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Developing and Implementing an

Integrated, Problem-Based Engineering Technology Curriculum

“We all learn best from colleagues and peers in collaborative contexts.  There are powerful untapped resources for change among our teachers.  Given the time to learn and to share what they know, freed of bureaucratic or organizational obstacles, teachers–the Voices of Excellence–can lead the way.”
 

 “Building organizations where people continually expand their capabilities to understand complexity, clarify vision, and improve shared mental models…leads to team learning.”

The South Carolina Advanced Technological Center of Excellence project's original vision statement helped lead the way for major systemic reform: The vision of South Carolina’s sixteen-member Technical College System is to be a national leader in the formation of a learning community dedicated to the preparation of a well-educated and capable workforce, which can sustain the economic viability of this nation. The association will constitute a community of partners in employment and education dedicated to reconstructing technological education in a way that leverages the assets of each partner to maximize human resource development. Initial collaboration will focus on becoming a Center of Excellence for Advanced Technological 

Education (ATE) by re-engineering technician education in recognition of an increasingly diverse student population and in response to contemporary and future requirements for employment in the worldwide economy. The ATE initiative will serve as a catalyst for systemic and on-going reform in postsecondary education and will establish a permanent association of South Carolina’s technical colleges with employers, governmental agencies, public schools, and other institutions of higher education.

Introduction

The overarching mission of the South Carolina Advanced Technological Center of Excellence (SC ATE) is to establish a model for postsecondary reform of science, mathematics, engineering technology and communications education which simultaneously focuses on faculty 

development, curriculum reform and program improvement in engineering technician education to increase the quantity, quality and diversity of students graduating from associate degree (two-year degree) engineering technology programs. The need for both faculty and curriculum reform was readily apparent. The number of students enrolling and graduating from engineering technology programs in South Carolina and nationally was declining at the same time that an infusion of technology and technology-intensive companies was creating an increased demand for technicians. According to one estimate, there are more than 15,000 unfilled jobs in technology-intensive companies in South Carolina and more than 400,000 in the United States.
  The 1990 report America's Choice: High Skills or Low Wages noted that far too few high quality science and engineering technicians were being produced.
 The first year of the engineering technology program was identified by SC ATE as particularly critical--if students could be retained through the first year, they generally completed their program of study.

Another area of concern was the demographic make-up of engineering technology programs. Generally the South Carolina engineering technology programs were comprised of white males.
 If programs could be designed to attract and retain underrepresented populations (women and minorities), this new talent pool would be available to help meet existing and projected industry need and these underrepresented groups could benefit from the many engineering technology opportunities available in the marketplace. Successfully meeting the learning needs of a more diverse student population would be a significant component of systemic educational reform.

Employers are also looking for highly skilled technicians with strong teamwork, customer-relations (communications) and leadership (problem-solving) skills.
 Technicians must have interdisciplinary skills that include both technical and non-technical competencies that enable them to critically analyze, solve problems, communicate effectively and be able to learn continuously as the workplace changes. In the ever-changing, technology-driven workplace, engineering technology graduates must be able to integrate knowledge and skills from many 

disciplines in order to respond effectively and efficiently to workplace demands and challenges. Students learn more easily if information is taught in context; integration is how people learn in the workplace.
 There is too often a lack of connection between the skills needed in the workforce and the skills imparted through education, a connection that must be made to enable potential employees to participate and employers to compete in a global marketplace.
 

Systemic Change Through Faculty Development


SC ATE's first step was to develop a cadre of Exemplary Faculty to lead a comprehensive systemic reform initiative in engineering technology programs. The Exemplary Faculty initiative's primary focus was on transforming two-year technical college faculty at 16 technical colleges to meet the needs of today’s students and solve a chronic problem of poor retention and low graduation rates. Faculty development activities were designed to provide extensive professional development training that would move faculty “out of their box” of traditional teaching and discipline silos. The SC ATE experience has shown that efforts to modify faculty behavior--working in interdisciplinary teams instead of with mathematics colleagues only, for example--is not always comfortable for faculty. Such interdisciplinary teaming did not come naturally or easily for some time.  The stand-alone, traditional lecture courses, which often separate content from context, have too often been the standard. "As the goals of undergraduate education in science, mathematics, engineering and technology expand to include such skills as the ability to define and solve problems and facility in oral and written communication, the forms of pedagogy that predominate today seem increasingly incomplete."
  Even though problem solving is still coming of its own, its importance was identified nearly a decade ago by Gilbert Jessup, who described problem solving as a "superordinate" skill.

Cumulatively, the professional development activities helped interdisciplinary faculty develop new instructional pedagogical frameworks and “teaching and delivery” value beliefs that now focus on creating and facilitating an active learning environment that models the workplace and integrates content knowledge in a problem-based learning approach. SC ATE faculty teams comprised of faculty from the mathematics, science, engineering technology and communications teaching disciplines participate in research, workshops and retreats with experts in various areas of teaching and curriculum reform and in cross-discipline discussions. The objectives of these professional development activities allow for the following: 

· Creating interdisciplinary, industry-modeled faculty teams.

· Continuing education in key concepts and learning theory, including multiple intelligences, gender differences, classroom assessment, curriculum and lesson plan development, team teaching, active learning, problem-based learning, and using instructional technology.

· Creating classroom environments that model the workplace.

· Sponsoring workplace research, enabling faculty to make problem-based instruction more reality-based by studying engineering technicians at work and bringing industry techniques, problems, and solutions into the classroom.

· Providing access to technology and related training for use in ATE-based instructional formats.

SC ATE has dissolved perceived departmental silo barriers for ATE faculty, making interdisciplinary collaboration and collaborative teaching a more natural--and rewarding--way to teach. Interdisciplinary teaching teams are viewing students as "their students" and assuming a shared responsibility for student success. ATE mathematics faculty often team with faculty members from other disciplines at difference campuses to give presentations on the ATE approach.

The biggest impact of faculty development on students is helping students see the interconnectedness of their courses, according to faculty feedback in an external evaluation report. The second most frequently mentioned impact for faculty and students is learning how to work in a team. In external evaluations of SC ATE faculty practices, a dramatic increase was noted in the use of critical thinking skills exercises (63 percent of faculty participants), use of group learning exercises (91 percent) and use of student group projects (69 percent) by ATE faculty. Other practices impacted include use of the Internet and e-mail with students, use of computer-based class assignments and projects, and use of multimedia in the classroom. 

Faculty observations:

· "The curriculum pilot has changed the learning environment into an active one. There is more discussion, and students participate in figuring out how to solve a problem."

· "The (first-year) students show a maturity that would be expected of second-year students."

· "Students understand the material better. They ask better questions and engage in more thoughtful discussions. Students benefit from the more integrated curriculum by bringing knowledge from other classes into the classroom and the group projects."

· "Students go to the lab when class is not in session to work on projects without direct supervision. They are more likely to work with one another in groups and have improved their interpersonal skills."

Integrated, Problem-Based Approach 


An integrated, problem-based curriculum, collaborative teaching strategies and extensive active learning techniques--together with faculty and student teams--form the cornerstone of the SC ATE strategy to recruit, retain and graduate more students in engineering technology programs. Making the learning process an active one, through an integrated, problem-based 

curriculum and through the use of active learning techniques to meet the needs of a diverse population of learners, is central to the SC ATE approach. "Learning is, by definition, an active process; the learner must be deliberately engaged." When information is offered as important for the future well being of students, rather than for present use, it is rarely seen as valuable, once instruction is over.

SC ATE faculty and student teams work in a classroom environment that closely models the workplace. For example, student teams have special workspace equipped with computer stations and tables for team meetings and tools such as white boards, where team design work may be posted and referred to throughout a project. Students remain in their workspace for all classes while faculty members come and go to coach students and deliver "just-in-time" instruction. "Just-in-time" delivery of mathematics concepts and other subject matter is an important component of the integrated curriculum. By connecting subjects traditionally taught in isolation, students gain "a richer, more holistic view of their coursework" and what engineering technology means as a career.
 "It is taken for granted, apparently that in time students will see for themselves how things fit together. Unfortunately, the reality of the situation is that they tend to learn what we teach. If we teach connectedness and integration, they learn that. To suppose otherwise would be incongruous."
 

Faculty coach student teams through a structured problem-based learning process that includes the following phases: preparing students to meet the problem, leading a "what do we know, what do we need to know" discussion, information gathering and sharing, generating solutions and performance assessment.


From the first day of class, students learn by completing projects that revolve around industry-validated problem situations. Students are introduced to a series of loosely structured problems and must determine what they know and what information and skills they need to know to solve the problem. Workshops help student gain the necessary knowledge and skills. In each project, mathematics is learned in the context of solving workplace problems. Student team recommendations for solving these open-ended problems are presented in written form or in oral presentations, which showcase and strengthen students' communications and presentation skills.


Two major instructional components have been developed: Technology Gateway (also known as pre-engineering technology) and the first-year engineering technology core, called the ET Core. Technology Gateway is used to prepare students for success in engineering technology or as a core of study for industrial technologies or other technology-based majors. The ET Core provides a substantial portion of the first year of study for any engineering technology major.

Technology Gateway is a set of three bridge courses taken concurrently. SC ATE's Technology Gateway is designed for students who need extra help in mathematics and communications before moving into their major course work and integrates mathematics, communications and physics/technology in a problem-based learning environment. Technology Gateway also includes career exploration. The scope and sequence of mathematics topics covered through the six projects in the Technology Gateway are provided in Figure 1.


The ET Core includes the concurrent study of mathematics, physics, communications and technology. It is designed for students enrolling in any engineering technology major. ET Core projects investigate physical systems (electrical, mechanical, fluids, thermal, optics and materials) relevant to the study of engineering technology. In each project, mathematics, physics, communications and technology skills are learned in the context of solving workplace problems.


For example, the second ET Core project provides for the study of Kirchoff's electrical current law. In the workplace scenario presented to students, the company involved wants to expand its product line by adding automobile trailer systems. Trailer lighting, which is required by law, will require modifications to an automobile's electrical system. Since most automobile electrical fuse systems are not designed to handle a trailer's lighting system, students must recommend modifications to the automobile to accommodate the trailer's lighting system. Student teams are asked to:

· Determine the additional current load placed on an automobile's circuit by a standard trailer lighting system. The trailer lighting system includes four side marker lamps and two tail lamps. 

· Propose an amendment to the section of automobile owner's manual that deals with trailer towing.

· Compose a written explanation to the company's product design team.

In the context of solving this workplace problem, students will learn the following mathematics content: graphing and linear equations, linear relations and use of a graphical (scientific) calculator. Physics content covered includes Ohm's Law, Kirchhoff's Law, determining unknown resistance and power. Technology content includes an introduction to MathCAD software, use of digital meters (such as DMM), Ohm's Law, Kirchhoff's Law, interpreting technical data and electrical safety. Communications content covered during this unit of study includes process instructions, peer editing, team roles, organizing the body of a report and speech preparation.


The sequencing or structure of courses in both the Technology Gateway and ET Core are detailed in Figure 2. Course descriptions for the Technology Gateway and ET Core are provided in Figure 3.

Faculty teaching teams conduct three general types of assessment of student work. These include ongoing, formative assessment of the work of student teams; a final or summative evaluation when the student team presents its recommendations for solving the problem presented in the project scenario; and, assessment of individual student knowledge of subject content.


The value of the integrated curriculum includes: 
· Students see the connections between subject areas (mathematics, physics, technology and communications) and between subjects and the real world. Making mathematics relevant to problem-solving situations that may be encountered in the workplace or in everyday life is important to students.
 Integration answers the fundamental questions students ask regarding "Why do I need to know this?" and "How will I use it?"
 The study of mathematics has traditionally been one of "delayed gratification." Students are frequently and routinely told that the reason they must learn their math today is so that they will be able to learn more difficult math tomorrow!

· In solving real-world problems, students learn to appreciate mathematics, why mathematics skills are needed and how these skills are applied. Problems provide a context and a purpose for learning new skills in mathematics.

· An integrated curriculum provides opportunities for more hands-on, inquiry-based learning, giving students an opportunity to immediately apply what they are learning. By using the mathematics skills right away, the skills are reinforced.

· Additional support is provided from instructors because they are a part of a teaching team.

· The teaching approach used in the SC ATE integrated approach supports the success of a diverse population of learners (including those under-represented populations in traditional engineering technology programs). ATE faculty members have participated in faculty 

development activities focusing on learning style and multiple intellegiences theory; the systematic use of appropriate teaching methods in a class (based on learning theory research) is expected to help meet the learning needs of all students.
 Using hands-on experience, small group or team projects and problem situations that are not limited to one right answer have been found to support diversity.
 Emphasizing cooperative, interdisciplinary methods, through an approach such as student teams, makes mathematics more attractive to females.

· The student success rate is very high (see Results section below).

· Students are better equipped for the workplace (see Results section below).

Workplace Readiness

Creating a learning environment that modeled the workplace was but one method for preparing students for work in the 21st century. Interdisciplinary faculty teams (mathematics, science, engineering technology and communications faculty) conducted research in local industry as a strategy for designing the new integrated curriculum and enabling faculty members to bring first-hand industry knowledge and experiences into the classroom. This workplace research allowed faculty teams to gain a better understanding of the technician's role in the workplace and to investigate employer expectations of technicians. 

Faculty visited companies ranging in size from 10 employees to 45,000 employees nationwide. On the average, companies visited employed 500 employees at the local site. The 

wide variety of companies visited allowed faculty to interview and observe different types of technicians (electrical, mechanical, chemical, etc.). More than 60 technicians were interviewed; these technicians had an average of eight years of work experience with the company.

Without exception, faculty members who conducted workplace research found that their research allow them to better understand how to design an integrated curriculum that would prepare engineering technicians for the evolving workplace and allowed them to establish networking channels with industries in their service area. Ongoing workplace research enables faculty to keep up with the changing roles of engineering technicians and to establish linkages with industry partners. The results of SC ATE workplace research include:

· Technicians are actively involved in solving major industry problems.

· A need for strong communications skills was noted.

· Professional skill building should be included in the curriculum (being on time, meeting deadlines, following assigned procedures).

· Technicians must be able to cope with change and continually learning new technology and process skills.

According to Dr. James C. Wood, co-principal investigator for curriculum reform, SC ATE Center of Excellence, "The role of the engineering technology program is to identify the unique characteristics of the technician and to create an educational environment to fulfill the needs of industry in this changing situation."

SC ATE Scholars Initiative

The prospect of retaining more engineering technology students through to graduation has captured the interest of economic development leaders and industry officials. The SC Technology Alliance and SC Department of Commerce have endorsed and are actively supporting the ATE Scholars initiative as a way to address the need for technicians throughout the state. 

In the SC ATE Scholars initiative, industries and colleges become partners to identify, recruit and select students as SC ATE Scholars. Through a local ATE Scholars industry consortium, students are offered competitive technical college scholarships (for tuition, books and supplies) and related work experience with company sponsors. As of fall 1999, eight companies were committed to sponsoring 22 students at the two campuses and at least five additional companies had indicated plans to during the academic year. Participating industries will reap the benefits of "growing" increased numbers of workplace-ready, highly skilled technicians.

Industry observations:

· "The SC ATE Scholars initiative is very timely. It's really a leading-edge program."

· "We need more of these programs (SC ATE Scholars) throughout the state. This is the best technical training that our state could offer."

· "Technical college graduates that I hire have been able to hit the ground running! These graduates are generally able to generate revenue for my corporation sooner than those with a comparable four-year degree. I feel that the SC ATE program will do nothing but improve the quality of these graduates in the future."

Results


The SC ATE approach to technician preparation greatly improves student retention in challenging engineering technology programs. Typical retention for all open enrollment, Associate Degree colleges nationwide is about 50 percent.
 

SC ATE results include:

· Student retention in Technology Gateway/pre-engineering courses for 1998 was 76 percent.

· Retention in the fall 1998 ET (first-year) Core was 94 percent.

· Retention in the spring 1998 ET Core was 100 percent.

· Ninety percent of the students completing Technology Gateway or ET Core in 1998-99 continued in their technology majors in fall 1999.

· Even marginal students are exceeding instructor expectations.

· Of five participating colleges in 1999-2000, four offered Technology Gateway and two offered ET Core.

· ATE enrollment nearly doubled to 96 students in the fall of 1999.

· The number of women and minority students more than tripled from 1998-99 to 1999-2000.

· By next academic year, 2000-01, at least two colleges will offer the ATE approach as the regular delivery mode for engineering technology programs.

· To date, half of South Carolina's 16 technical colleges have implemented some component of the SC ATE curriculum, and this number is expected to grow.

When Technology Gateway students were asked how capable they felt to use math to solve problems, only 31 percent felt very capable or extremely capable at the beginning of the 1998 fall semester. By the end of semester, confidence in mathematical ability had increased, with 62 percent of students responding that they felt very or extremely capable. A similar experience was found among first-year ET Core students. The percentage of students feeling very or extremely capable of using math to solve problems increased from 41 to 76 percent over one semester.

An ATE faculty member noted that the ATE approach created a "'human continuity,' and students had a 'home' in the courses. All the students shared the same courses and instructors. As

a result, they were more inclined to stay and succeed." Another said of the students, "They gained confidence and were enthusiastic. Their math and technology skills advanced more than their writing skills."  Another faculty member observed, "The curriculum better incorporates the instructor's interests and talents into the classroom because collaborating with other instructors in the sciences allows teachers to 'do more than just teach math.' …Now faculty work together to created a better learning environment for their students. Moreover, the integration of different subjects means that all available technologies are presented to students and utilized."

Student comments:

· "The integrated curriculum has prepared me so that I will be able to apply what I have learned to my job and have a better understanding of what is expected of me."

· "Working in teams was extremely helpful to me."

· "I think if you know how everything fits together and how you will use it that it will be easier to learn and remember."
Curriculum Change and Systemic Reform
"American society is in a key stage of transformation from the Industrial Age to the Information Age, and all social institutions are--or will be--affected by the change. Many institutions, especially those of business and industry, have been actively involved in responding to these changes for some time; others, such as educational institutions, have begun to respond only recently and in most cases with a reserved enthusiasm. It appears that considerable benefit will accrue to those educational institutions that can successfully navigate the change while those that do not may atrophy or be consigned to the 'rubbish heap of history.'"
 

"Because the classroom is such a familiar and uncomplicated place for most people, it's hard to see that developing and executing a good curriculum is about as simple as composing and performing a good symphony."


The development and implementation of an integrated, problem-based curriculum is continuing. Previous research has laid a strong foundation for the efforts of the SC ATE Center of Excellence. Meeting the learning needs of diverse students, while at the same time equipping industry with the technicians needed in the technology-intensive workplace of the new century is an ongoing challenge. Reports of dramatic improvements in student retention and the implementation of the SC ATE approach in increasing numbers of institutions are being received 

enthusiastically. The successful experiences in South Carolina provide models for engineering technology education reform elsewhere. Mathematics education, in concert with physics, technology and communications, has taken a leap forward with the SC ATE curriculum, and the blending of these disciplines by SC ATE faculty under the direction of the SC ATE Center of Excellence leadership team is proving to be a good symphony.
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Issues Abstract


Three key issues should be considered by the international community of mathematics educators as principle issues concerning the future of mathematics education. All three issues have been discussed at some length previously. These issues are:

· The critical need to be able to show to students the relevance of mathematics education and to strengthen that relevance through curriculum integration. As this paper illustrates, students want to see the connections between subject areas and between subjects and the real world. Showing how mathematics is necessary to solving problems in the workplace and everyday life increases the student's "need-to-know" and their desire to understand more fully.

· Developing and reinforcing workplace readiness skills is essential to mathematics education in two-year colleges. Modeling the workplace in the classroom and teaching students to collaborate with others (teamwork) will equip students to be more successful in the marketplace.

· Developing faculty members who can create a learning environment that focuses on student learning, emphasizes contextual learning, teaches theory from application, and responds to the different learning styles of a diverse population of learners helps to ensure student success. Ongoing faculty development is a crucial piece of any instructional effort embracing innovation, reform and renewal.
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