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Chapter One: Introduction 

As the world becomes more and more technology-driven, it i s  becoming 

imperative that individuals are prepared to compete is this marketplace .  For 

individuals to obtain successful careers in the current and future economy, they must 

be skil led in mathematics .  Mathematics is taught throughout the education of 

children, but many times, students experience difficulty with the content, which may 

cause them to lose interest and become avoidant of learning math. These factors can 

create a deficit in mathematics ability, which may in tum result in future struggles 

whether in college or in the workforce. 

Problem Statement 

Adolescent students in mathematics classroom often feel unmotivated for a 

variety of reasons.  One of these reasons could be the mundane, repetitive nature of 

the current teacher-centered instructional style prevalent in high school math 

classrooms. Project-based learning, an instructional method based on authentic 

problems and group collaboration, may be a solution for the ordinary, everyday 

traditional teaching methods that so many students are accustomed to. Problem-based 

learning may be the means to engage students, who may have otherwise become 

disengaged from the clas sroom learning environment. 
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Significance ofthe Problem 

As students go through the education system, teachers and administrators need 

to be concerned with students that appear to be unmotivated and have below grade 

level abilities. It is essential that all students graduate ,  and if students lack motivation, 

this goal may not be met .  According to Banda, Matuszny, and Therrien (2009), 

'"Increasing students ' motivation is a complex and ongoing process, especially for 

students . .. who have often experienced extensive failure with math in the past" 

(p.l46). School  professionals are constantly investigating methods to improve 

student motivation and help students to be successful in school . There has been much 

research conducted to investigate students '  motivational beliefs ,  but there has been 

little research done to investigate the affect of proj ect-based learning on student 

motivation. 

Purpose 

The purpose of this research is to determine how teaching practices can affect 

students' motivation and perceptions towards mathematics .  Initial, closed-response 

evaluations wiil be used to get a baseline of students' motivational beiiefs and 

perceptions .  The evaluations wil l  specifically address the following factors: 

individual attitudes and beliefs, projected future plans, c lassroom environment and 

teaching methods, and perceived teacher support. The researcher will incorporate a 

project-based learning sequence into the current curriculum. Upon completion of the 

project, students will be re-evaluated by means of closed-response and open-ended 

2 



surveys on motivational levels. This information will help determine if teaching 

methods have any effect on students ' motivation to learn mathematics  as well as 

whether or not teaching methods change students ' attitudes and beliefs about 

mathematics .  

Rationale 

High school mathematics teachers spend a lot of time working with students 

who have varying beliefs about the relevance and importance of mathematics.  

Because some students have had negative past experiences in math, some students are 

already lacking in content knowledge. This causes these students to have an even 

harder time catching up and learning the new material . These students will 

oftentimes become overwhelmed and "shut down," which makes teaching and 

learning a constant struggle. The goal of  the research is to determine what effect 

project-based learning has on motivational aspects of students. The results from this 

study can better inform educators on effectively reaching all students through varied 

instruction. 

Definition o_fTerms 

Proj ect-based learning is an innovative teaching method that involves students 

""'"''·'_...,_...., �, ...... ..... authentic projects by working in small ,  collaborative groups .  Project­

based learning (PBL) is a student-driven, teacher-facilitated instructional method 

where students can investigate questions that pique their own curiosities, while sti ll 

achieving academic goals .  PBL can be interdisciplinary or involve only one content 
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domain. PBL has the potential to engage students' and allow them to work on 

contextualized problems, •'which can support them in making connections between 

what they learn in school and their experiences outside of school" (Jurow, 2005). 

The other component of the current study is motivational beliefs .  Student 

motivation can be divided into two components: intrinsic motivation and extrinsic 

motivation. Intrinsic motivation comes from within the individual and can be further 

divided into subcategories  such as the need to achieve mindset or the fear of failure 

way of thinking. Extrinsic motivation is fueled from outside sources, such as grades 

in schools, salary increase s  in the workplace, and other types of rewards .  Many 

various factors can affect student motivation in the classroom. Students can be 

influenced by their own beliefs,  by their cultures, by their clas sroom instruction, and 

by their teachers. 

Research Questions 

• What are students ' current levels of motivation and attitudes towards 

mathematics? 

• To what extent does instructional style affect students '  motivation? 

• Does the incorporation of project-based instruction, group activities, and 

hands-on experiences  positively affect students ' motivation? 

Summary 

Motivation can be one of the key factors in students '  academic success. In 

order for students to achieve high levels of learning, students need to maintain high 
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levels of motivation. Teachers need to be aware of differing levels of motivation and 

be prepared to reach all students. One way of reaching out to all students i s  by using 

varied methods of instruction, including project-based learning. Project-based 

learning may have positive impacts of student motivation. The researcher in the 

current study i s  hoping to discover relationships between proj ect-based learning and 

the etiect of students '  motivation to achieve in mathematics .  
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Chapter Two: Literature Review 

Project-Based Learning 

According to Bell (20 1 0), "PBL [Proj ect-Based Learning] i s  a key strategy for 

creating independent thinkers and learners . Children solve real-world problems by 

designing their own inquiries, planning their learning, organizing thei r  research, and 

implementing a multitude of learning strategies." Project-based learning is an up­

and-coming instructional strategy that can be incorporated into tnany different content 

areas and instructional units. '"The NCTM claims, 'Inquiry not only tests what 

students know, it presses students to put what they know to the test. It uses "hands 

on" approaches to learning, in which students participate in activities ,  exercises, and 

real-life situations to both learn and apply lesson content. It teaches students not only 

what to learn but how to learn' (Wilhelm, Sherrod, & Walters, 2008). There is a large 

research base regarding project-based learning and the effect on student learning, as 

well as its effect on student motivation. 

According to Larmer and Mergendoller (20 1 0), there are seven essential 

components of project-based learning. Successful proj ect-based learning first must 

spark the interest of the students and then incorporate driving questions to keep 

students '  interest. Allowing students to have their own voice and make their own 

decisions about the project foster individual learning and encourage inquiry so 

students can form their own driving questions. While working in groups ,  students 

learn and utilize valuable "2 1 st century skills" including group collaboration, 
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communication, and critical thinking.  The teacher' s  role of faci litator involves 

providing feedback and allowing students to make revisions through means of rubrics  

and group evaluations. The final element of successful PBL is  a �'Publicly Presented 

Product" (Larmer and Mergendoller, 20 1 0). This final element gives students the 

opportunity to take pride in their work and provides them with presentation skills that 

they wil l  certainly use useful in the future. 

Jurow (2005) quoted several researchers by saying "'Research has suggested 

that proj ect-based curricula have the potential to engage students' interests and 

provide them with opportunities to work on contextualized problems, which can 

support them in making connections between what they learn in school and their 

experiences outside of school (Boaler, 1 998 ;  Blumenfeld et al . ,  1 99 1 ; Brown, Col l ins, 

& Duguid, 1 989)". In Jurow' s study, the teacher-researcher introduced an 

architecture proj ect to students . Students were required to build a research station in 

Antarctica that would be used for 20 years of research. The students were required to 

include floor plans, insulation, cost analysis, etc . This qualitative analysis described 

the outcomes of the project by use of recorded observations of the students. The 

results from the study revealed varying degrees of engagement with the project but 

overall seemed to be a productive alternative to daily, teacher-led instruction. 

Wilhelm, Sherrod, and Walters conducted a study that incorporated an 

interdisciplinary proj ect for pre-service teachers . The project integrated science and 

mathematics by focusing on the moon' s  phases from an astronomic, geometric, and 
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trigonometric standpoint. Students kept j ournals about the lunar phases, met in 

groups to discuss their findings, and participated in scaffolding lessons that 

incorporating direct instruction. Throughout the instructional sequence, in additional 

to the scaffolding lessons to provide the students with needed information, there were 

milestones where the teacher gave feedback to the students . These components can 

help a proj ect-based instructional sequence to be successful .  The results of  this study 

supported the idea that project-based learning "allows students to engage in 

contextualized problem-solving, make connections across disciplines, develop 

reasoning skills ,  and accurately represent and communicate concepts." 

Ravitz (20 1 0) investigated the cultures of three different types of schools, 

based on differences in instructional practices .  The three categories of schools 

included traditional, comprehensive schools, small schools, and reform schools .  

Reform schools refer to schools that are in the process of changing instructional 

methods from traditional , teacher-centered instruction, to a curriculum that 

encourages engagement, interactive instruction, and real-world experiences. "A key 

feature of the reform models in this study is that they have embraced proj ect-based 

learning (PBL) as a central component of instruction in their models .  This approach 

uses •'projects" as vehicles to encourage student motivation and to provide a means 

for demonstrating and explaining what they have learned" (Ravitz, 20 1  0). 

The research was conducted by teachers completing surveys about their 

individual and group processes (teacher culture). Teachers also completed surveys  
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about their students' individual group processing (student culture). F inally, teachers 

completed self-reporting surveys about their classroom instruction (inquiry practices). 

According to the responses from the surveys, teachers in reform school s  had stronger 

teacher cultures and incorporated more PBL than teachers in other schools .  In 

addition, student culture was strongest in reform schools .  In reform models, teachers 

used PBL more than half of the time in more than 60% of the schools, compared with 

1 8% at small schools, and 6% in comprehensive schools. 

Cheng, Chan, and Lam (2008) investigated the effect of  grouping on self­

efficacy and collective efficacy during proj ect-based learning. This study was 

conducted in middle-school classrooms with four different types of grouping 

(student-chosen, teacher-chosen, random assignment, and teacher combination of 

student-chosen groups) . Surveys were given to students assessing their efficacy and 

group-processing and achievement was determined by students '  midterm exams. 

According to Cheng, Chan, and Lam (2008), in order for a group to perform 

successfully, the group must contain the following elements: positive 

interdependence, individual accountability, equal participation and social skil ls .  In 

their study, Cheng, Chan, and Lam were concerned with the impact of heterogeneous 

grouping during PBL by specifically looking at individual , self-efficacy and group, 

collective efficacy. They hypothesized that higher achievers would have higher self­

efficacy but lower collective efficacy, and lower achievers would have lower self­

efficacy but higher collective efficacy. In general, the data from their research 

supported these hypotheses. The researchers also hypothesized that the higher quality 
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of group processing, the better the efficacy from high and low achievers . This was 

supported by the data. 

Meyer, Spencer, and Turner ( 1 997) were specifically interested in motivation 

and students learning strategies (academic risk-taking, self-efficacy) during project­

based learning sequences .  The researchers wanted to determine the role between 

preference for challenge and self-efficacy, goals, and academic strategies. The 

partic ipants in thi s  study were low achieving math students . Students were paired 

into boy-girl pairs based on risk-taking abil ity for a project consisted on geometry 

lesson on aerodynamics and kite building. Data was collected through, surveys, 

observations, and interviews, before, during, and after the kite project. The initial 

survey revealed that eight students possessed chall enge-seeker behavior and six 

students possessed challenge-avoidant behavior. During the interviews, one of the 

challenge-seekers revealed that he thought that he l earned more from harder tasks 

because easy tasks are j ust breezed through. One of the risk-seekers revealed that she 

didn't  mind making mistakes because she learned from them. The data from this 

study revealed that all students had the desire to be successful but all possessed 

different motivational constructs .  

In a similar study, Ocak and Uluyol (20 1 0) investigated how a project-based 

learning environment can influence components of intrinsic motivation, specifically 

interest, academic efficacy and cognitive engagement. According to the results of  the 

study, Ocak and Uluyol found that PBL positively affected engagement and interest 
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in class. Students felt positive pressure to complete their assignments  and PBL 

increased communication between group members. 

Meyer, Spencer, and Turner ( 1 997) suggested teachers need to have built in 

safeguards for students; teachers should to emphasize that improvement i s  just as 

valuable as final product and allow opportunities to discuss mistakes with peers. 

Collaboration can help student to take on challenges as opposed to shy away from 

them. "'When projects are cognitively complex, they have the potential to help 

students learn because they must represent knowledge in a variety of ways, pose and 

solve real problems, and use knowledge to create artifacts . . .  Projects also have the 

potential to frustrate students and send them searching for alternative paths" (Meyer, 

Spencer, and Turner, 1 997). Teachers need to have ability to ask difficult questions 

in order to e licit strong, thoughtful responses from students. 

Another study conducted by Doppelt (2003) also investigated the effect of  

proj ect-based learning on  low achievers. This particular study was geared towards 

promoting low achievers through the means of a five day summer program using PBL 

to teach curriculum for a series of electricity courses. The study took place over a 

three year time frame . Data was collected through analysis of students ' portfolios ,  

observation of class activities, interviews with students, teachers, and school 

management, achievement on exams, and project evaluations. From the data, most 

students revealed that they enj oyed PBL and indicated that they would put more 

effort in school the upcoming year. All  students performed reasonable on the 
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matriculation exams at the end of the year. Results revealed that PBL increased 

student motivation and self-image. At the end of the three year intervention, 69°/o of 

the once "low-achieving students" were able to perform wel l  enough to be eligible for 

further education in Israe l .  

Panasan and Nuanchalerm (20 1 0)  performed a study to  examine the effects of  

inquiry-based learning and project-based learning on achievement.  For  the study, the 

researchers divided the participants into two groups of students (one group for IBL 

and one group for PBL). The participants took a pretest before the "new" teaching 

unit and then took a post-test after the teaching intervention. Each group took three 

types of achievement tests (achievement tests, analytic thinking test, and science 

process skil ls). Students from both groups performed about the same. The 

researchers concluded that both PBL and IBL are efficient and effective and have 

positive impacts on student learning in the science classroom. 

Motivation 

Motivation can be defined as the force that drives individuals to behave in a 

particular way. A variety of external influences, including cultural differences, 

family involvement, and classroom environment, can all impact students '  

motivational beliefs .  Individual beliefs and attitudes can also determine a person's 

motivation. There have been numerous past studies conducted to contribute to the 

current research base on factors that affect student motivation. 
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External Influences 

When children enter the traditional ,  public school system, they have l imited 

experiences with formal schooling. The attitudes and opinions that children may 

have about school exist from experiences and conversations with parents, s iblings, 

and other people, as wel l  as from those limited educational experiences.  However, as 

students progress through elementary school and enter into adolescence, they begin to 

formulate their own ideas about education. In high school, students encounter more 

challenging classes and experience more independence in terms of their own 

education. At this point, students are often developing their own goals, with varying 

degrees of influence from parents, peers, and teachers. Several of the maj or factors 

that affect students' motivation include cultural influences, parental influences, and 

school inf1uences. 

Cultural Influences 

Gender stereotypes exist in almost all cultures mainly because of traditional 

roles of the specific genders. These gender stereotypes often appear in the classroom. 

According to Skaalvik and Skaalvik (2004 ) ,  mathematics is viewed as a masculine 

domain, whereas the languages tend to be viewed as a more feminine domain. In the 

educational practice, this may be seen when male students describe themselves as 

more mathematical and have more motivation to achieve in mathematics . 

Conversely, female students may orient themselves closer to reading and language 

and tend to be more motivated in these domains. These stereotypes may limit 
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students '  motivation to participate in the "other" domains. "People are motivated to 

undertake activities that they feel capable of performing and tend to avoid activitie s  

that they are less confident that they will master" (Skaalvik, p. 242). Although this is 

a tendency of  human nature, i t  is important for teachers to help to break down gender 

stereotypes and cultural stereotypes and encourage all students to chall enge 

themselves into participating in classes outsides of their "comfort zone."  

Skaalvik and Skaalvik examined these gender stereotypes in a study in 

Norway. Skaalvik and Skaalvik found that their data was consistent with traditional 

roles. The male students had higher self-concept than female and females were more 

motivated to achieve in their language classes (Norwegian). A maj or finding that 

was discovered in this study was that male students had higher self-perceived abil ities 

and intrinsic motivation in math, and female students had higher self-perceived 

abilities and intrinsic motivation in language. 

Other differences that affect motivation include the cultural value of 

education. Tsao (2009) examined the differences between Taiwanese and American 

students '  perception of mathematics .  In Taiwan, personal advancement is very 

closely linked to academic achievement, which leads to a great value of education. In 

the United States ,  a differing value for education exists .  The educational system in 

the United States values experiences that wil l  make a child more creative and 

confident, with the expectation that self-confidence wil l  faci litate future learning 

(Tsao, p .  207). Tsao found that students in Taiwan were more motivated because 
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math is required or because of a fear of punishment. The American students in this 

study revealed that they are more influenced by positive motivation such as a desire 

to succeed. This study provides a few important aspects to consider when teaching 

students ,  including the idea that all students have different backgrounds and different 

educational values .  

Urdan, Solek, and Schoenfelder found that different cultures had different 

definitions of success. In their study, there were also differences  in achievement that 

appeared to follow cultural lines; the high and middle achievers tended to be from 

Asian or Asian American families,  and the lower achievers were more likely to be 

Latin American or 3 rd generation Americans. This difference could be the result of 

the cultural groups '  definition of success. 

Parent Influences 

Parent involvement in students ' educational activities can be defined by, but 

not limited to, involvement in school activities, participation in parent-teacher 

interactions, assistance with homework, and supporting the child' s academic 

development. Levpuscek and Zupancic (2009) investigated the effect of parental 

influence on the motivational beliefs of students . One maj or result of their study was 

that parental academic pressure negatively related to students motivational beliefs 

about mathematics and their math achievement. A similar study by Urdan,  Solek, and 

Schoenfelder revealed similar findings . These researchers found that family 

influence can take on many different forms and have varying degrees of strength. 
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Sources  of motivation can include parents, grandparents, siblings, and other family  

members. In  thi s  study, feelings towards families influence ranged from grateful to 

resentful, warm to hostile, and burdened by expectations and responsibilities .  

Teacher Influences 

According to Levpuscek and Zupancic , students ' ratings of teacher' s  

academic support had a positive impact o n  goal orientation and math achievement. A 

profound result that was discovered is :  

"Early adolescents who perceive their teachers as taking into account the 

students' basic psychological needs of relatedness and competence, and 

imposing positive demands on students' academic work, show more positive 

motivational beliefs and achieve higher grades in math. The students 

assessing their math teacher as responsive, helpful, and recognizant ofgood 

work tend to perform better in math then their classmates who rated the 

teacher to be less supportive." (p. 562). 

In sum, math teachers' classroom behaviors can have great impacts on students ' 

motivation, which indirectly contributes to students' achievement. It is imperative 

that teachers reflect on their classroom behaviors and methods to foster an 

environment that wil l  help all students to succeed. 

Another impact that can affect student motivation i s  the type of classroom 

instruction. In one study performed by Cotic and Zuljan (2009), problem-based 

mathematics instruction and traditional instructions were compared to see if there was 

any effect on students' academic motivation and achievement. The data obtained 
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from this study revealed that both groups experienced positive motivation, despite the 

difference in teaching style . 

Middleton and Midgley ( 2002) looked beyond the obvious factor of 

motivation, into further aspects o f  self-efficacy, attitudes, and perceptions of 

classroom environments. Prior research has been conducted on the effects of 

classroom practices, such as incorporating challenging work and prompt feedback to 

students, but what may be more meaningful is student perception of the classroom 

practices. One interesting result from the data obtained was the perception of a press 

for understanding. This seemed to be more beneficial for girls than for boys.  

Questioning at a deeper l evel, requesting explanations, and requesting thoughtful 

engagement are all positive teaching practices that can be implemented and can affect 

students' behaviors .  When conducting future studies, other researchers can consider 

these aforementioned strategies to gain further data on the subj ect of student 

perceptions. 

Aspects of Motivation 

Although there are many outside factors that can affect a student' s motivation, 

all of these aspects help to form a student' s personal motivational beliefs .  There are 

aspects of a person's individual l earning style and personality that can affect 

the learning process. Some of these factors include self-competence, self-regulation, 

self-efficacy, anxiety. 
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Self-Competence, Self-Regulation, Self-Efficacy, Math Anxiety 

Kesici & Erodogan (2009) conducted a study to investigate whether 

motivational beliefs and self-regulatory behaviors have an effect on college students ' 

math anxiety. One maj or result from this study was that test anxiety and self-efficacy 

are significant predictors of college students ' math anxiety. Students with emotional 

and behavioral disorders have higher test anxiety than students of average 

achievement. Although math anxiety can cause students to have negative 

motivational beliefs in mathematics, if students can recognize this weakness that they 

possess, they may be able to incorporate positive self-regulatory behaviors. These 

self-regulatory processes reveal a student's motivation to be successful .  

Cleary and Chen (2009) completed a similar study at the middle school level. 

Motivation and self-regulation are two major aspects in  a students' learning process. 

Students with higher levels of motivation and better self-regulatory strategies would 

be assumed to have higher achievement levels .  One interesting result from the data 

obtained was that student motivation and self-regulation varied across  grade level s  

and math course, but the importance of these strategies wil l  increase for more 

demanding courses .  If students can learn to recognize positive and negative learning 

behaviors, they may be more able to reach success, than if they do not take the time to 

self-reflect. If teachers can teach positive self-regulatory behaviors to those students 

who may experience difficulty, perhaps these students can become more successful . 
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Another study was conducted to consider the differences between math self­

concept, math self-efficacy, and math anxiety across  different cultural groups .  These 

researchers found that math anxiety is strongly correlated with math scores ,  more so 

than with math self-concept and math self-efficacy (Lee, 2009). Another finding was 

a positive relationship between math self-et1icacy and math scores, whereas a 

negative relationship was found between math self-concept and math scores .  Beliefs 

and perceptions of mathematics vary greatly between different countries and cultures, 

as shown in this study. Certainly these perceptions of math have an etiect on 

individual student motivation. Even within the United States, different cultural and 

personal beliefs about education may be evident in diverse student populations. 

Why is motivation so important? 

Motivational constructs, general intelligence ,  and prior school performance 

are believed to atiect future school achievement. Steinmayr and Spinath investigated 

this  topic by asking questions regarding self-perception, goals, and values towards 

math in additional questionnaires .  The researchers ' hypothesized that the students '  

achievement motives, goal orientations, self-concepts, and values help t o  predict 

future success in math more so than general intelligence alone. According to the 

results from the study, the different motivational variables (hope for success, fear of 

failure, need for achievement,  etc . )  greatly contributed to  the prediction of  school 

achievement. Whatever means of motivation pushes students, it is clear from this 

study that there is a large impact of future success .  Teachers should be aware of 
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individual students' motivational beliefs and attempt to encourage those students that 

seem to be unmotivated .  

Yunus and Ali (2009) found that for the participants in  their study, overall 

motivations were high, and the majority of the participants possessed a high level of 

effort . Another surprising result was that "female students have higher level of effort 

and self-et11cacy and have lesser worry in the learning of mathematics" (Yunus and 

Ali ,  2009). The results also showed that there was a positive relationship between 

etiort, self-efficacy, and motivation with academic achievement. Because of the 

strong correlation with motivation and achievement, it is vital that teachers find ways 

to increase motivation in all students, not only to enhance their educational 

experiences, but to ultimately help them to achieve success .  

Conciusions from the Literature 

Motivation can be the factor that makes or breaks a student' s success in 

school. There is a very strong correlation with motivation and achievement (Yunus 

and Ali ,  2009); therefore, teachers need to find ways to keep students positively 

motivated. Not only does motivation affect current achievement, but according to 

Steinmayr and Spinath (2009), motivation plays a large role in future success .  

Teachers should be aware of individual students ' motivational beliefs and attempt to 

encourage those students that seem to be unmotivated. 

Although teachers cannot control outside influences, such as cultural beliefs 

and family influence, teachers can educate themselves about these differences to have 
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a better understanding of individual differences in student motivations. According to 

Tsao (2004 ), beliefs and perceptions of mathematics can vary greatly between 

different countries and cultures .  Other previous research has revealed the evidence of 

gender and cultural stereotypes in  regards to mathematics and achievement (Skaalvik 

and Skaalvik, 2004; Urdan, Solek, & Schoenfelder 2007). Different cultures have 

different definitions of success and different perceptions of who can be successful  in 

mathematics .  

Despite the many aspects of a student' s  life that teachers cannot influence, 

teachers can monitor the interactions that occur in the classroom. From block 

scheduling to teacher behaviors to different styles of instruction, all of the interactions 

that occur in the classroom can affect students' motivation and attitudes (Cotic & 

Zulij an, 2009; Levpuscek & Zupancic, 2009; Middleton & Midgley, 2002). Although 

motivation is a complex and multi-faceted characteristic of a student' s  belief system, 

it is imperative that teachers are aware of the different factors affecting motivation as 

well as strategies to increase positive motivation in al l students. 
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Chapter Three: Applications and Evaluation 

The objectives of the current study are to determine how motivational bel iefs 

and attitudes affect mathematics achievement and determine the effects of project­

based instruction on these attitudes and beliefs .  The sample of students in this study 

is a small representation of the overall student population, but the insight provided by 

these students may inform the researcher of current trends in student attitudes towards 

learning mathematics and may also help the researcher to inform future instruction. 

The partic ipants for the study were a sample of convenience .  The participants 

were students currently enrolled in the geometry course at a rural high school . There 

are approximately 55 students enrolled in the course, but only 35 students returned 

the required consent forms to be official participants. The data collected i s  

representative of these 35 students .  Of these students, there is a wide-range of 

abilities. Based on the teacher' s ranking, s ix  students were ranked as low-achievers, 

fourteen students were ranked as average-achievers, and fifteen students were ranked 

as high-achievers. Although the maj ority of the students were general education 

students, there were three students that were students with special needs (two students 

were IEP students,  and one student possessed a 5 04 plan) . Although thirty-five 

students turned in parental consent forms, the almost half of these students were high­

achievers; on the contrary, only six low-achieving students turned in consent forms .  

This may result in skewed results . 
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For the current study, I used a mixed-methods approach to data collection in 

order to achieve the goals and objectives of the research questions. Before beginning 

the project-based unit, participants completed a closed-response survey assessing 

their current attitudes and beliefs towards mathematic s .  This initial evaluation was 

used to get a baseline of students'  beliefs towards math achievement. Thi s  

information was also considered when assigning students to  groups for the project 

that they would be completing. 

The closed-response survey was divided into five different components,  and 

there were four or five questions pertaining to these different components.  The first 

category for the survey was Learning Style and included five items on the 

questionnaire . Category Two, Math Anxiety, included four items .  Teacher 

Perceptions was the fourth category and included five items on the survey, The 

fourth category was Self-Efficacy; this  category included four items.  The final 

category, Internal Motivation and Personal Beliefs,  was a mix of several different 

concepts and included five questions. This Motivation and Attitude Scale included 

items such as, "I would rather complete a project or make a presentation than take a 

test in math class." and "'Performing many examples helps me to learn new concepts 

in math." The goal of thi s  closed-response survey was to get an idea about how 

students feel about mathematics and what affects their beliefs regarding mathematics . 

For the complete survey, see Appendix A. 
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After the initial baseline survey, the teacher and students engaged in a three­

week project-based instructional unit. The unit involved students creating a "School 

of the Future." Before students were placed into groups,  the teacher described, in 

detail ,  the project that students would be completing. The teacher explained that 

students would be participating in a real-life application of the content they were 

learning, speci fically involving three-dimensional solids, surface area, similarity, and 

scale factors. Students would also apply specific calculations to determine the cost of 

their school designs. Each team would create a unique site plan, floor plan, and scale 

model of their future school. Students were encouraged to think "outside of the box" 

and include futuristic design layouts or classroom structures that would make their 

school more appealing to future students. During the unit, students would learn 

relevant material through scaffolding lessons, and then work in their cooperative 

groups on aspects of their assignment. For example, one aspect of the project 

requires students to calculate the cost of their buildings based on square footage 

calculations. In order to provide the students with the knowledge they need to 

perform these calculations, the teacher taught them how to calculate the area of a 

floor of a building. To keep calculations relatively simple, the teacher gave students a 

set cost per square foot to use during their project calculations.  Students practiced 

these calculations with their groups on a practice worksheet. For a full  project 

description and rubric, see Appendix B. 

Students were placed into groups with each group consisting of three or four 

students.  For the treatment, I used different grouping methods in each of my three 

24 



section of geometry . Students in one class period were assigned to heterogeneous 

groups based on abi lity and motivation levels; in another class section, students were 

assigned to homogeneous group based on ability and motivation levels; in the third 

class period, students chose their own groupings (which resulted in groups with 

varied ability-levels and motivation-levels). 

Throughout the project-based unit, the researcher made observations and 

recorded information from the groups during in-class work sessions . At the 

conclusion of the unit, students presented their proj ects to the rest of the class .  

Students then completed open-response questionnaires about their experiences with 

the proj ect-based unit . The open-response questionnaire included items to evaluate 

the students' likes and dislikes  of the project and the group setting, as well as how 

these factors affected their learning and motivation. In addition to completing the 

proj ect, students also completed a formal unit test to assess their learning of the 

required content for the upcoming high-stakes Regents exam. 

Each of the different components of the study will provide the researcher with 

varied data all giving insight into students' beliefs about mathematics .  The closed­

response survey wil l  inform the researcher as to what aspects have a strong effect on 

students' beliefs and motivational views towards math. The researcher will be able  to 

generalize about the "big ideas" that influence students and their attitudes regarding 

math achievement. For example, do students have diverse learning styles and are 

they open to different instructional methods? Are students affected by math anxiety, 
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which can in tum affect their attitudes towards math? These questions wil l  hopefully 

be answered through the closed-response survey. Then, keeping this data in mind, the 

researcher can teach using varied instructional methods during a proj ect-based unit 

and determine if the students ' attitudes and beliefs can be affected.  For example, did 

students enj oy a real application of the mathematical content during the project-based 

unit, or do they prefer traditional direct instruction? Would students rather be 

accountable for only themselves, or did they gain real l ife experience from the group 

concept? The purpose of the open-ended survey is to determine if any change has 

occurred in students' motivational beliefs and attitudes,  

See Appendix A for the complete Motivation and Attitude Scale (closed­

response survey) and Open-Ended Survey. In addition, Appendix B includes a 

project description, a sample lesson, and the rubric on which students' projects were 

assessed. The formal Unit Assessment in contained in Appendix C .  
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Chapter Four: Results and Analysis 

In this study, the researcher gathered data through a variety of sources .  The 

data from the initial , closed-response survey was analyzed by comparing means by 

topic and gender. Figure One includes the averages by category. From thi s  data, it i s  

clear that Math Anxiety, Category 2 ,  had the lowest average for responses ,  and 

Category Three, Teacher Perceptions, had the highest average responses .  The 

relatively high average for Category Three indicates that most students feel that they 

feel supported by their math teachers . The relatively low average for Category Two 

indicates that most students are minimally affected by math anxiety. 

Overall Averages by Category 
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Figure One 

Category One also had a relatively high average response. results from 

Category One, which assessed students '  individual learning styles, suggest that 

students possess many diverse learning styles .  Category Four had a relatively low 

average response .  Category Four was meant to evaluate students ' levels of  self-
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efficacy towards mathematics. The relatively low average response indicates that 

students do not always feel confident and capable when completing mathematics 

problems or considering future math classes . 

The researcher also compared the average responses based on gender. Thi s  

data i s  shown i n  Figure Two. The first column represents the data from the male 

students '  responses, and the second column represents the data from the female 

students' responses. From this chart, it is clear that there was not any significant 

difference in average responses  by category between male and female students. 

Averages by Category and Gender 
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Figure Two 

Item sixteen from the survey had the overall highest average response (3.6). 

This question stated, "My teacher is available for extra help in case I don' t quite get it 

the first time." Another item with a relatively high average score was item four 

(average of 3 . 56) ,  which read "My math teachers have helped prepare me for success 
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in future math courses ." Item four and sixteen were both from the Teacher 

Perception category. These two items suggest that students feel supported and 

encouraged by their math teachers ; students who feel supported by the ir math 

teachers are more l ikely to show positive motivational beliefs and perform better in 

math class (Levpuscek and Zupancic, 2009). 

Another question with another high average score was item two (average of 

3.49); item two read as follows, '"Performing many examples helps me to  learn new 

concepts in math. "  This item indicates that students see the value in completing many 

examples to practice applying new concepts. Thi s  supports the idea that students 

need repetition of concepts in order to learn, which  is a characteristic associated with 

traditional instruction. 

Item twenty-one fr01n the closed-response survey had the overall lowest 

average response (2.0). This item stated, "I like to try and solve math problems 

outside of math class . "  This indicates that most students do not have an internal drive 

to practice recreationally mathematics .  Items fifteen and twenty-two also had 

relatively low average scores, 2. 1 and 2.4, respectively. Item fifteen stated, "I like to 

go up to the board and answer questions/present solutions in math class." Item 

twenty-two stated ,  "I l ike to discover new concepts for myself." These three items all 

involve personal attitudes,  learning styles, and motivational beliefs. The results from 

these three items suggest that many students would rather not have to actively pursue 

learning but instead have ideas presented to them. This perhaps suggests that students 
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are accustomed to traditional teaching methods and less comfortable with 

differentiated instruction such as proj ect-based learning. 

The final item of the survey said, "'During a typical math class, I feel very 

motivated to work hard and achieve success." Students chose from Likert-scale 

responses (Strongly Agree to Strongly Disagree) and then were asked to explain their 

answer in their own words. The researcher coded the answers into positive responses 

that indicated why students were motivated and negative responses that indicated why 

students were unmotivated. 

Some of the explanations that explained why students felt unmotivated 

inc luded that some students get distracted and do not always pay attention. Other 

students indicated that they are not always awake in the' morning (when they have 

math class), which causes them to fee l  not as motivated. Several students suggested 

that when they do not understand the difficult material, they feel less motivated to 

achieve. A few students stated that they feel that some of the math concepts that they 

are learning are pointless. Several students indicated that there are so many other 

outside factors affecting them that they j ust cannot focus during class. Another 

response that several students mentioned is that they feel bored.  All of these 

explanations indicated reasons as to why students did not feel motivated to achieve in 

math class. 

On the opp0site end of the spectrum, many students indicated that they feel 

highly motivated to work hard and achieve success in a typical math class .  Some of 
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the reasons that these students used to justify their responses were to achieve high 

grades and because they do not want to fail .  In fact, the reference to grades was the 

most common reason that students included. Many students referred to their future 

plans and college as a source of motivation for them. On a similar note, one student 

mentioned that she needs high marks in order to earn scholarships for college. 

Several students revealed that they possess a desire to achieve in all of their classes, 

including math. One student mentioned that he i s  naturally  good at math, and another 

student stated that she j ust enj oys completing problems. One student stated that she 

enjoys the class  and the teacher, which provides her with a source of motivation. One 

final student mentioned that math is used every day, so she feels motivated to achieve 

in math class .  

During the unit, the teacher recorded students' interactions during class 

project  time and made observations about student progress . The reason for these 

observations was so the researcher could get candid responses from students to 

supplement and support the data gathered in the surveys. These candid responses can 

possibly provide more honest, direct thoughts from the students . 

For some groups ,  there were a lot of positive comments and interactions that 

occurred. Some of the positive observations that the teacher made are summarized in 

the table below: 

1 .  

2. 

I'm glad that we all have good ideas and we can work together. 

I have an idea how we can incorporate technology . . .  [another student] Great 
idea! 
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3 .  
Ok, I '  11 work on the 3 D  model and bring i t  in tomorrow so you guys can tell me 
what you think. 

4 
The floor plan looks good, but maybe we can add to it because we stil l  have 
money to work with. 

5 .  
I like being able to do our own thing and not take notes like normal. This is sort 
of fun. 

Table One : Positive Observations 

In addition, there were some groups that had negative experiences in their 

groups. These observations are recorded in the table below: 

1. Our group would be better if we didn ' t  have [name omitted] trying to boss 
everyone around 

2 .  
This project i s  stupid; it doesn' t even relate to math 

,.., I wish that [name omitted] would come to school once in a while he hasn ' t  .) . 
done anything. 

4 .  You and I have done everything . . .  [name omitted] i s  s o  frustrating because h e  
has done nothing 

5 .  
I wish we had more guidance because I really don't  know what to do. 

Table Two: Negative Observations 

Many of these comments were also mirrored in the students ' group evaluations that 

were completed at the conclusion of the proj ect. 

The final, open-ended survey was administered at the conclusion of the 

project-based unit .  The items on this  open-ended survey assessed positive and 

negative fee lings towards the project itself and the group arrangements for the 

project, as well  as motivational attitudes before the project-based unit and during the 

project-based unit . The students were required to complete statements, such as, ••one 

thing I l iked about the project was . . .  " After reading the students ' responses, the 
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researcher coded the responses for each item and analyzed the responses to determine 

common trends in the responses. 

Item one of the open-ended survey required that students elaborate on one 

aspect they l iked about the proj ect .  The most common response from students was 

that they enj oyed working in groups on the proj ect. Seeing a ''real life application" 

and completing a '"hands on" project were two other notions that were suggested. 

Other response included that students enjoyed being creative and designing different 

aspects of  their project. One student described the project as a ''nice change of pace" 

from traditional day-to-day instruction. Another student made a similar comment and 

described the proj ect as ''better than taking notes." 

Item two of the open-ended survey required that students describe one aspect 

they did not like about the proj ect. The most common response frorn students was 

that they felt they did not have enough time to complete the proj ect. Other students 

suggested that they were confused by the directions and the expectations. (Note: 

Several students were absent fro m  class on the first day of the proj ect when most of 

the directions and expectations were explained. This may have affected the students ' 

opinion of the project because they missed this crucial class  period.) Another 

comment was that students did not like their group arrangements .  

Item three of the open-ended survey required that students explain one aspect 

they liked about their groups .  The most common response from students was that 

they liked being able to share the workload. A similar thought mentioned by students 
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was they liked being able to share ideas and combine knowledge and resources. 

Several students mentioned that they liked having more freedom, and the project was 

more fun that day-to-day instruction. Effective grouping and helping one another in 

the group setting were two other ideas mentioned by students for aspects they liked 

about the group setting. 

Item four of the open-ended survey required that students discuss one aspect 

they did not like about their groups . The strongest complaint about the groupings had 

to do with group conflict. Several students felt that not all group members 

contributed equal ly and not all group members had the same definition of quality. 

This  was also seen in a study by Urdan, Solek, and Schoenfelder (2007). Urdan, 

Solek, and Schoenfelder found that different cultures had different definitions of 

success .  In the current study, individual group members had varying acceptable 

levels of quality, and this  could be the result of the individual' s cultural groups ' 

definition of success. 

Another negative idea mentioned was that not everyone ' s  ideas were listened 

to in the groups. A final negative comment may support why several students had 

negative experiences; students were not allowed to choose their own groups. After 

reading these comments, the researcher tried to determine if there was a connection  

amongst this data. In general, i t  appears that students feel  that if they were able to  

choose their own groups ,  they may not have had as much group conflict. 
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Item five of the open-ended survey required that students suggest one thing 

that would make the project better. The most mentioned suggestion was to allow 

students more time to complete the proj ect. Other students requested a smaller 

individual proj ect, rather than a large, group project. Other students suggested that 

they would have l ike to choose their own groups,  which supports many of the ideas 

suggest in item four. The last two maj or ideas mentioned in responses to item five 

were contradictory in nature . One student suggested that they would have l ike more 

specific expectations, whereas another student suggested more freedom and less rules 

and expectations. This  suggests that difierent students have difTerent need in terms of 

structure for proj ects . 

The last two items of the s·urvey required students to rank themselves on their 

level of motivated to learn mathematics and then explain their ranking .  The rankings 

were based on a five point Likert-scale from "Strongly Disagree" to "Strongly 

Agree ." 

Item six asked students to rank their level of motivation before beginning the 

project-based unit .  The average response from students was 3 .4 (which  is between 

neutral and moderately agree). Although the average response from the students was 

relatively neutral, there were many students that had higher and lower rankings. 

These higher and lower rankings were very interesting to investigate, e specially after 

considering the students' explanations. 
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The explanations from the students with higher levels of motivations varied 

from personal interest in math to competitive nature to do wel l  and just a desire to 

achieve. Several students mentioned that they wanted to get good grades, and a few 

other students mentioned a future need for math as their drive to learn math. A few 

students specifically stated that they simply enjoyed learning math. Students that had 

lower rankings also had unique views as to why they felt less motivated. Several 

students mentioned that math is not fun and they find it boring. Other students stated 

that they do not use math outside of class, and they would rather be learning applied 

math. 

The last item of the open-ended survey asked students to rank their level of  

motivation to  learn math during the project-based unit. The researcher was interested 

to see if there was any change in students ' perception of their own motivation before 

and during the proj ect. The average response from students for item seven was 3 .6 ,  

which is  sl ightly higher than the average from item six.  Thi s  indicates that students 

felt slightly more motivated during the project than they did before begin.11ing the 

proj ect. 

In addition to considering the numerical rankings, the commentary associated 

with these rankings is vital to understanding the students ' viewpoints .  Students that 

assessed themselves as having a high level of motivation during the proj ect 

mentioned very specific reasons for their level of motivations. Some of the responses 

included that students enj oyed the engineering and design aspects of the project; 
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similarly, another student mentioned that he had an interest in architecture and scale 

drawings . Quite a few students suggested that they enjoyed the new application and 

experiences that the project involved, and it was fun being able to be creative. 

Students that had lower levels of motivation j ustified their ranking with comments 

such as the project stressed them out and they did not have enough time for the 

project. Other students with lower motivation levels indicated that they still do not 

like math, they are not good at math, or they stil l  find no fun in learning math. This 

supports the idea that people tend to do things that they are good at and tend to avoid 

things that they are not as good at (Skaalvik and Skaalvik, 2004). These students 

indicate that they do not feel motivated towards math which may be a result of their 

limited ability. They may avoid math because of their weaknesses. Some of these 

students also stated that the project did not change their opinions about learning math. 

After carefully considering students written responses to items six and seven, 

the researcher compared each students ' numerical ranking from item six (level of 

motivation before the project) and item seven ( level of motivation during the proj ect) . 

The researcher was interested in comparing individual students' rankings. Thirteen 

students perceived motivation level increased from their initial level of motivation to 

their motivation level during the proj ect. Seventeen students level of motivation 

remained the same from item six to item seven. F ive students level of motivation 

decreased between the two items .  
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Each group received a grade for their final project. One portion of this grade 

was a group-evaluation form that each student completed to assess each group 

member' s  contribution to the final project. I chose to include this so that students 

could let me know what concerns they had regarding their groups'  functioning. The 

overall grade that each student received for the project was based on the teacher' s  

assessment using a rubric (see Appendix C )  and the student' s  evaluation based o n  the 

group evaluation forms (see Appendix C). The average grade for the proj ect was a 

90%. The highest grade earned by a group was a 97o/o, and the lowest grade earned 

by a group was a 78%. Students not only received a "grade" but also a written 

evaluation that included strong points of their project and weaker points of their 

project (see Appendix D for Exemplar Proj ects and a sample of a Completed Rubric 

with Written Evaluation). 

Another interesting result from the project-based unit was the students' many 

unique perspectives presented in the final proj ects. The main task that students were 

to complete was to create a School of the Future and represent this school using a site 

plan, a floor plan, and a three-dimensional scale model of a classroom. In addition, 

students also performed various calculations to come up with an approximate cost 

estimate for their school .  One trend that emerged from many of the students' ideas 

was that some students are very accustomed to ''traditional" school structures .  

Several of the groups based their floor plans on the school that they attend or have 

visited. 
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A few of the groups were able to "think outside the box" and created more 

unique school structures .  For example, one group created a school where each grade 

level had its own separate building and the buildings were connected through 

underground passages; this school complex also contained several "common" 

buildings that contained common areas like the administrative ot1ices ,  gymnasium, 

and auditorium. Another group created a one-room "school" where all students sat 

and received their education from interactive, instructional helmets. In thi s  school, 

there were very few adults present, and these adults were solely facilitators and 

monitors , not traditional "teachers" in the today' s sense of the word . 

In addition to creating general building designs and the overall site layout of 

the school complex, students were also required to create three-dimensional scale 

models of their futuristic classrooms . Again, some groups tended to stay close to the 

current classroom structure that they are accustomed to: four walls  and a door, 

individual student desks, some form of board, and teacher at the front of the 

classroom. However, several groups were able to modify a "standard" classroom but 

adding their own unique elements . 

One group created a more futuristic version of this typical classroom by 

including inclined floors so that all students can see the board ( similar to a college 

lecture hall). Another group incorporated a modem twist to a typical classroom by 

including a "Smart Cube" in the center of the classroom. The group described the 

"Smart Cube" as a cube with the lateral faces being interactive "Smart Boards." In 
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front of each "Smart Board" there are four to five student desks, and these students 

work as a group to complete the tasks presented on the "Smart Board ." In essence, 

this group incorporated innovative technology and cooperative group learning in their 

future schoo 1 .  

Some groups had even more creative ideas for their future schools. S everal 

groups rearranged classroom structure by seating students at tables or other structures .  

For example ,  one group had students sitting in  bean-bag chairs at individual work 

stations . Many groups suggested that in the future al l students would have their own 

laptop to do their work. One group justified this by stating that in the future, people 

wil l  be rnore environmentally conscious. By giving students laptops for ass ignments, 

they wil l  not have to keep paper notebooks and print assignment. Instead, 

assignments would be submitted electronically, thus reducing the amount of paper 

being wasted. 

Through this proj ect-based instructional unit, students were able to use their  

imagination and individuality within their groups to complete the necessary tasks . 

One unanticipated result from this proj ect-based unit was the amount of diversity in 

the students ' final products. Although some students created schools that resembled 

schools that are typical today, many students were able to create completely new and 

different structures .  One reason that this diversity in the projects may have occurred 

is that students may interpret the task of the assignment differently. In addition, some 

students naturally possess more eccentric and different ideas. 
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In addition to completing the group project, each student took an individual 

formal, unit assessment .  The average grade for the formal unit assessment was 8 0%.  

Last year, when I gave a similar assessment on the same content, the average score on 

the assessment was 77°/o. After determining the means of that data, I performed a t­

test to analyze this data. A two-tailed t-test with an alpha value of p<.05  was 

performed. The outcome from this t-test was a p-value of .20. This indicates that the 

difference in the means is not statistically significant because the calculated p-value is 

greater than the accepted value (acceptable p-value, p<.05) .  This implies that there i s  

no significant difference in  the data sets, and the two groups of students performed 

relatively similar on the unit assessment. 

The researcher also looked at the New York State Regents exam results of the 

two groups of students to see if there was a significant ditierence in the mean scores. 

The average score on the NYS Regents exam for the students in the year prior to the 

current study was a 72 .5%.  The average score on the NYS Regents for the students 

involved in the current study was 77 . 8o/o. After determining the means of that data, I 

performed a t-test to analyze this data. A two-tailed t-test with an alpha value of 

p<.05 was performed . The outcome from this t-test was a p-value of .0 1 9 . This 

indicates that the difference in the means is statistically significant because the 

calculated p-value is less than the accepted value (acceptable p-value, p<.05) .  This  

implies that there is a difference in the data sets .  This test would indicate that the 

students involved in the current study performed better and were higher achievers 

than the students in the previous year. 

4 1  



The two statistical tests performed in regards to the two different groups of 

students have contradicting results .  The unit assessment t-test indicated that the 

students were at relatively the same performance level for this particular unit. 

However, the t-test results from the NYS Regents exam indicate that the students in 

the current study were higher-achievers on this overall ,  cumulative assessment. 
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Chapter 5 :  Conclusions and Recommendations 

The current study involved an initial baseline survey, followed by an 

intervention. At the conclusion of the intervention, students were then surveyed 

again. Finally, students completed a formal unit assessment to determine the degree 

to which they learned the mathematic material presented in the project-based unit . 

Before any intervention had occurred, the researcher took baseline assessment 

data by administering a closed-response survey. The goal of this survey was to 

discover any existing trends among students ' attitudes and motivational beliefs 

towards mathematics. Several trends emerged from this  data. Most students feel 

supported by their math teachers. In addition, students revealed that they feel  

minimally atTected by math anxiety. Other information revealed through the closed­

response survey include that students possess many diverse learning styles and 

students have varying levels of self-efficacy towards mathematics .  Other specific 

items suggested that some students would rather not have to actively pursue learning 

but instead have ideas presented to them. This perhaps suggests that students are 

accustomed to traditional teaching methods and less comfortable with new styles of 

instruction such as project-based learning. 

The researcher compared the overall category results from the closed-response 

survey by gender. There were no obvious differences in the results when comparing 

the means. However, even through the means did not reveal any significant trends, 

this does not mean that individual students did not have vastly different results .  

Skaalvik and Skaalvik (2004) investigated gender stereotypes and found that although 
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gender stereotypes sometimes do exist, there are many students that do not fall into 

these stereotypes .  The current research had similar results. 

The last item of the survey asked students to determine their current level of 

motivation in math class and then explain their responses.  Students ' levels of 

motivation varied across the students .  Cleary and Chen (2009) had similar results 

when they discovered that student motivation and self-regulation varied among 

different students .  In their  study, Cleary and Chen looked at students across diffe rent 

grade levels .  In the current study, students were all in the same grade level for 

mathematics .  

The intervention for this study was the incorporation of a proj ect-based 

instructional unit. The goal of a proj ect-based unit, such as the School  of the Future 

Proj ect, is to create contextually applied mathematical activities in the classroom by 

incorporating authentic challenges and real-world problems. As discussed in the 

results, it was not an easy endeavor for every student to make this shift from 

traditionai learning to this new proj ect-based learning. Many students  commented 

that they enj oyed the new context and liked the applied context of the mathematics .  

However, there were several students that had a difficult time with this  project, 

possible because they were not accustomed to the newfound freedom that was offered 

to them. Although the students ' engagement in the School of the Future Proj ect was 

varied, the experience presented through this project helped them use mathematics in 

a meaningful situation. 
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The proj ect presented to students from the current study included all seven 

essential components of project-based learning (Larmer and Mergendoller, 20 1 0) . 

These seven components included catching student interest, driving questions, student 

voice and choice, valuable group cooperation skills ,  inquiry and innovation, teacher 

feedback, and a final presentation. By including all of these components, the current 

researcher was able to see the spark the students '  interest by first presenting the main 

idea. Students were then able to come up with their own ideas, develop their thoughts 

within their groups ,  strengthen their ideas through revision and group collaboration, 

and finally present their final product. All of these components created a unique 

learning opportunity to the students that helped them to become more diverse 

learners. Wilhelm, Sherrod, and Walters (2008 )  discussed that project-based learning 

"allows students to engage in contextualized problem-solving, make connections 

across disciplines,  develop reasoning skills, and accurately represent and 

communicate concepts" (Wilhelm, Sherrod, and Walters) . The results from the 

current study support this idea. 

In addition to gathering data through means of surveys ,  the researcher also  

recorded observations of student interactions and presentations of  projects. These 

observations varied  in nature from positive to negative, specific to general, and 

related to many different components of the project. These observations revealed 

varying attitudes and levels of interest in the project. This was similar to the results 

found by Jurow (2005) .  Jurow found that students possessed varying degrees of 
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engagement with the project and that the proj ect-based unit seemed to be a productive 

alternative to daily, teacher-led instruction. 

The final, open-ended survey was meant to gather feedback from the students 

in regards to their experiences during the project. Students were asked to provide 

positive and negative feedback regarding the overall project and their group 

experiences.  Overall ,  students appreciated the "real-world" application of the 

mathematical concepts and liked being able to be creative and use their own ideas . 

Some of the negative comments that students made about the project included that 

they felt that they did not have enough time to finish the project and that some 

students were confused by the directions. In regards to group arrangements, some of 

the positive notions included that students l ike sharing the workload, sharing ideas 

and resources, and that working in groups was fun .  The most common negative view 

presented by the students was group conflict. 

In the final, open-response survey, several students revealed that they 

experienced challenges when working in the group setting. In a study conducted by 

Cheng, Chan, and Lam (2008), the researchers found that the higher quality of group 

processing, the better the efficacy from high and low achievers. Perhaps the reason 

that some of the groups in the current study had challenges and/or negative 

experiences was due to poor group processing. 

The final two items of the open-ended survey asked students to rank their 

levels of motivation before the proj ect-based unit and during the proj ect-based unit, 
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respectively. Before the proj ect-based unit, the primary instructional method was 

teacher-led instruction. Many students revealed that their level of motivation 

increased or remained that same.  In a similar study, performed by Cotic and Zuljan 

(2009), problem-based mathematics instruction and traditional instructions were 

compared to see if there was any effect on students ' academic motivation and 

achievement. The data obtained from this  study revealed that both groups 

experienced positive motivation, despite the difference in teaching style . Another 

study by Ocak and Uluyol found that PBL positively affected engagement and 

interest in class. These results were replicated in the current study; this positive 

engagement and interest was revealed through these final two items on the open­

ended survey. In another similar study, Doppelt found that most students enjoyed 

PBL and that they were more motivated to perform well in the upcoming year. This 

study revealed that PBL increased student motivation and self-image (Doppelt, 2003) .  

These notions were seen in the current study. In the current study, many students 

revealed that they enj oyed working on the project and were more motivated during 

the project-based unit than before the project-based unit .  

The final set of data gathered for this study was the results of the formal unit 

assessment. The students in the current study performed about the same as the 

students performed in the previous year on a similar assessment. This would suggest 

that traditional teacher-led instruction (which was used as the primary instructional 

practice in the previous year) and project-based learning (which was the primary 

instructional practice in the current study) are effective and have positive effects on 
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student learning. In a similar study, Panasan and Nuanchalerm (20 1 0) found that 

both project-based learning and inquiry-based learning are efficient and effective and 

have positive impacts on student learning. This goes to show that there are many 

different instructional practices that can positively impact student learning. 

Limitations 

Although this  study has resulted in a wealth of data and valuable results, there 

are some obvious limitations. Of the 5 5  students that were potential participants, only 

3 5 returned the required consent forms.  Of these students, many of them were 

highly-motivated, high-achievers . This could potentially affect the results from this 

study . In addition, 35 students is a relatively small sample . This sample is from a 

rural school district that possesses little diversity among its student body. This means 

that the results are not able to be generalized to the larger population. Another 

potential l imitation involves the nature of the data collection. Much of the data for 

the current study was collected by means of  self-reporting surveys. Whenever using 

self-reporting surveys or questionnaires, there is always a certain degree of limitation 

presented. Asking adolescent students to complete self-reporting surveys requires 

that they provide honest feedback, which puts the students in a state of vulnerability. 

This may affect their responses. In order to combat this limitation, the researcher 

made observations throughout the project-based unit to supplement the data gathered 

from the surveys. Any researcher using self-reporting surveys or questionnaires 
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should be willing to look at alternative sources of data to support and supplement the 

data from the surveys. 

Future research 

The results from this study emulate results from previous research. Although 

thi s  is the case, it would be unfair to say that these results are generalizable to the 

general population of adolescent students .  Because this study only involved one 

instructional unit, the data is somewhat limited. In the future, other researchers may 

want to incorporate several proj ect-based units for different instructional units in 

math; this might give more telling data. Studies like this one need to be conducted in 

many other contexts and with other populations of students. In addition, future 

related research could include a multi-disciplinary project across several content areas 

and assess the learning in all areas .  Another way to gather more data about project­

based learning is by allowing students to create their own project, given a set of 

specific expectations. 

Final Remarks 

The goal of the current investigation was to determine the effect of project­

based learning on the motivational levels of adolescent mathematics students .  From 

this  study, the researcher discovered that many students felt more motivated as a 

result of  the proj ect-based unit, whether because they enjoyed the group learning 

setting, the specific content of the proj ect, or because they enjoyed the change from 

traditional instructional approach. Many other students stated that their motivation 

49 



was not affected by the proj ect-based unit; their motivational beliefs and opinions 

remained the same. Very few students suggested that the proj ect had a negative 

effect on their motivational beliefs .  This suggests that overall, project-based learning 

is an effective instructional method as well  as positive way to motivate most students . 

Various teaching methods have their own value and place in the modem 

classroom. Traditional , teacher-led instruction, cooperative group learning, and 

project-based learning are a few of the more common teaching strategies seen in 

today ' s classroom. Each of these methods has its own positive and negative aspects 

that make it a quality learning experience for students. Teachers need to be aware of 

new, innovative teaching methods and push themselves to vary their instructional 

methods and incorporate diverse learning experiences for their students . By creating 

learning experiences that are fresh and exciting, teachers will improve their practice, 

and students will  hopefully maintain the desire to learn and the motivation to be 

successful. 
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M otivation a n d  Attit u d e  Scale  Code N a m e---------

Demographic Info r m ation 

Gender ____________ __ Age ______________ __ 

Please m a k e  eve ry effort to provi d e  compl et e  a n d  accurate i nformation for each q u esti o n  in this  

q u estion n a i re .  Circle t h e  a n swer that best d escribes you r  feel ings towards the statement.  

1.  I work h a rd t o  b e  successful  i n  math because I wi l l  need to use math in  my futu re.  

Strongly Agree M o d e rately Agree M od e ra t e l y  D isagree Strongly D isagree 

2 .  Performing m a ny exam ples h e l p s  m e  to l e a r n  n ew con cepts in  m ath.  

Strongly Agree M o d erately Agree M od erate ly  Disagree 

3. Using technol ogy i n  mathematics m a kes learning easier.  

Strongly Agree M o derately Agree M o derate ly D isag ree 

Stro ngly D i sagree 

Stro ng ly  D isagree 

4.  M y  m a t h  teachers h ave helped p re pa re m e  for s u ccess in  futu re math cou rses. 

Strongly Agree M o d erately Agree Mod e rate ly  D isagree Strongly D isagree 

5. I fee l  more m otivated when w e  a re d oing gro u p  a ct ivities in  math class.  

Strongly Agree M o derate ly Agree 

6. Math class stresses me out. 

Strongly Agree M o d e rately Agree 

Mod erately D isagree Strongly D isagree 

Moderately Disagree Strongly D isagree 

7.  My teachers have e ncouraged me to take m o re m at h  courses in the fut u re.  

Strongly Agree M o derately Agree Mode rate ly  D isagree 

8.  I t h i n k  I c o u l d  handle  more difficult  m ath. 

Strongly Agree M od erately Agree M o d e rate ly  D isagree 

9 .  I l e a r n  better w h e n  working i n  gro u ps in math c lass. 

Strongly Agree M od e rately Agree Moderately D isagree 

10. I fee l  nervou s  when the teacher ca l ls  on m e  i n  math class. 

Strongly Agree M oderately Agree Mod e rately D isagree 
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Strongly D isagree 

Stro ngly D isagree 

Strongly D isagree 

Strongly D isagree 



1 1 . I would l i ke to avoid math in col lege. 

Strong ly  Agree M o d erately Agree M oderately Disagree Strongly Disagree 

1 2 .  If I can't fin d  t h e  solution to a math p roblem, I feel defeated.  

Strongly  Agree M o d erate ly Agree M o de rate l y  D isagree Strongly D isagree 

1 3 .  Math teachers have made me fee l  I h ave t h e  ab i lity to go on in m a t h emati cs. 

Strong ly  Agree M od erately Agree M oderately D i sagree Strongly D i sagree 

1 4 .  I become a nxious a n d  forget i m p o rtant concepts d u ring a m ath test. 

Strongly Agree M o d e rately Agree M o d e rately Disagree Strongly D i sagree 

15. I l ike to go up to the board to a nswer q uestions/present solutions in  math class. 

Strongly Agree M o de rately Agree M o d e rately Disa gree Stro ngly D isagree 

1 6 .  My teacher is ava i l a b l e  for extra h e l p  in  case I d o n't q u ite get it  t h e  first t ime.  

Strongly Agree M o derately Agree M o d erately Disagree Stron gl y  Disagree 

17. I wi l l  keep working o n  a problem u nt i l  I get it right.  

Strongly Agree M o derately Agree M o d e rately Disagree Stro ng ly  Disagree 

18. I wou l d  rather com plet e  a project or m a ke a p resentation than take a test in  math class. 

Strong ly  Agree M o d erately Agree M o d e rately Disagree Stro ng ly  D isagree 

19.  My teacher is  genuinely interested i n  see ing me be successfu l in  m a t h e matics. 

Strongly Agree M o derateiy Agree M o derately Disa gree Stro ng ly  Disagree 

20. I do not l i ke to ask q u estions i n  class because I don't want to look d um b .  

Strong ly  Agree M o d erately Agree M o d e rately Disagree Strongly D isagree 

2 1 .  I l ike to t ry and solve m a th p roblems outside of math class. 

Strongly Agree M o d e rately Agree M o d erately Disa gree St rongly D isagree 

22. I l ike to d iscover new concepts for m yself. 

Strongly Agree M o d erately Agree M o d erately Disagree Strong ly  Disagree 
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23 .  I am sure that I c a n  solve most math problems. 

Strongly Agree M o d erately Agree Moderately Disagree Strongly Disagree 

24. D u ring a typica l math c l ass, I feel very motivated to work h a rd a n d  achieve success. 

Strongly Agree M o d e ra te ly  Agree M oderately Disagree Strongly Disagree 

P leas e  exp l a i n  your  a n swer to q u est i o n  24 on the l i n es be low:  
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O pen-Ended S u rvey Code N a m e  ____________________ _____ 

1 .  O n e  t h ing I l iked about working on t h is p roject is--------------

2 .  O n e  t h i n g  I d id n't l i ke about working o n  t h is project is------------

3 .  O n e  t h i n g  I l iked a bout working i n  groups i s-----------------

4.  One t h ing I d id n't l ike a bout working i n  grou ps is --------------

5 .  O n e  th i ng that cou l d  be d one t o  make t h is p roject-based u n it better would be __ _ 

6. Before com pleting this p roject, how woul d  you rate your level of motivation t o  learn 

m athematics? 

H ighly M otivated M otivated Neutra l  U n m otivated Very U n m otivate d  

Please exp l a i n  you r  a nswer to q u estion 6 on t h e  l i n es below:  
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7.  During t h e  p roject-based u n it, h ow wou l d  you rate you r  l evel of motivatio n  t o  learn 

mathematics? 

H i ghly M otivated M ot ivated Neutra l  U n motivated Very U n motivate d  

Please explain you r  answer t o  q u est ion 7 o n  t h e  l ines below: 
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Proj ect Description 

Students will  be completing an Architectural Design Proj ect in their Geometry class. 

For thi s  project, students will be arranged in small groups .  Groups will consist of 3 or 

4 students . In one class section, the teacher will  arrange the group heterogeneously. 

In a different class section, the teacher will  arrange the group homogeneously. In a 

third class section, the teacher will  allow the students to arrange their own groups. 

Students will be learning the concepts of measurement for 2-dimensional and 3 -

dimensional figures throughout the project-based instructional sequence.  In  addition 

to traditional, teacher led instruction the students will be participating in group 

learning sessions while completing different components of their project .  

The main components of the proj ects are to design a site plan for their School of the 

Future, create a floor plan for the layout of the building( s) in their site plan ,  build a 

3 D  scale model of a classroom in their school ,  and perform the calculations necessary 

to determine a relatively accurate cost estimate. In addition, students will  be 

presenting their School of the Future on the final days of the instructional unit. 

Students will be graded on a rubric, which is included after the timeline. 

Timeline for Proj ect-Based Unit 

Day 1 - Introduction of Groups and Description of Project 

Day 2 Scaffolding Lesson on Calculating Area of Simple Figures 

Day 3 - Scaffolding Lesson on Calculating i\rea of Composite Figures 

Day 4- Applied Lesson on Calculating Building Costs using Simple/Composite 

Figures 

Day 5 - Project Work Session with Groups 

Day 6- Discussion of Properties of 3-Dimensional Solids and Apply to Buildings 

Day 7 Project Work Session with Groups 

Day 8 Calculating Surface Area of 3 -Dimensional Solids 

Day 9 Applied Surface Area of 3 -Dimensional Solids 

Day 1 0 - Proj ect Work Session with Groups 
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Day 1 1  - Calculating Volume of 3 -Ditnensional Solids 

Day 1 2 - Applied Volume of 3-Dimensional Solids 

Day 1 3  - Project Work Session with Groups 

Day 1 4  - Project Work Session with Groups 

Day 1 5  - Project Work S ession with Groups 

Day 1 6  and 1 7 - Proj ect Presentations 

Day 1 8  - Review Properties and Calculations Associated with 3 -Dimensional Solids 

Day 1 9 - Formal Unit Assessment 
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Proposa l  Cost Estimate Sca le  Model Site P l a n  F l o o r  P l a n  

T h e  e d u cationa l  p rogra m - t h e  
Cost p e r  squ a re foot a re 

A l l  req u ired e lements a re A l l  req u ired e leme nts a re 
A l l  b u i l d i ngs on site p l a n  a re 

> c orrectly a p p l ied rep resented u vision for lea rn ing - is c lea rly i n c l uded - ta bles, storage, i n c l uded - b u i l d ings, p a rking 
ro ,... exp l a i ned w i n dows, d o o rs, etc. lots, athlet ic fiel d s, roads, etc. :::l Dimensions u sed m atch A l l  req u i re d  interior e lements u 
u t h ose used in t h e  floor a re i n c l u d e d - w a l ls, w i n d ows, <( The reasons for design decis ions a re E l ements a re made to E l e ments a re d rawn to co rrect 

"'C clea rly spel led o u t - how the s h a pe 
p l a n  

correct sca le  sca le 
etc. 

c 
ro a n d  layout of rooms a n d  b u i l d ings 

The c a l c u l atio n s  a re Everyt h i n g  is d rawn to the > a n d  roo m s  s u p po rt w h at t h ey a re .t:! e rror free correct sca le 
ro intended to acco m p l is h  
::s 
a 15 points 10 points 15 points 10 points 15 po ints 

The i nformation i n  logica l ly The sca le  m o d e l  is  The site plan is  c arefu l ly 
The f loor plans a re ca refu l ly  

seq u e n ced a n d  i n cl udes  h e l pfu l 
A l l  tota ls  a re c lea rly 

c a refu l ly cut a n d  rendered 
ren d e red 

� l a beled a nd eas i ly ·;:::: o rg a nizers assem bled 
ro verifi a b le- su p po rt i n g  

Every b u i ld ing a n d  d evelo ped 
The scale u sed is c lea rly 

u ca lcu lat ions a re w e l l- i n d icated 

"'C 
The layout is p rofessi o n a l  looking:  

o rgan ized, d erived from 
A p a p e r  d o l l  person is a rea is l a be led 

s::::: grap h ics e n h a nce the c la rity a n d  i n c l u d e d  t o  rep resent t h e  
ro complem ent the content.  

stated fo r m u las, a n d  
relative s i z e  o f  t h e  space Bui lding "footprints" req u i re d  

A l l  b u i l d ings a n d  i nterior 

s::::: in d icate a l l  d imensions spaces a re labeled 0 A cover page with t e a m  logo is 
and u n its u se d  

e lements a re i n c l uded ta b les, 
+I i n c l uded storage, windows, d oors, etc. ro C o m p a ny n a m e  a nd logo a re ......, 
s::::: vis ib le on the d rawing 
Q.l E lements a re m ade to co rrect Ill 
Q.l sca le ,... 

Q.. 

10 points 15 points 10 points 15 points 15 points 

The p ro posa l demonstrates a n  
The cost est imate is The room shape a n d  T h e  p l a n reflects though tf u l  

The a rr a ngement of  spaces 

u n derst a n d ing t h at b ot h  the reflects a t h o ughtful a p proa c h  

com p a ny a n d  the d esign concept 
rea l istic and ta kes i n to interior layo u t  s u p p o rt a use of the site a n d  takes 

t o  use l ight and m a king 
effect t h e  concept of  futu ristic vis ion o f  a dvantage of  the n a t u ra l  

......, m u st be sold 
inf lat ion e d u cation a n d  p rovide for feat u res, w h i l e  p reserving at  

c i rc u lat io n  (vert i c a l  a n d  
0.. h orizonta l )  effic ient Q.l techn ology a nd varying least 50% of the wetl a nds u Tone is b usin ess- l i ke 
s::::: Consideration is given needs of  l e a rners 0 u towards fu n d in g for t h e  

project (government, 

5 points taxes, etc.) 10 points 15 points 15 points 

Total s  3 0  points 25 points 30 points 45 points 45 points 
Reeders (2001) .  
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Sample Lesson Plan 

Unit: Measurement 

Lesson Title: Area of 2 -Dimesional Shapes 

Lesson Obj ective:  Students will  be able to calculate the surface area of various 2 -

dimensional shapes by using an appropriate formula. Students will then be able to 

calculate a cost analysis based on the square footage of a particular building. 

NYS Standards: 

G.G. 1 2 :  Know and apply that the volume of a prism is the product of the area of the 

base and the altitude 

G.G. 1 3 :  Apply the properties of a regular pyramid, including lateral edges are 

congruent, lateral faces are congruent isosceles triangles,  volume of a pyramid equals 

one-third the product of the area of the base and the altitude 

G.G. l 4 :  Apply the properties of a cylinder, including bases are congruent, volun1e 

equals the product of the area of the base and the altitude, lateral area of a right 

circular cylinder equals the product of an altitude and the circumference of the base 

G.G.l5 :  Apply the properties of a right circular cone,  including iateral area equals 

one-half the product of the slant height and the circumference of its base,  volume is 

one-third the product of the area of its base and its altitude, 

Application to Proj ect: Students will be drawing up designs for a floor plan of their 

school building(s) . After coming up with an appropriate design, students will 

calculate the square footage of the building and use this  figure to calculate the 

building costs .  

Assessment: Students, within their groups, wil l  complete a worksheet applying the 

new content. This will be collected and graded, so I can monitor their progress. 

Closure: I will revisit how this concept is applied to the specific classroom project, as 

well as other "real-world" applications. Within their groups, students will discuss 

other applications of surface area and cost analysis .  
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Name ---------------------------- Date ___________ __ 

Calculating Area In-Class  Examples 

When calculating area, the first task i s  to determine which formula to use. 

Below is a list of formulas that will come in handy : 

Shape Area Formula 

Rectangle, parallelogram, square A = bh 

Triangle A =  Y2 bh 

Trapezoid A= Yz (b t + b2)h 

Circle A =  n: r2 

Find the area of each of the following figures :  

1 1 0 ft 

4 0 ft 
3 5 ft 

1 00 ft 

28 ft 

1 8 ft 

50 ft 
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Application to Proj ect: 

If you consider the field of construction, you can probably imagine that these 

calculations are used on a regular basis. If  a contractor wanted to give a cost estimate 

to a potential client, he/she would need to be able to calculate the dimensions of the 

building and then estimate the cost it would require to build. 

For example, suppose the rectangle below represents the ground floor of a proposed 

building. The dimensions of the building are 200 ft. by 300 ft. The building 

contractor knows that the cost per square foot i s  approximately $200. What would be 

a good estimate for the projected cost of this building? 

3 00 ft Area of rectangle = bh 

= 200 ft * 3 00 ft 

Area of floor 60,000 sq. ft . 

200 ft 

Cost estimate = 60,000 sq. ft. * $200 per/sq.ft. 

= $ 1 2 ,000,000 

A good estimate for the building cost associated for this project would be $ 1 2  million. 

For the next example, the cost per square foot of the building will be $ 1 50 per square 

foot. Try this example on your own (remember, first calculate the area of the shape, 

then multiply the square footage by the cost given) . 

85 ft 

1 20 ft 
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What happens if the shape of the building is irregular . . .  l ike some of the compound 

shapes that we studied last week . . .  

What we need to do i s  calculate each individual shape independently and then total 

the area of the entire figure. Then, we simply multiply by the indicated cost. 

For examples 1 and 2 below, the cost per square foot of the building will be $ 1 50.  

Let ' s  try these examples together. 

I ) 2 )  

3 .  ft 

For examples 1 and 2 below, the cost per square foot of the building will be $ 1 20 .  

Try these examples within your group.  ( If  you are unsure, try looking up your notes 

from Thursday ! )  

I ) H 

8. ft 
\ f l . ft 

F 

ft 

mi L G 

A ,  ! l . ft B 
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Appendix C - Formal Unit Assessment 
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Name ______________________________ ___ Date __________________ _ 

3-Dimensional Solids Test 

Multiple-Choice Section : C hoose the best answer for questions 1 - 1 0 .  

1 .  How m any bases does a triangular prism have? 

( 1 )  0 (2) I 

2 .  H o w  m any bases does a pyramid have? 

( l )  0 (2) 1 

(3)  2 

(3)  2 

3 .  Which 2-dimensional shape i s  the base o f  a cone? 

(4) 3 

(4) 3 

( 1 )  Square (2) Cylinder (3)  Triangle (4) C irc le 

4 .  In  a prism, the bases are ________ __ 

( 1 )  Paral le l  (2) Congruent (3)  Paral le l  & congruent ( 4) Not enough info .  

5 .  I n  a prism, which shapes can represent the l ateral faces? 

( 1 )  C irc le (2) Rectangle (3)  Triangle (4) Octagon 

6 .  W h i c h  o f the fol lowing fi gures would be c lassified as po lyhedra? (c ircl e  a l l  that apply) 

( 1 )  Sphere (2) Pyram id (3)  C y l inder ( 4) Cone (5)  Prism 

7 .  What is  the name for a 2-dimensional figure that can b e  folded into a } -dimens ional sol id? 

( 1 )  Floor p lan (2) Scale model (3) Net (4) Map 

8 .  What is  t h e  name for the largest circle that c a n  be drawn on a sphere? 

( 1 )  Equator (2) Great C irc le (3) Hemisphere (4) Cyl i nder 

9 .  What 2 -dimensional shap e  c a n  b e  a lateral surface o f  a pyram id? 

( 1 )  Triangle (2) C ircl e  (3) Rectangle ( 4) Prism 

1 0 . What can be said about the lateral edges of a prism? 

( 1 )  Paral le l  (2) Congru�nt (3) Paral l e l  & congruent (4) Not enough info. 
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For p rob lems 11 - 16, ca l cu l a te the  s u rface a rea a n d  vo l u me of t h e  g iven  figure .  If yo u r  

a n swer i s  n o t  a n  i n teger, round t o  the n e a rest tenth . B e  sure t o  S H OW All WORK ! 

11. 

3 i n  

4 i n  

(2 ) 

12. 

8 i n  

Square 

13. 

1 2  i n  

3 i n  

Pyra mid 

h = 8 i n  

s = 1 0  i n  

7 1  



14. Right  C i rcula r Cy l i nder  

15. 

16 . Right C i rcu lar  Cone  

h = 2 0  in  

7 2  



EXTRA C REDIT QU ESTI O N :  

Calcu late the surface a rea a nd vol u m e  o f  the hexagonal  prism below: 

h = 5 . 2 i n  
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Appendix D - Exemplar Student Work 
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Student Exemplar - S ite Plan 

Student Exemplar - Floor Plan 
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Student Exemplar - 3 D  Scale Model of Classroom 

Student Exemplar - 3D Scale Model of Classroom 
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Student Exemplar - Proposal/Presentation 

team of award� winning scientists from around the world ,  connect 
adlTlllllstcr lessons in a fract ion of the time a nonnal school It 

of material. in under two hours with these helmets. 
teach�!fS. al lowing for school funds to be distributed r•!.;:,,•\:vht•t'r!t 
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Student Exemplar - Cost Analysis 
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Student Exemplar - Cost Analysis 
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