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ABSTRACT
	This research identifies pressing social and economic issues that can be addressed by the creation of a hands-on math class. This class is presented as a replacement of a traditional seventh and eighth grade math course.  With the assistance of industry professionals who help develop coursework, students are introduced to sustainable career and technical fields. Working with their minds as well as their hands, students are exposed to career paths in sustainability. 
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CHAPTER ONE: INTRODUCTION
In the late 1700’s, a child in John Heinrich Pestalozzi’s school challenged his teacher: “You want me to learn the word ladder, but you show me a picture. Wouldn’t it be better to look at the real ladder in the courtyard?” The frustrated teacher went to Pestalozzi, the Swiss pedagogue and educational reformer, who told her that whenever possible “children should learn from real objects, the real world, and the experiences it offers” (Bennett, 1926, p. 119). 
Educational theorists have echoed this sensible wisdom, yet it is lost in modern math and science programs where “artificial learning environments” are instead created (Stowe, 2006).  This research explores the feasibility of a hands-on math class that engages students with their curriculum to foster interest in sustainable careers. The roadmap for developing a hands-on math class for seventh and eighth graders is studied to predict how a class can be successful. The goal of such a course is to expose students to sustainable careers and technical fields they may not have encountered elsewhere in their life experiences. 
There is a strong need for increasing Career and Technical Education (CTE) so that America can meet the increasing demand for a skilled, professional Science, Technology, Engineering and Math (STEM) workforce. These fields, while not always appreciated in our society, are essential for our countries’ continued growth. Skilled trades and STEM professions can provide a substantial, meaningful way of life. In addition, learning with one’s hands is a more engaging and effective way to cover curriculum.
Only a generation ago, hands-on education was synonymous with wood shop and metal shop, also referred to as Industrial Arts education. With the decline of these classes in favor of technology education, hands-on and experiential learning has dwindled in America’s public schools. There are immense benefits to using the hands for education, and many philosophies support this idea. To revive these invaluable experiences, hands-on education will be combined instead with standardized math education, a vital element of all curricula. The class is the embodiment of these arguments and ideas. 
The term sustainability carries many ideologies that are often applied to the built environment, agriculture, and manufacturing. Defined by the Brundtland Commission of the United Nations: “sustainable development is development that meets the needs of the present without compromising the ability of future generations to meet their own needs” (World Commission on Environmental Development, 1987). This definition asserts that there are quantifiable, measurable bounds. But sustainability is also a call to action, a chance to make a better world socially, economically, and environmentally. This notion has been recognized by the United Nations when they declared a decade of education for sustainable development that aims to “challenge us all to adopt new behaviors and practices to secure our future” (Education for Sustainable Development, 2011).
This is not an argument for one profession’s superiority over another, but rather the encouragement of all students to experience multiple skilled trade and STEM career opportunities in an engaging manner. The research here investigates whether an experiential hands-on math class will be an effective means to expose students to career paths in sustainability. 


CHAPTER TWO: PRESSING SOCIAL AND ECONOMIC ISSUES
There are four issues at hand that currently sit in opposition to widespread adoption of a hands-on math class. Addressing each of them will highlight areas of opportunity for success. The issues that cover economic, social, educational, and professional concerns are as follows; lack of skilled trade professionals entering the workforce, negative perception of skilled and manual trades, decline of Industrial Arts programs, and a disconnect between schools and industry.
Lack of skilled trade professionals entering the workforce
During the current economic recession, the statistics coming out of the national job market and the U.S. Department of Labor are disheartening. Millions of American workers have been laid off since the great recession started, and many are unable to find new work (Isidore, 2010). Unemployment is historically high at nine percent and reaches all levels of the economic ladder (“Employment Situation Summary”, 2011). 
However, upon closer inspection of figures, an unusual paradox emerges. Underreported in the government’s standard employment data, employers are begging for qualified applicants for certain occupations, even in hard times. Most of the jobs involve skills that take years to attain (Uchitelle, 2009). There is actually such high demand for skilled labor that trade professionals who are experienced in manual crafts are able to pick and choose jobs at their discretion. American manufacturers are now having issues finding qualified workers.  Mike Rowe, host of television program Dirty Jobs testified before the Senate Commerce Committee in the spring of 2011 and said “…today, there are over 200,000 vacant positions in American manufacturing, 450,000 in trades, transportation, and utilities… The skills gap is real, and it’s getting wider…”
According to the U.S. Bureau of Labor Statistics, there will be more machinist jobs than skilled workers available over the next seven years, and “employers already have a hard time finding adequately skilled auto technicians and mechanics -- jobs expected to increase by about 110,000 by 2016” (Moses, 2009). Not only does the nation face an immediate skills shortage, but it will also be more apparent in the coming years. As Ratzenberg points out, with many of the current skilled professionals approaching retirement, the need is even more imperative to encourage students into career paths: 
More than 25 percent of the working population will reach retirement age by 2012, resulting in a potential shortage of nearly 10 million skilled workers ...The current shortage already sharply reduces the growth of U.S. gross domestic product, contributing to our overall economic problem. America’s infrastructure is falling apart before our eyes. Municipal water and sewer systems are failing, and more bridges are unsafe to cross. Yet the nationwide shortfall of more than 500,000 welders is causing already-funded repair projects to be canceled or delayed (Ratzenberger, 2010).
As referenced here by Ratzenberger, economic recovery is hampered by the inability for our largest industry to find qualified workers. These problems are only going to get worse with time, so it is time to address this issue head on and fill the skills gap. The solution to this issue is obvious: train more students in the trades, and encourage them to pursue CTE programs. However, the issues that follow will demonstrate why this is not a clear and simple solution. 
Negative Perception of Skilled Trades and CTE Programs
There is an adverse stigma associated with CTE and skilled manual trades such as plumbing, manufacturing, and construction (Brown, 2003). These career trades have “long been lumped together in the mind of the pundit class as ‘blue collar’ and their requiem is intoned” (Crawford, 2009, p. 3). The perception is that these careers are currently reserved for the troubled, unwise, and underprivileged students. 
Mike Rose writes in The Mind At Work that “it is as though in our cultural iconography we are given the muscled arm, sleeve rolled tight against biceps, but no thought bright behind the eye, no image that links hand and brain” (Rose, 2004, p. 2). Rose accurately captures the misplaced preconceptions society holds for those careers, where one is physically engaged in a trade profession. 
This negative perception can be mainly attributed to the period of time in which federal legislation shifted its focus on career training for the masses to occupational training and academic achievement with an emphasis on special needs students (Hayward, 1993). By supporting special needs and troubled students by placement within CTE and vocational programs, the notion became that all students along this track were of an inferior educational capacity, destined for “blue-collar” work. Crawford discusses this path:
The egalitarian worry that has always attended tracking students into “college prep” and vocational [education]” is overlaid with another: the fear that acquiring a specific skill set means that one’s life is determined (Crawford, 2009, p. 19).
Students, parents, and educators are often quick to judge a path for a student before he or she is adequately introduced to career options. A recent survey by RIDGID, a tool supplier, reveals that only six percent of high school students consider a future career in the skilled trades. According to the survey; 54% of the students surveyed believe there is a better future working in computers than working in skilled trades, 37% of believe working in an office is more respected than working with your hands, and 25% believe skilled trades jobs are old-fashioned (RIGID, 2011).
“The problem with kids not pursuing a career in the skilled trades is largely because they are not introduced to it,” said Mark Yochim, who is a licensed plumbing contractor (RIGID, 2011). There is an opportunity to bring new students into CTE fields by exposing them at an early age. 
More recently, this consensus has begun to show signs of cracking. In 2006 the Wall Street Journal posed the question of whether “…skilled labor is becoming one of the few sure paths to a good living…” (Cullen, 2006). As the issues addressed in this chapter become increasingly recognized, career and technology trades could prove to be a secure and respected choice of profession. 
Decline of Industrial Arts Courses
Industrial arts courses such as wood shop and metal shop have allowed students to learn with their hands as well as their heads. The courses grew out of the manual training movement in the late 1800s and rested on the belief that all students should learn to work with their hands as well as their minds (Gallinelli, 1979). Throughout the 20th century, the Industrial Arts also served to introduce students to the equipment and practices of an industrialized economy. This was sufficient to ensure a job capable of providing a comfortable standard of living. 
During the 1980s and 1990s, however, many schools began replacing Industrial Arts with technology education, which emphasizes the introduction of “high technology” of the information age to students (Levesque, 2003, p. 67). Around 1985, articles began to appear in education journals with titles such as “The Soaring Technology Revolution” and “Preparing Kids for High-Tech and the Global Future” (Crawford, 2009, p. 3).  The graph below illustrates the growth of technology education (Figure 1).
FIGURE 1: PERCENTAGE OF STUDENTS TAKING TECHNOLOGY COURSES[image: ] Figure 1: SOURCE: U.S. Department of Education, National Center for Education Statistics, High School and Beyond (HS&B) Sophomore Cohort, First Follow-up Survey and High School Transcript Study, 1982; National Education Longitudinal Study of 1988 (NELS:88), Second Follow-up Survey and High School Transcript Study, 1992; and High School Transcript Studies (HSTS), 1990, 1994, and 1998.

The rapid shift in this educational movement was between 1982 and 1994 when Industrial Arts courses declined while technology education courses increased (Levesque, 2003, p. 68). Within two decades, technology education courses quickly displaced hands-on environments within the Industrial Arts.  According to the California Industrial and Technology Education Association, “three-quarters of high school programs have disappeared since the early 1980s” (“Rebuilding Shop Classes in U.S. High Schools”, 2006).
FIGURE 2: AVERAGE NUMBER OF CREDITS EARNED IN TECHNOLOGY COURSES
[image: ]Figure 2: SOURCE: U.S. Department of Education, National Center for Education Statistics, High School and Beyond (HS&B) Sophomore Cohort, First Follow-up Survey and High School Transcript Study, 1982; National Education Longitudinal Study of 1988 (NELS:88), Second Follow-up Survey and High School Transcript Study, 1992; and High School Transcript Studies (HSTS), 1990, 1994, and 1998.
This graph illustrates the number of credits students have taken in the Industrial Arts versus technology education. This sudden shift has left American schools void of hands-on learning experiences, an issue this proposed course is aiming to solve.
Disconnect Between Schools and Industry
The final issue that a hands-on math class seeks to address is the lack of connection between current school curriculum and industry career professions. According to Jim Aschwanden, executive director of the California Agricultural Teachers Association, America now has “…a generation of students that can answer questions on standardized tests, know factoids, but they can’t do anything” (“Rebuilding Shop Classes in U.S. High Schools”, 2006). When discussing the current state of the educational system, Sandra Harwell writes:
A keen observer would notice that the most common teaching methods used in high schools today are the same methods that have been used in countless high schools throughout the past 50 years -- hardly the learning strategies graduates will find themselves using as adults to keep abreast of changes in the high-tech workplace and in their adult lives (Harwell, 1997).
Educational administrators are likely aware of these issues, yet the rewards for schools are based on standardized test results. In 2010, Pennsylvania became one of over 48 states that have adopted national core standards for Math and English based on the Common Core State Standards (Mahon, 2010). This adoption means there are now benchmarks to compare academic success in Math and English with other schools. Schools will plainly see their rank among their peers, their rank at the state level, and even at the national level. 
In addition, “states are competing for more than $4 billion in federal funding as part of the Race to the Top incentive program. In March, the U.S. Department of Education awarded $100 million to Delaware and $500 million to Tennessee” (Mahon, 2010). When there are monetary rewards for the schools that perform highest on standardized tests, healthy motivation for schools and states is created. Yet all of the attention paid to this type of testing loses focus of the ultimate goal of our educational system. Betsy Brand writes about this oversight:
The overall purpose of education is to ensure that the United States has a skilled workforce and engaged citizenry to keep our nation, economy, communities, and families healthy and productive. However, this broader mission is often lost in debates on education and school reform that focus primarily on getting students to pass a certain test or gain entrance into Ivy League colleges (Brand, 2008). 
Crawford felt the same way and remarked, “any high school principal who doesn’t claim his goal is ‘one hundred percent college attendance’ is likely to be accused of harboring low expectations and run out of town by indignant parents” (Crawford, 2009, p. 24).  Educational professionals find it challenging to substantiate the effectiveness of hands-on curriculum when all eyes and ears are focused on test results. 

CHAPTER 3: HISTORY OF HANDS-ON EDUCATION
Aristotle once wrote "for the things we have to learn before we can do them, we learn by doing them, …men become builders by building” (Brown, 23). Clear and concise, yet this quote by Aristotle is not how the current education system works. Reviewing the past leaders of the experiential education movement helps to identify philosophies that are still relevant today.  Hands-on education is experiential education; the two terms are essentially interchangeable meaning a “…philosophy of education that describes the process that occurs between a teacher and student that infuses direct experience with the learning environment and content” (Itin, 1999, p. 92). Within this research, the term hands-on education will be used when describing the class and experiential education will be used when describing the teaching methods. 
John Dewey
Modern experiential education has a long history, primarily starting with the work of John Dewey in the early 1900’s.  In the 1920’s, Dewey became known as the father of modern experiential learning for pointing out that “authoritarian, strict, pre-ordained knowledge approach of modern traditional education was too concerned with delivering knowledge, and not enough with understanding student’s actual experiences” (Neill, 2005). Dewey believed that each student is different, and those differences must be taken into account by teachers. When a standard curriculum is presented to students, each will have a different quality of experience. Thus, teaching and coursework must be designed in ways that account for these differences.  
Dewey also believed that education had a broader social purpose to help people to become more active participants of a democratic society. His argument was that the strict delivery style of traditional education does not provide a good model for living. Instead, students need educational experiences that “enable them to become valuable, equal, and responsible members of society” (Neil). 
Dewey proposed that education be designed on the basis of a theory of experience, which rested on two essential principles; continuity and interaction. Continuity refers to the notion that students are affected by experience, and that they learn from every experience they encounter. The accumulated knowledge from each experience affects all potential future experiences. Interaction expands upon the lessons learned in continuity and explains how “past experience interacts with the present situation” to create a present experience (Neil). This demonstrates how some students may comprehend the same math lesson in two very different ways. In addition, the knowledge helps educators understand why students act the way they do, and how they can change current experiences to provide better quality education that is more relevant and meaningful for the students. 
After Dewey, there were a few decades where experiential learning went into remission before being highlighted again in the 60’s and 70’s by the work of many psychologists and educators who believed experience to be a valuable addition to lecture. Among these contributors are: Piaget, the great pioneer of the constructivist theory of knowing; Chickering, who developed seven vectors that contribute to a person’s sense of identity; Bloom, who contributed to the theory of mastery-learning; and Freire, who emphasized the need to provide native populations with modern education (Craig, 2011). Today, many schools and educators have expanded upon experiential education in their own philosophies. 
Rudolf Steiner
At the same time as Dewey’s work in the early 1900’s, Rudolph Steiner was working on his own educational philosophy in Austria. Steiner believed that education should be designed to meet the changing needs of a child as they develop physically, mentally, and emotionally. He believed education should help children fulfill their full potential in whatever it may be, and not always be urging them towards the goals set out by adults, family, or society deemed desirable. 
	Steiner schools, called Waldorf Schools, have a very well organized educational approach and include specific curriculum requirements for history, geography, mathematics, languages, literature, science, and handwork. Rudolph Steiner recommended that children be able to concentrate on one subject at a time in depth so they are enthusiastic about the material being covered (Lewis, 2001).  
Today, there are over 800 Waldorf schools in Europe, North America, Australia, and New Zealand (Lewis). The long-term success of this educational movement is a testament to Steiner’s passion for student engagement and development. 
While John Dewey and Rudolph Steiner were very different in their educational approaches, their goals about student development and understanding are parallel. When a teacher provides personalized attention and experiences, the student will have a better learning experience and will mature into a better person.  


CHAPTER 4: STUDIES THAT SUPPORT HANDS ON LEARNING
NRCCTE Math-in-CTE Study
The National Research Center for Career and Technical Education (NRCCTE) has led the campaign for math education within CTE. The NRCCTE is a research center working to improve career and technical education in the United States. The center works to advance engagement and achievement of all CTE students through technical assistance, professional development for practitioners, and distribution of knowledge derived from new research. NRCCTE has advocated for Math-in-CTE and has led efforts into researching curriculum integration methods.
In 2005, NRCCTE concluded a study that tested a model of curriculum integration to improve the CTE student’s mathematical understanding.  The process provided an opportunity for math and CTE teachers to work together in communities of practice to identify where math intersects with CTE concepts and applications. This process led to the creation of math-enhanced CTE lessons that follow a seven-element pedagogic framework, detailed below. The Math-in-CTE model has been shown to significantly impact student learning in mathematics with no negative effect to CTE content understanding (Stone, 2006, p. xi).
CTE teachers were drawn from agriculture, auto technology, engineering, business, and information technology and then paired with math teachers from their local school, district, or community. CTE-math teacher teams were brought together for ten days of extended professional development over the course of an academic year to learn the process and pedagogy of the Math-in-CTE model developed by NRCCTE. A total of 136 CTE teachers and over 3,000 students participated in the study. This total was broken into a control and a study group, with 57 teachers in the experimental group and 74 in the control group. Random assignment of the math-enhanced curriculum was conducted at the teachers’ classroom level rather than at the individual student level, which allowed unbiased comparisons of the experimental and control group performance. 
The NRCCTE Math-in-CTE model involves a seven-step pedagogy that is built on theories of contextual learning and transfer and was created to guide the development and instruction of math-enhanced CTE lesson plans. The mathematics taught in CTE courses are designed to arise directly out of occupational context rather than be forced into it. This framework was labeled the “Seven Elements of a Math-Enhanced CTE Lesson” (Figures 3A, 3B). 

FIGURE 3A: SEVEN ELEMENTS OF A MATH-ENHANCED CTE LESSON
	1. Introduce the CTE lesson.
· Explain the CTE lesson.
· Identify, discuss, point out, or pull out the math embedded in the CTE lesson. 
2. Assess students’ math awareness as it relates to the CTE lesson.
· As you assess, introduce math vocabulary through the math example embedded in the CTE.
· Employ a variety of methods and techniques for assessing awareness of all students, e.g., questioning, worksheets, group learning activities, etc.
3. Work through the math example embedded in the CTE lesson.
· Work through the steps/processes of the embedded math example.
· Bridge the CTE and math language. The transition from CTE to math vocabulary should be gradual throughout the lesson, being sure never to abandon completely either set of vocabulary once it is introduced.
4. Work through related, contextual math-in-CTE examples. Using the same math concept embedded in the CTE lesson:
· Work through similar problems/examples in the same occupational context.
· Use examples with varying levels of difficulty; order examples from basic to advanced.
· Continue to bridge CTE and math vocabulary.
· Check for understanding.
5. Work through traditional math examples. Using the same math concept as in the embedded and related, contextual examples: 
· Work through traditional math examples as they may appear on tests.
· Move from basic to advanced examples.
· Continue to bridge CTE and math vocabulary.
· Check for understanding.
6. Students demonstrate their understanding.
· Provide students opportunities for demonstrating their understanding of the math concepts embedded in the CTE lesson.
· Conclude the math examples back to the CTE content; conclude the lesson on the topic of CTE.
7. Formal assessment.
· Incorporate math questions into formal assessments at the end of the CTE unit/course.
Source: NRCCTE


FIGURE 3B: SEVEN ELEMENTS OF A MATH-ENHANCED CTE LESSON [image: ]
Figures 3A, 3B. The National Research Center model: The “7 Elements” of a math-enhanced lesson. 
After a full year of exposure to math-enhanced lessons, students in the experimental classrooms performed significantly higher on two of three math posttests administered, the TerraNova and the Accuplacer. 
For the TerraNova analysis, 136 classrooms were used which represented 591 students. An average student from a control classroom would answer 45% of the TerraNova items correctly (see Figure 4). A comparable student from the experimental group would answer 49% of the items correctly (Stone, 2006, p. 47). 
	[image: Macintosh HD:Users:David:Desktop:Screen shot 2011-08-22 at 11.02.51 PM.png]
A four percent increase in test scores for the experimental group equates to an eight percent increase compared to the control group (Stone, p. 49). Such an increase in TerraNova scores is quite substantial from an educational standpoint.
FIGURE 4: AVERAGE POST-TEST SCORED FOR MATH-IN-CTE STUDY [image: ]FIgure 4: Average Post-Tests Percentage Correct for Experimental and Control Classes 
For the Accuplacer analysis, 129 classrooms were used representing 571 students. A classroom in the control group with average scores on the pretest would have a mean Accuplacer posttest score of 39% (see Figure 3). For a class in the experimental group, the posttest score averaged 42% (Stone, p. 48).
	 [image: Macintosh HD:Users:David:Desktop:Screen shot 2011-08-22 at 11.03.55 PM.png]
Again, answering three percent more of the answers correctly equates to a seven percent increase in scores compared to the control group.
In the third posttest that was given, the WorkKeys, 126 classrooms representing 536 students were used. The average improvement of the experimental class was only one percent increase in test items, which was not enough to be considered statistically significant (Stone, p. 49).
Feedback from CTE and math teachers provided valuable insights into the challenges of trying new teaching methods.  Math classes in particular seem to get the brunt of the experimental exercises, said one math teacher involved in the study:
Ever since I have been in education, all I’ve heard is integration this, integration that…in this study, the math teachers and those of us in career and technical education realize this is true integration. None of us had seen it done (Stone, p. 55).
Another teacher shared his thoughts on how students viewed them:
I think this built the credibility of the math teacher…a lot of times in the school...the math teachers are looked at like the slave drivers who are just business-like all the time. And that broke that down a bit for both the technical teachers and for the kids, because the kids saw the technical teacher looking to me for assistance...and they were kind of like, “Hey, he thinks that she’s OK. And if he thinks that she can help him out, then maybe she can help me…(Stone, p. 56).

This curriculum development approach holds great promise for substantially increasing math students’ comprehension without negatively affecting their ability to learn career skills. To determine how to move the Math-in-CTE model from a successful experiment to common practice in CTE classrooms, NRCCTE collected various kinds of data about the intervention in this math-enhanced lesson (Alfeld, 2007, p. 16). 
The teachers who participated in the focus groups at the conclusion of the study were particularly helpful in identifying what worked and what did not. Drawing from multiple sources, the following five core principles were identified by NRCCTE; Develop and sustain a community of practice, Begin with the CTE curriculum and not the math curriculum, Understand that math is an essential workplace skill, Maximize the math in the CTE curriculum, and lastly, Recognize that CTE teachers are teachers of Math-in-CTE and not math teachers (Alfeld, 2007, p. 17).
The conclusions from this study echo the argument that CTE and traditional math education can work together to give students a more substantial learning experience. Student engagement and contextual application of math skills have proven to be more effective than the existing form of abstract-only math education. This model outlined by NRCCTE and developed by local CTE teacher and math teachers can undoubtedly be transferred into hands-on math classes around the country.
Purdue University Water Engineering Study
According to a study conducted at Purdue University, the best way to get students interested in engineering and technology at an early age is to focus on hands-on interactive problem-solving design projects as opposed to textbooks (Riskowski, 2009).  The study looked at whether participating in an engineering design module helped students learn and retain more information. In addition, the study sought to determine if the effectiveness of such module integration differed depending on gender, race/ethnicity, and socioeconomic class. 
	Melissa Dark, Assistant Dean for Strategic Planning in the College of Technology at Purdue, led the project entitled “Exploring the Effectiveness of an Interdisciplinary Water Resources Engineering Module in an Eighth Grade Science Course.” The research was conducted with eighth-graders studying the impacts on water and water quality, as outlined in the standard Indiana State Science Curriculum. Half of the students were taught using traditional textbook-only methods, and half were given the assignment to build a water purification device that demonstrated their grasps of the concepts. Melissa Dark, Assistant Dean for Strategic Planning, spoke about how the students responded:
In every area we tested, the students who were involved in a hands-on project learned more and demonstrated a deeper understanding of the issues than the traditional group ...This is a significant finding because it proves that with some students — especially groups traditionally underrepresented in science and engineering — the book-and-lecture format may not be the best way to engage students in learning (Medaris, 2009).

	The study consisted of 126 eighth graders from ten different science classes and was conducted in a racially diverse Indiana middle school. Five science classes were taught through traditional coursework — textbook readings, lectures and tests with a small project — and the other five classes were charged with designing a working water purification device. Although both groups used the same textbook, less than ten percent of the total classroom time in the design group was devoted to lecture-based teaching.

	To evaluate their knowledge of the subject, both groups of students were tested before the water unit was taught. Students were tested again at the conclusion of the unit to assess how well they learned the concepts presented. The results showed that the students who built the purification device had higher scores and a much higher degree of improvement than the traditionally taught students on both true/false and open-ended questions regarding water purification and water quality (Figure 5).

FIGURE 5: COMBINED SCIENCE AND ENGINEERING EVALUATION SCORES

[image: ]
Figure 5: Graphs representing the changes in student evaluation scores based on classroom (control vs. treatment) showing the differences in gains by the student demographic groups.
* p value < 0.05 between pre- and post-evaluation scores 
T p value < 0.05 between post-evaluations scores in the control and treatment classes

	Researchers discovered that all students achieved high levels of improvement; there was no difference based on grades, race and ethnicity, socio-economic status and gender. Using the data, it was concluded that the use of engineering modules enhances understanding of science for a wide range of students. Melissa Dark continued:
Further study is needed, but this is an exciting first step in proving the value of engineering/technology design modules in the classroom ...As a nation, we want to increase engineering and technology education in K-12 and also improve students' critical thinking skills, which we showed can be done though creative, hands-on design projects (Medaris, 2009).
	Middle school lays the foundation for high school coursework, setting up students for success in higher education studies in STEM disciplines. Therefore, exposing students to engineering modules and nurturing student creativity in such activities facilitates a deepening of their knowledge as well as providing meaningful experiences that promote career fields. Both of the studies outlined here clearly demonstrate significant improvements in comprehension and understanding of subject matter. It is evident that a hands-on math class would be expected to have similar effects on the students. 


CHAPTER 5: EXISTING EXPEDITIONARY AND CTE PROGRAMS
A review of existing expeditionary and Career-Technology programs will provide a roadmap for best practices and lessons learned for the proposed hands-on math class. Outlined below are examples of outstanding programs that are engaging students’ minds and hands.
West Philadelphia’s Hybrid X Team
The West Philly Hybrid X Team is an after-school program at the West Philadelphia Auto Academy focused on building electric and hybrid cars. The West Philadelphia High School’s team has built and designed vehicles over the past ten years that employ existing technology in innovative ways to achieve ultra-low carbon emissions and ultra-high fuel efficiency (“Hands-on Education”, 2011). Since competing on the national level, they have gained recognition for their efforts. What makes the Hybrid X Team unique is their ability to compete and produce at a national level while being from an area plagued by high dropout rates.
Simon Hauger is the team director and founder of the after-school program that consists of 15 students, mostly 11th- and 12th-graders, and five instructors. Hauger came to the academy a decade ago with the intentions of teaching math and science to college-bound students. Working instead with vocational technical students, he soon realized that people learn in different ways and not everyone is destined for college. It was then he looked for new ways to engage the students and the teachers and created the after-school program (Stabert, 2010, p. 16). Since then, the program has gained local and then regional attention, culminating in last year’s Progressive Insurance Automotive X Prize (PIAXP) competition where they were the only high school team to compete. While they didn’t win, they faced off against larger teams like MIT and Tesla, and made it to the second round of competition being one of the final 22 teams. Simon Hauger said:
From an educational standpoint, we try to frame out a problem with the kids.  There’s just so much rich learning to be done in a project like this…when you engage kids’ creativity and curiosity to solve real problems—it doesn’t have to be electric cars; it could be designing green roofs or emission-free water heaters or cleaning up the waterways—the learning is real. We’ve learned a lot about what good education looks like” (Stabert, p. 17).
[bookmark: _GoBack]Despite their success, the accolades and attention are no match to the experience and satisfaction these students gain. The graduation rate at West Philadelphia High School is 50-percent (Stabert, p. 17), yet the students from the after school program are successful academically and many go on to postsecondary institutions like Pennsylvania State University and Drexel University.  President Obama discussed the West Philly team’s success in a September 2010 speech about science and technology education: 
They certainly didn't have every advantage in life. What they had was a program that challenged them to solve problems and to work together, to learn and build and create. And that's the kind of spirit and ingenuity that we have to foster (Beeler, 2011).
West Philly Hybrid X team is a textbook example where hands-on teaching led by an innovative instructor can lead students to realize their full potential.  This is another case where a tangible link between the classroom and career options keeps students engaged and passionate about learning.
The Academy For Career Education (ACE) High School
The Academy For Career Education (ACE) High School is a charter school located in Reno, NV that teaches Construction, Engineering, Computer-Aided Design and Drafting (CADD), and Diesel Equipment Technology.  ACE is different than other schools because it uses a research-based method of teaching that is more hands-on than the typical high school. ACE focuses on infusing methods applicable to careers into the standard curriculum, teaching students how to use the skills they are learning in the real world. For example, students learn how to best utilize a specified amount of space in a room, building or yard, rather than simply learning how to calculate the area of a circle.
ACE partners with local industry professionals to give students real world challenges. Core competencies such as math, science, and writing are taught within each unique career program — allowing full integration of coursework with the trades.  Courses also count for college credit. More than half of all ACE students graduate with college credit, resulting in the student taking only one year to earn an associate’s degree – only half the time it normally takes. The most popular majors for students who go on to post-secondary education are construction management or civil, mechanical and industrial engineering.
ACE is well known for its ability to produce top talent. Students enter in state and national SkillsUSA competitions that showcase the best and brightest career and technical students. In 2008 for example, students received five gold medals, eight silver and five bronzes for their involvement. With many northern Nevada professionals working with ACE, they are able to recruit interns, apprentices, and entry-level employees directly from the school rather than opening the job positions to the public. Additionally “more than 60 percent of ACE graduates in 2008 were employed at the time of graduation” (“Today's Students,” 2011).
ACE is one example where a belief in hands-on, career integration is at the core of the curriculum. What helps ACE achieve success is the local industry professional integration that creates practical, applicable coursework. While this connection is not absolutely unique to ACE High School in Nevada, it is one of a handful of career technology programs that integrates it well. This successful professional connection is to be replicated in the hands-on math class.
Outward Bound
	Outward Bound is an educational organization and outdoor leadership program that operates around the world. Outward Bound serves youths, teens, and adults with expeditions including hiking adventures and experiential programs in schools, parks, and company offices. The program’s goal is to encourage students to realize that they can do more than they thought possible and to build interpersonal skills along the way. 
	Educator Dr. Kurt Hahn created the first Outward Bound program in Wales in 1941. The idea rose out of need to give younger merchant seamen life experiences so that they could respond appropriately in demanding wartime challenges. Hahn's philosophy was based on helping young students “discover their true capabilities by impelling them into experiences that would help them to find their greater capacities” (Neil, 2004). The Outward Bound experiment proved successful and helped to foster many outdoor educational programs around the world. 
	Through adventure trips outside the classroom, Outward Bound has transformed many lives. For example, Donnell Tribble, a 15-year-old student from the Bronx, upon return from a camping adventure in New York, said "I've gotten so close with the people in my crew that we're almost like a family…It gets you more involved in school. It makes you want to come to school. It makes school more fun” (Herszenhorn, 2006). Similarly, Sarah Andrew went on a trip as a 26-year old teacher and responded “[the adventure] was life-changing…it gave me a tremendous amount of self-confidence I carried with me into my professional life” (Green, 2008).
	Outward Bound exemplifies how students can become empowered when challenged outside of the classroom. The ability to bring students together and build confidence should be replicated wherever possible. 
Summary
	After reviewing West Philly Hybrid X, ACE, and Outward Bound, it is apparent that hands-on education takes many forms. West Philly X is a model for engagement and bringing students to new educational heights. ACE high school shows that a curriculum integrated with industry professionals creates a path for students to make the transition into the workforce. Lastly, Outward Bound shows how expeditionary learning and out-of-the-classroom adventures build character development and interpersonal skills. On top of these, there are many additional programs and initiatives that are teaching students in non-traditional ways, each with their own lessons to teach. 
	Still, a program has yet to be created that is designed as a math substitute and can immediately fit into a national educational standard like the Common Core State Standards. This leaves the door open for a hands-on math course.  Proposed in the next chapter is the class that can fill this void by using the best practices learned from current expeditionary and CTE programs. 


CHAPTER 6: THE HANDS-ON MATH CLASS
After studying existing programs that have different approaches to hands-on education, the groundwork is placed for the hands-on math class curriculum. The proposed course’s goal is to connect students to sustainable careers in the trades and STEM fields. In a way, this class encourages students to engage with and consider “green-collar jobs”. According to Phil Angelides, the chair of the Apollo Alliance (a coalition of business, labor and environmental groups championing green employment):
A green-collar job can be anything that helps put America on the path to a cleaner, more energy efficient future. That means jobs in the public transit sector, jobs in green building, jobs in energy efficiency — even traditional, blue-collar manufacturing jobs, provided what you're making is more or less green (Walsh, 2008).
Infrastructure development, commercial and residential construction, and technology jobs all play a role in creating a more efficient, sustainable, and secure United States economy. The career professionals the teacher chooses to work with should be considered “green” or aid in the efforts of sustainable initiatives. For example, the class assignment designed here will introduce students to a LEED project and a “green building”.
The curriculum proposed would be a nine-week (one semester) course that follows the timeline of a traditional math class.  The presumed setting for this course is in the state of Pennsylvania. As of July 1st, 2010 the PA State Board of Education adopted the Common Core State Standards (CCSS) in English, Math, and the Arts. Pennsylvania is one of 48 states now using the same standards, which establish a clear and consistent understanding of what students are expected to learn.  The Common Core State Standards are internationally benchmarked and are designed to reflect the knowledge and skills that students need to succeed in college and career. Using a standard that is applied to 48 of the 50 states, this course will have a higher application and can be used in schools nationwide. 
Curriculum Requirements
	Pre-high school years of seventh and eighth grade focus on a combination of abstract and concrete math concepts.  Areas of study are organized by math concepts that are built upon in each grade level; Ration and Proportional Relations (RP), The Number System (NS), Expressions and Equations (EE), Geometry (G), and Statistics and Probability (SP).
According to the Common Core State Standards, the areas of math study for seventh and eighth grade are as follows:
In seventh grade, instructional time should focus on four critical areas: 
1. Developing understanding of and applying proportional relationships; 
2. Developing understanding of operations with rational numbers and working with expressions and linear equations; 
3. Solving problems involving scale drawings and informal geometric constructions, and working with two- and three-dimensional shapes to solve problems involving area, surface area, and volume; and 
4. Drawing inferences about populations based on samples.
In eighth grade, instructional time should focus on three critical areas: 
1. Formulating and reasoning about expressions and equations, including modeling an association in bivariate data with a linear equation, and solving linear equations and systems of linear equations; 
2. Grasping the concept of a function and using functions to describe quantitative relationships; 
3. Analyzing two- and three-dimensional space and figures using distance, angle, similarity, and congruence, and understanding and applying the Pythagorean theorem.
The majority of the required curriculum can be easily adapted into tangible, applicable projects that will be demonstrated in this course. Yet some abstract concepts like expressions and algebraic equations are more challenging, and may need to be taught in a supplemental, traditional math course. 
Course Overview
	The nine-week, hands-on math class entitled Math in Sustainable Career Paths will allow students to apply core math concepts to career fields via connections with industry professionals. Students will be given projects that are real-world examples of current physical tasks, and will work through them using their math curricula. The objective is to create pathways that can be honed year after year and allow the partnership between the math teacher and the industry professional to change and develop over the years. The course will introduce students to the following career themes.  
1. Engineering Infrastructure
Development and maintenance of highways, bridges, tunnels, rail lines, and other large-scale projects. 
Sample industry connection: Geotechnical engineer who shows students how to take boring samples of a site.

2. Construction Efficiency
Design and construction of commercial and residential buildings, learning about “sustainable” and efficient methods.
Sample industry connection: Project manager takes students to mid-construction of a large building to calculate finishing costs.

3. Technical Specialty
Renewable Energy such as Solar and Wind, Smart-grid networks, and other fields that are fast-paced, technology driven. 
Sample industry connection: Solar panel installer shows students how to calculate solar arrays and output capacity.

Class Schedule
	The schedule for the class is broken into a nine-week semester. The career themes are taught in two-week segments to allow for proper introduction to the field and full understanding of the hands-on lesson. During these two-week segments, the students will visit with the industry professional at the site to gain information about the task at hand. When visiting the field, safety of the students will be a high consideration. The industry professional will also ensure a safe and accessible location at the site to gather information. The semester schedule is as follows:
Week 1: Introduction
Week 2: Engineering Infrastructure
Week 3: Engineering Infrastructure
Week 4: Construction Efficiency
Week 5: Construction Efficiency
Week 6: Technical Specialty
Week 7: Technical Specialty
Week 8: Review
Week 9: Final Examination

Sample Assignment
	The following assignment takes place in the second week of the hands-on math course. Students begin the Engineering Infrastructure portion of the class when they are introduced to the industry professional, in this case a Geotechnical Engineer. The math teacher and the industry professional have planned out exercises for the students that allow them to combine the math curriculum and the application of the career field. After students visit with the industry professional in the field, they return to the classroom setting to execute the calculations.

Sample Hands-On Math Assignment
Objective: 			Design foundation system for an energy efficient 					high-rise building building.
STEM Professional:	Students will meet with a Geotechnical Engineer. Trip will be to a job site that is currently being surveyed to test for structural ability.
Given Information: 	Building lot size = 200 ft long x 200 ft wide
Building height = 100 ft tall
Total Building load = 220,000,000 lbs.
[image: ]
Foundation system = We will be supporting the building using deep foundations called “drilled piers”.  We drill circular holes into the ground, remove the soil, replace it with concrete, and put a reinforcing steel rebar cage inside the concrete before it hardens.  Because the soils are expected to be too soft to support our building load, the piers need to go deep underground and rest on top of hard rock. 

Image Source: Reese, L.C ad O’Neil, M.W.  “Drilled Shafts: Construction Procedures and Design Methods.” Prepared for FHWA. Report No. FHWA-IF-99-025. August, 1999.



Sample Hands-On Math Assignment
Lesson 1:  Subsurface Investigation Plan
We need to know what we are constructing this building on, and we need a glimpse of what the underground soil and rock looks like.   We use soil “borings” to determine this:  we “bore” a 2.5-inch diameter hole in the ground to a certain depth, collect soil samples (or “cores”), and run laboratory tests to determine strength.
Q1.  We need at least 1 boring every 50 feet.  What is the minimum number of borings we need on this lot?  Assume a 50-ft radius to calculate area represented by each boring (recall that the area of a circle  = π/4*D2) .  Round up to a whole number.  
Q2.  Each boring must extend a total of 150 feet below ground surface.  Given the number of borings computed in Q1, how many linear feet (LF) of borings do we need?
Q3.  The cost of borings is $30/LF.  How much will the subsurface borings cost?
BONUS.  What volume (as a percentage) of the ground are we actually sampling with our borings?  Use the formula below.  Watch your units!


Sample Hands-On Math Assignment
Lesson 2: Lab Testing
Boring log information shows that average rock depth is 100 feet.  We need to determine rock strength in the lab so we know how much load the rock can support.  We determine rock strength by performing compression tests on rock samples; we add more and more force (load) until it breaks.   Rock strength is called Compressive Strength and is measured in units of “Stress” (Force per Area).  
Q1.  Figure 1 shows compression test results.  Make a table with 3 columns that shows: (1) Sample name, (2) Maximum load (called “load at failure”), and (3) Strain at Failure (the strain at Maximum Load).  Then calculate the average load at failure.    (Assume average load at failure is 13,635.4lbs)
Q2.  The cross-sectional diameter of the soil sample is 2.5 inches.  Using the average load calculated in Q1, what is the Compressive Strength of the rock?  Use the formula:
 		where:       qu = compressive strength
 P   = load at failure
 A   = sample cross-sectional area  = 


Sample Hands-On Math Assignment
Lesson 3: Foundation Sizing
Q1.  What is the ultimate capacity of a single pier that is 48-inch diameter?  Use the formula:

Q2.  What is the ultimate capacity of a single pier that is 60-inch diameter?  Use the same formula in Q1.
Q3.  In design, we use a “factor of safety” because rock and soil are natural materials and can be very different from one place to another.  The factor of safety is used to reduce the amount of load we can allow on each pier, just in case the rock is weaker than we expect.  This is the formula: 

What is the Allowable Capacity  (Qallow) for both 48-inch and 60-inch diameter piers?  Use the above formula.




Sample Hands-On Math Assignment
Lesson 4: Construction Cost Estimate
The client wants to use the least expensive option for the building foundation.  
Q1.    How many 48-inch piers would be required to support the building load?  Use the formula:

Q2.   How many 60-inch piers would be required to support the building load?  Use the same formula in Q1.
Q3.   What is the total cost of the foundation system using either 48-inch piers or 60-inch piers?  The unit cost for a 48-inch pier is $200/LF.  The unit cost for a 60-inch pier is  $280/LF.  Use the formula below.  Pier length is 100 feet for both types of piers (depth to rock).




CHAPTER 7: IMPLEMENTATION
The next step towards implementing a hands-on math class is to show parents and school administration the benefits of the course. Through the use of an educational Web site and marketing campaign, these parties will be able to learn more about what experiential learning is and how it applies to math. Additionally, sustainable and “green jobs” in the skilled trades and STEM careers are to be promoted as the best way to connect the students and industry.
	Today, marketing campaigns are already promoting the skilled trades, STEM fields, and sustainable careers. A prime example is the Go Build Alabama campaign created by the Alabama Construction Recruitment Institute (ACRI) that is promoting the skilled jobs as a viable alternative to four-year degrees (Berman, 2010). A similar campaign for the development and implementation of a hands-on math initiative is essential for starting the course outlined in this text. This campaign, called “Experiencing Math, Experiencing Careers” encourages parents and administrators to a Web site that has more information and a call to action.
	Parents and guardians are directed towards a Web site that speaks to them about their concerns. It will explain to them that this hands-on math class is designed for their middle-school student and will take place in and out of the classroom over the course of a traditional semester. The main points of the Web site will recount the arguments and case studies presented here, such as the need for skilled labor, the negative perception, the proof that hands-on education leads to higher understanding, and a review of successful programs in existence today. More importantly, there will be a call to action that urges the parent to contact his/her school administration and request the implementation of this class.
	Similarly, school administrators will be targeted with a similar Web site that addresses their unique concerns. Case studies and programs that explore the standardized testing vs. experiential learning will inform them of the current educational landscape. There are three goals and calls to action for this site. First, the goal is to encourage conversation within the faculty about how this course can gain a foothold. Second, school administrators will be connected with a network of local and national industries and fields that are able to assist with the development of this class. Last, a communication channel will be opened up among other schools that are taking the same first steps. This open forum will encourage schools to move forward and to allow the best ideas for implementation to rise to the top. Together a marketing campaign and an informative, action-oriented Web site can bring the concept of a hands-on math class from the drawing board to reality. 


CHAPTER 8: CONCLUSION
The conclusion can be drawn that the implementation of a hands-on math class can be instrumental in addressing the social and economical issues that stymie career and technical education and STEM careers. To achieve a successful class structure, close attention must be paid to the studies that have been conducted and a thorough review of existing programs. NRCCTE’s seven-step pedagogy provides a strong framework for the design of math-enhanced CTE lessons. Additionally, the five principles recommended by the CTE teachers and math teachers provide methods to consider when creating a class of this nature.  With expertise from math teachers and dedicated industry connections, it is not uncharted territory. The examples outlined here prove to work and improve student understanding of material.
	Some of the most successful hands-on learning programs in the nation have been outlined here, but there are many more that have powerful lessons to teach. This is where the online Web site that promotes this class will be able to keep up with emerging programs and recommended strategies. 
	In closing, the need for a hands-on math class is designed to target and resolve the issues addressed in Chapter One. By replacing the traditional, abstract way of learning math in America’s schools, the door is opened for a course that can engage students as successfully as the existing programs covered in Chapter Five. Exposing students to sustainable CTE programs and STEM careers at this age may appear to be far-fetched, but after careful examination of the benefits and possibilities, it may just be the smartest thing the nation can do to ensure its future. 
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