critical thinking skills, such as problem-solving 

(Davidson and Sternberg, 1998). Reflection enhances student understanding as they 

make connections of personal meaning to the concept that is to be learned by conversing 

in dialogue and asking questions and can improve their performance in the classroom 

and school assessments (Leung & Kember, 2003 and Levin, 2001). When students 

reflect on their work, they develop a personal connection to their work and gain a deeper 

understanding that can improve their overall performance in the classroom and on 

assessment. 

Critique and Revision 
 
Students can use critique and revision throughout the PBL process to improve and 

modify their thinking and make necessary changes to their final project. According to 

the PBL Project Design Rubric, schools participating in the PBL program provided 

students with many opportunities to receive feedback from their peers and teachers to 

revise and improve their projects. Schools not participating in the PBL program could 

receive limited input from their teachers but not their peers. Students in the traditional 

classroom were not required to take the advice to revise their work (Buck Institute for 

Education, 2019). 
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Students should have multiple opportunities to give and receive feedback to 

support their goals and needs to practice, reflect, and analyze their final product 

throughout the PBL process. In PBL, students learn how to actively participate in the 

classroom and develop speaking and listening skills. They know how to ask questions, 

work collaboratively with their team members, critique, and receive feedback to 

improve their projects. 

Public Product 
 

According to the PBL Project Design Rubric, student work is done into a 

public product as students are provided with opportunities to offer their creations to 

others outside the classroom. These students present what they have learned and the 

inquiry process to show what they have found. Schools not participating in PBL “do 

not make their work public by presenting it to an audience or offering it to people 

beyond the classroom” (Buck Institute for Education, 2019).  

According to McGrath (2004), PBL is a social process in which the learning 

environment relies heavily on the development of collaboration. Presentation of work 

to outside experts can provide students with additional feedback to improve their 

project design and take it outside the classroom. Students are given further 

opportunities to apply critical thinking as they are asked questions and envision what 

they will say and answer them. Learners in the PBL classroom exhibit higher 

motivation to focus on authentic performance and collaboration with their peers, 

teachers, and experts outside the school. Increased motivation can then lead students to 

gain a deeper understanding of the content and perform better in the classroom. They 

improve their 21st-century skills in collaboration, creativity, teamwork, problem-
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solving, and decision-making (Blumenfeld et al., 1991). 

4 Cs: Communication, Collaboration, Critical Thinking, Creativity & Innovation 
 

According to the PBL School Rubric (2013) generated by the Buck Institute, 

schools that did not implement the PBL instructional approach or were in the beginning 

stage; provided little to no opportunities for staff to develop communication, 

collaboration, critical thinking, creativity & innovation. Schools that implemented PBL 

offered consistent opportunities for staff to communicate, collaborate, think critically, 

and be creative & innovative. These four components incorporated in PBL schools are 

essential in positively influencing teachers' and students' perceptions of the school 

community in rigorous instruction and collaborative teachers. 

Communication 

A professional learning community is developed among educators with shared 

trust and balanced participation during meetings. Professional learning communities in 

which all members listen actively and communicate will support advances in teaching 

practice and thus enhance students' learning outcomes. In the PBL schools, teachers 

agreed-upon norms to build trust to set a positive environment in which they can openly 

give and receive feedback. Open-communication in which all educators' opinions are 

valued creates a robust background in which educators can learn from one another to 

share their knowledge and expertise. Communication and balanced participation can 

positively influence teacher growth and support student learning.  

Collaboration 

 In the PBL school, all teachers regularly work together in collaborative teams 

to participate in the learning process to develop the knowledge and skills to address 
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students' learning challenges. Teachers will become active participants in the 

collaborative, intellectually stimulating environment and better understand how to 

implement these techniques to enhance learning. Collaboration in teacher teams will 

allow educators to address fundamental misconceptions, be engaged in the learning 

process, and incorporate this PBL instructional method in the classroom by providing 

opportunities for students to work together, collaborate, and have discussions. 

Critical Thinking  

Educators work together to analyze complex problems related to the PBL 

implementation and best support student learning in the classroom. They also utilize 

reasoning to identify the best solution and systems thinking to see how the entire school 

community will be impacted. 

Creativity & Innovation 

School leaders have established the culture and practices that support PBL in the 

school community allowing staff to innovate and encourage innovation. 

Findings Concerning the Practice of PBL on Students' Achievement 
 

The analysis of research question 2 showed that PBL school teachers and 

students perceived that they do more rigorous instruction and collaborate more in the 

PBL schools. However, this question did not explain why PBL schools were doing 

better in Math. Was it because of rigorous instruction, collaborative teachers, or PBL 

instruction? Multiple regressions were run to determine if PBL, teachers and students' 

perception of rigorous instruction, and perception of collaborative teachers predicted 

students' achievement in Math State Test Scores. The results of the multiple regression 

showed that from the three predictors, only PBL was a significant predictor in student 
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achievement on math state test scores. 

PBL has other critical elements and rigorous instruction and collaborative 

teaching that help it predict student achievement. The practice of PBL consists of 

authenticity, student voice & choice, reflection, critique & revision, and public product. 

Schools that implemented PBL practice used an authentic context that included real-

world tasks and quality standards. Students were given ample opportunities to express 

their voice and make choices throughout the investigation, making the learning more 

personal and encouraging them to take ownership of their education. Students were 

given many opportunities to reflect on their work to evaluate their work and determine 

what they needed to improve. Through reflection, students were able to critique and 

revise their projects and make further improvements. Lastly, students were able to 

present their work to outside experts and make their work public. Interacting with 

outside experts allowed students to receive additional feedback and take their projects 

outside the classroom. Students were also able to share their findings and the inquiry 

process to solve a real-world problem. 

Relationship to Prior Research 
 

There is a notable amount of research on problem-based learning (PBL) in 

medical education and gifted education. However, there is little research on this 

instructional approach in secondary mathematics education. Prior research confirms 

that middle school students in the United States have difficulty competing in 

mathematics on international exams (Ahuja, 2006 & Dawson, 2005). The Principles 

and Standards for School Mathematics suggest that educators "build new 

mathematical knowledge through problem solving" (National Council of Teachers of 
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Mathematics, 2000). This approach provides ample chances for learners to solve 

quality problems that stimulate their thinking. 

Bell (2010) emphasized that the active learning process of PBL includes student 

choice to boost their confidence and empower them to discover who they are as 

learners. Students in the PBL classroom use various learning styles; to build upon their 

prior knowledge, find authentic sources of information during research, develop 

reflective thinking skills, and find an innovative way to solve real-world problems. To 

support such learning in the classroom, facilitators need to understand the problem-

solving process and present students with guided instruction and various problem-

solving activities (Kroll & Miller, 1993). 

There are common themes identified from prior research. The first common 

theme is the rationale behind their research: to prepare students for 21st-century skills to 

prepare them for college and career readiness. The second shared similarity is that the 

researcher utilizes constructivist perspectives to teach classroom strategies and practices. 

The third similarity is how the classroom is set up where students work collaboratively to 

solve an ill-structured problem. 

The fourth common theme is the role of the teachers and students in the school. 

Specifically, the  learners explore ideas, formulate their thoughts, use prior knowledge 

to build on new experiences, and actively participate in classroom discussions and 

teamwork activities. The teacher takes the facilitator's role and guides students to learn 

for themselves through self- exploration and dialogue. The fifth common theme is 

professional development’s effectiveness in supporting teachers to implement a 

problem-based learning curriculum. 
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Previous literature and this research study provide sufficient evidence that 

confirms the advantage of PBL over traditional methods of instruction. Previous 

research studies were primarily done in a classroom setting or a specific school and 

looked at individual students. This   research study compares schools across two districts 

in NYC. Previous research conducted did include the effect of PBL on mathematics 

achievement and student and teacher attitudes about the school community. However, 

there is no research on the impact of PBL on students' and teachers' attitudes, 

specifically in the areas of rigorous instruction and collaborative teaching. In addition, 

the study was also unique in that it was trying to determine if rigorous instruction and 

collaborative teaching alone can predict student achievement. However, the study results 

helped to show that these two categories cannot independently predict student 

achievement. Still, other essential components unique to PBL practice can improve 

student performance on mathematics  performance on state assessments. 

This research study shows the effectiveness of the PBL program in improving 

student performance in grades 6-8 on the NYS Mathematics State Assessment. It also 

shows how students’ and teachers' attitudes in the PBL schools were more positive in 

collaborative teachers and rigorous instruction. Research findings indicate that 

collaborative teachers and rigorous instruction do not predict higher student scores on 

math state tests in the PBL schools but rather the PBL program itself. The schools that 

implemented the practices and culture of a PBL instructional program had educators 

utilize the 8 Essential Elements to define quality projects in their classrooms. These 

eight essential elements shown in the Project Design Rubric are key knowledge, 

understanding, success skills, challenging problem or question, sustained inquiry, 
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authenticity, student voice & choice, reflection, critique & revision, and public 

product. The PBL schools also provided consistent opportunities for educators to 

implement the 4Cs, which are communication, collaboration, critical thinking, 

creativity & innovation, to develop professional learning communities to successfully 

implement the PBL instructional approach in all classrooms (Buck Institute for 

Education, 2019). 

Limitations of the Study 
 

A possible limitation was the sample size. A total of 27 schools were 

analyzed in this study, with 16 schools that did not receive PBL and 11 schools that 

did receive PBL. A Mann- Whitney U test was used instead of an independent 

sample t-test to analyze the data due to the low sample size. Another limitation is 

that there is only a low amount of research studies on this instructional approach in 

secondary mathematics education. Although PBL began in the late 1960s in medical 

school education, it is still a comparatively new instructional program in secondary 

school education. 

Another limitation is that the research design relied on interpreting information 

from teachers' and students' interpretation of their experiences in the school 

community. Teachers were asked to complete a survey about themselves regarding 

their strategies and techniques used in their classrooms and how they experienced 

success. This can inflate their responses on the survey, and the reactions do not 

correctly reveal a participants' accurate level of a given survey item. 

Lastly, the research was gathered from only districts 28 and 30 from New 

York City. Both districts are located in Queens and are part of urban districts at 
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one point in time, and findings may not generalize to other populations. 

Recommendations for Future Practice 
 
As a result of the findings of this study, the following recommendations are presented: 
 

1. Future research should include other schools from different districts in NYC. 

The research study included 27 schools across two districts in NYC. 

Increasing sample size can create accurate mean values and identify outliers 

that could skew the data in a smaller sample. Larger sample size can reduce 

the margin of error and reduce the chances of the results simply by chance. 

2. This research study confirms that the PBL program predicts student 

achievement in middle school mathematics. Future research should look at if 

the PBL program predicts student achievement in other disciplines. Looking 

at different fields can help develop a broader scope of the PBL methods, 

strategies, and techniques in preparing students with the knowledge and 

skills to succeed across all content areas and implementing this pedagogy in 

the classrooms. 

3. PBL effectiveness should also be analyzed in NYC elementary and high 

school schools to see if this dynamic classroom approach can improve 

student performance on state exams and help them develop 21st-century 

skills to be better equipped for college and career. Looking at other grades 

will provide a greater deeper understanding and range of the spectrum of 

using PBL in K-12 education. 

4. The recommendation for future research is to develop further studies on the 

methods, strategies, and techniques implemented by PBL middle school 
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administrators and teachers to effectively meet the learning needs of middle 

school students in mathematics. Research can analyze the collaborative 

settings of teacher teams to describe the routines followed in planning and 

implementing rigorous PBL instruction in their classrooms. Analysis of 

professional learning communities that implement PBL can help develop 

professional development learning opportunities for other educators and 

administrators trying to implement the PBL program into their schools 

effectively. 

5. English language learners are a growing part of the school-age population in 

the United States, representing a remarkable group of linguistically and 

culturally diverse backgrounds. Teachers should be provided with 

professional development to support English language learners in establishing 

culturally responsive and inclusive PBL projects and reducing the ELL 

community’s achievement gap. Future research recommends developing 

further studies on how culturally responsive PBL can improve student 

performance on state assessments for ELL students. 

6. Future research can compare the PBL instructional approach to a different 

methodology to explore if the PBL program improves student knowledge and 

skills in the mathematics classroom. 

 
Recommendations for Future Research 

 
The problem-based learning instructional approach challenges students to 

explore real- world problems and develop a more profound knowledge and 

understanding of their learning content. It is also essential to help students develop 
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21st-century skills to become college and career-ready and compete in the global 

market. 

Although PBL is well developed in medical education, it is still relatively new 

in k-12 education. Many teachers might struggle with implementing this instructional 

program into their classrooms. Teachers can feel challenged in incorporating projects as 

it takes time to plan and execute. They are still required to meet state accountability 

requirements in completing the required curriculum in the course over the year. 

Recommendations for future practice include having ongoing collaboration 

between educators, administrators, and policy-makers to effectively develop a PBL 

curriculum that aligns to state standards in k-12 education. Also, to provide students 

with ample opportunities to build twenty-first-century skills and determine how to 

assess if students have developed these skills. Future practice should look at how to 

embed this program within the school curriculum, so it does not feel like an additional 

task for teachers to complete. There should also be proper guidance, professional 

development, and collaborative teacher meetings within the school community to give 

educators time within their schedule to work collaboratively with other educators to 

design and implement effective PBL in the classroom. 

Future practice should also determine how to develop professional learning 

communities in the school and develop norms and practices for teachers to actively 

share and receive feedback from their colleagues. Stakeholders in the school 

community can work alongside policymakers to create professional development 

courses for educators and administrators to incorporate a culturally responsive PBL 

relevant to all students' lives to increase engagement and student retention in the 
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classroom. Professional development courses could also be transitioning from a 

traditional role to a facilitator in the school and learning how to exercise 21st century 

skills as students participate in the project-based learning experience. 
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