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Abstract

One way that a real-world situation can be brought into the classroom is to build a course around a real-world problem.  The whole purpose of the course is to learn how to deal with this specific problem.  For this to be successful, the problem must be difficult enough and broad enough that all of the “traditional” course material has to be learned and applied in order to solve the problem.  Throughout the course new material is continually applied to the solution of the problem.

This paper discusses how this concept has been applied to a sophomore course in engineering design.  The course is structured around a competitive situation in which students must design a real world device.  Not only must they design a device, they must do it in an environment in which teams representing different engineering firms are competing for a contract to finalize the design and go into production.  The particular situation chosen each year is intended to challenge the students.  When they enter the course, their first reaction is that the project is over their heads and there is no way they will be successful.  However, as they are taught how to use specific tools and methods, they find that they can handle the challenge.

Introduction
The University of Tennessee at Martin is a small rural university located in Northwest Tennessee that has an enrollment of approximately 6,000 students.  The University offers an ABET accredited Bachelor of Science in Engineering (BSE) degree with specialties in Civil, Mechanical, Industrial, and Electrical engineering.  The BSE curriculum is divided into core engineering courses taken by all students regardless of specialty, and specialty courses that are taken only by students within a specialty area.  The Engineering Design course described in this paper is a core course taken by sophomore engineering students.  The two-semester-hour credit course consists of one one-hour lecture and one three-hour lab each week.

Team- and project-based engineering design education are subjects of ongoing research and refinement.  A literature search reveals some of the effort that has been invested along these lines.  The content of such courses can vary greatly. 

Engineering design courses are not unique.  In recent years, freshman level design courses have become increasingly popular.  Burton and White discuss different models for freshman engineering design courses, including reverse engineering, full scale projects, case studies, and design competitions, among others [1].  Dym declares “Engineering students can do meaningful design projects in the first year….” He further states,“…breadth is likely a far greater strength than the narrowness of depth at this level of education.”  He discusses the familiar design vs. engineering science interaction, and points out that design is engineering’s primary concern, and that team-based projects at the freshman and sophomore levels are beneficial in that they expose students to more realistic engineering situations early [2].   Students’ reactions to team- and project- based design courses have also been reported.  Courter et al. found freshmen students’ reactions to a team- and project-based design course to be favorable [3].  Dally and Zhang describe a team- and project-based freshman design engineering course and report “positive” student impressions [4].  

Sophomore level design courses are less common.  A survey conducted by Eggert showed that only ten percent of the engineering programs responding to the survey have sophomore level design courses in their curriculum [5].  Starkey et al. discuss implementation of a team- and project-based sophomore design course and report that the open-ended nature of design problems challenged the students, but the students’ “…response…is positive and impressive.” [6].

Engineering Design Course Description

The UT Martin sophomore design course introduces a variety of design related issues, methods, and tools in a project-based approach.  The course is based on a competitive situation in which engineering companies (teams of students) compete for a contract to build a device.  The contract will be awarded based on preliminary designs described in a written report and formal presentation.  The companies start with a brief written description of the need.  The project description is not a detailed specification, but a general description of what the customer wants.  It is up to the individual companies to develop a list of objectives and requirements that will enable them to win the contract.

Lecture Topics

[image: image2.wmf]A variety of authors have recommended material to be included in a design course.   Fentiman and Demel present the need for including documentation skills in team- and project-based situations, including lab notebooks, schedules, progress reports, final reports, and oral presentations. They emphasize the importance of “Strong communications skills…for practicing engineers.” [7].   Garris reviews the history and importance of the United States patent system, and stresses the need to emphasize it in engineering design education [8].  Moor and Drake discuss project management techniques in detail, albeit in the context of a senior capstone design course, with emphasis on reducing “time scallop”, encouraging proper group participation, and using appropriate documentation methods [9].  Wells points out the need to emphasize professionalism to engineering students starting with the freshman classes [10].  

Table 1 provides a list of the topics covered during the weekly lectures in the UT Martin course.  Many of the topics recommended in the literature are found in this list.  The lectures are presented using PowerPoint [11] slides and the lecture notes are available to the students via the web-based course software, Blackboard [12].  These topics are sequenced to lead the teams through the steps and activities necessary to successfully complete the project.

The text used for the course is Engineering Design: A Project Based Introduction [13].  Required reading assignments parallel each lecture.  The lectures do not repeat or address everything covered in the reading material.  Instead, the lectures focus on how the students should apply the reading material to the project.  One of the objectives of the course is that students develop the skill to gather information and learn material independently.  This skill will be important when they are faced with real-world problems on the job.

Online quizzes given through the Blackboard software are used to assess whether students have read and retained the material in the reading assignments.  There is an online quiz for each chapter, and the students are required to take the quiz during the week that the material is covered in the lecture.  The quizzes are open book, but they are timed, and students do not have sufficient time during the quiz to look the material up without having first read the assignment. 

Laboratory Sessions

The three-hour weekly labs are used for a variety of activities: 1) instruction and practice with 3D CAD software, 2) team activities, 3) one-on-one interaction with the instructor, and 4) feedback on deliverables submitted.  The sequencing of 3D CAD instruction with the project is very important to the organization of the course.  In most CAD courses, the students are told what to draw or model.  In the UT Martin course, the 3D CAD instruction is provided in a just-in-time manner.  Not only must the students learn to run the software, they must design a system and use the software in the design process.  Figure 1 shows a schedule of lab activities.  Note that 3D CAD instruction parallels the project activities.

During the first five weeks there are formal lab assignments on how to develop 3D CAD part models using I-DEAS [14] software.  In addition to demonstrations and examples on how to use the software, students work through the first seven chapters of a self-paced book by Shih [15].  During this same time, the students search for information that will help them with their design, develop a project plan, and several concepts.  During the seventh and eighth weeks, students are provided instruction and perform lab assignments associated with creating assembly models in I-DEAS.  This corresponds with the start of the preliminary design phase of the project in which the students create part models and develop an assembly model that shows form, fit, and function of parts in their design.  Starting in week 10, students are shown how to create dimensioned drawings using the geometric information previously developed in the part models.  They are also shown how to create exploded views and assembly drawings in week 12.  Both assembly and part drawings are included in the final report.


[image: image1]
Example Projects
[image: image3.wmf]The selection of the device to be designed is one of the most critical elements of the course.  It must be complicated enough that the students are challenged, it must be something to which sophomore students can relate, and must be broad enough that all of the lecture material is applicable.  The intent is that the students should be initially overwhelmed by the project.  Their initial response is typically, “I don’t know how to do this, where do I start.”  This response is important, because it provides a relevancy to the material presented in the lectures. As the course progresses and the information presented in the lectures are applied, students realize that they can and do accomplish the task.

This course structure has been used for three years.  During these years the projects have been a device to hold and rotate an Easter egg while it is painted by an artist (Fig. 2), a machine to inject a viscous fluid into a bladder to make a ball that glows on impact (Fig. 3), and a plastic molding machine to make small numbers of small hollow toys (Fig. 4).  In retrospect, the first project (artist’s Easter egg holder) was too simple, and did not sufficiently challenge the students.  It could have been done by individual students without any teamwork or significant research.  The “glow ball” and plastic molding machines were significantly more challenging projects.  Each machine dealt with manufacturing issues and required that the students perform research and gather information on related manufacturing processes.  This aspect provided the students with the opportunity to not only learn about the design process and related issues, but also enabled them to learn about a manufacturing process.
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Both the “glow ball” and plastic molding machine have a large number of parts.  In the time available for the course, it is not possible for the students to “detail out” a complete machine.  During the concept stage the students are responsible for addressing the entire process.  However, in the latter portion of the course in which they are modeling and creating drawings, the teams are only responsible for twenty parts (approximately five per student on the team).  It is preferred that they do a thorough job of detailing a sub-assembly of the machine and do it correctly, instead of doing a less thorough job on the entire machine.

One of the issues that arose with the plastic molding machine was the similarity between some designs and commercial molding equipment.  However, other teams showed significant originality and creativity.
Course Outcomes

Outcomes for this course align well with several of the ABET a-k program outcomes [16].  Specific ABET outcomes and activities performed in the course that will help students meet the outcomes are listed in Table 2. 

Assessments

Articles that address the issue of assessing team efforts appear in the literature.  Kaufman et al. describe a peer rating system implemented at the sophomore level for cooperative learning teams [17].  Lewis et al. discuss team dynamics and related assessment methods, pointing out that faculty need to be familiar with such methods, while acknowledging that such assessments are not simple [18].  In the UT Martin course, there is a mixture of individual and team assignments.  In some instances, an individual is responsible for the assignment and receives an individual grade.  In other instances, teams are responsible for the assignment, and a grade is assigned to the team.  At the end of the course, each member of a team is evaluated by their peers.  The peer evaluations are used to adjust the team grades for individual team members.

Communication skills are emphasized in the course.  Written material is graded on a professional level.  If written material is unacceptable, the problem areas are discussed with the student or team, and the document is redone.   A draft of the final report is submitted and feedback is provided prior to submission of the final document.  This is consistent with having a written document reviewed by one’s supervisor in a business environment and reworked until acceptable.  The author’s believe this iteration is necessary for most students to learn to write using standard business practices.
Conclusions
A method of bringing reality into the classroom via a project-based course has been presented for a sophomore level design course.  The course is unique in that not only does it introduce design process issues, but it also integrates design tools and methodology into a sequence of activities that lead students through the design process.  The course is based on a competitive situation in which teams of students are competing for a contract to build their design.  One of the most important aspects of the course is the design project chosen.  It must be complicated enough that the students are challenged, it must be something to which sophomore students can relate, and must be broad enough that all of the lecture material is applicable.  

Table 2  Comparison of ABET Outcomes with Course Activities
	ABET Outcome
	Course Activity

	c. Design a system to meet a desired need
	Develop a list of requirements and objectives based on a needs statement

	
	Gather information needed to understand requirements and to identify methods for meeting them

	
	Develop concepts for meeting requirements

	
	Select a concept that bests meets the design objectives

	d. Function in multidisciplinary teams
	Establish roles and responsibilities for each member of the team

	
	Schedule and hold meetings to accomplish assignments or resolve design issues

	
	Resolve conflicts and differences in a professional manner

	f.  Understanding of professional and ethical responsibility
	Use NSPE Code of Ethics to determine appropriate action for specific situation

	
	Conduct a patent search, analyze patents for potential infringements or licensing issues

	
	Conduct a Failure Modes and Effects Analysis to identify safety concerns and necessary actions

	g. Communicate effectively
	Prepare a written project plan that includes a WBS, Activity Logic Diagram, Critical Path, and Gantt Chart

	
	Prepare an ethics report that discusses how a practicing engineer should act when confronted with an ethical dilemma

	
	Prepare a technical memorandum that describes concepts and includes a weighted matrix that identifies the concept which best meets the design objectives

	
	Prepare a written technical report that documents the design

	
	Make a technical presentation aimed at convincing a customer that the team’s proposed design is the best and should be awarded a contract.

	k. Use techniques, skills, and modern engineering tools
	Prepare part and assembly models using 3D graphics software

	
	Prepare part and assembly drawings using 3D graphics software

	
	Share information between team members using CAD project libraries

	
	Prepare a Bill of Material based on information available in assembly database
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Figure 4.  Plastic Molding Machine
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Figure 3. Magic Glow Ball Injection Machine
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Figure 2. Artist’s Easter Egg Holder
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Figure 1. Schedule of Lab Activities
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