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Abstract

The Accreditation Board for Engineering and Technology (ABET) identifies design as an important element of the engineering curriculum. There are various means for introducing design and the design process to students.  Before the late 1990s, instruction in and experience of design and the design process did not occur until late in the junior or senior year. In the last five years there has been a move to introduce design in the freshman year.  The faculty at the University of Tennessee at Chattanooga (UTC) believes the concepts and principles of design are as fundamental to undergraduate engineering education as are those tools and topics traditionally thought as fundamental (such as mathematics, physics, chemistry, statics, and dynamics). Thus, the strategy at UTC is to introduce engineering design at the freshman level and then to build on this introduction throughout the remaining three years of the engineering curriculum. This paper provides a high-level discussion of the design curriculum strategy at UTC.  It emphasizes the specific strategy for introducing the concepts of design to freshman engineering students.  

Introduction

Once the “what” is decided, the “how” always follows.  We must not make the “how” an excuse for not facing and accepting the “what.” –Pearl Buck

The engineering program at the University of Tennessee at Chattanooga (UTC) defines the design process as a systematic decision-making process that aids the engineer in evaluating and generating characteristics of an entity (physical or process) whose structure, function, and operation achieve specified objectives and constraints.   The program describes the process as the application of the solid foundation of the basic sciences, mathematics, and engineering sciences to the abstractness, complexity, and solving of real-world problems.

The elements of design are emphasized throughout UTC’s engineering curriculum, beginning with the freshmen year.  At least ten credit hours are devoted to teaching (to all engineering majors) design concepts in an applied, interdisciplinary setting.   At the freshmen level the students are introduced to the foundations of design. At the sophomore level the students use design concepts to design and build small structural and mechanical projects (trusses and instruments for measuring force and displacement). The instruction also emphasizes device testing. At the junior and senior level the students use design concepts to solve real-life and open-ended interdisciplinary industry-based problems provided by industrial sponsors.  The student project teams work with the industry sponsors (in the industrial setting) and a faculty advisor to develop, test, and sometimes prototype a solution.  In addition, students apply design concepts in a three credit hour discipline-based capstone course during their senior year.  The structure of the design curriculum is shown in Figure 1.0.  







Figure 1.0: The Design Curriculum Sequence at UTC

The goal of the design curriculum is to graduate students who understand and can apply the steps of the design process to various interdisciplinary and discipline-based applications. The first step toward meeting this goal is to introduce the steps of the design process in UTC’s 3-credit-hour freshman-level course Introduction to Engineering Design.  Then the main focus is the reinforcement of this process and steps during the remaining three years of the curriculum.  The design process emphasized at UTC is shown in Figure 2.0. 

The freshman design course uses short lectures and hands-on design exercises to emphasize the body of the design process—problem definition, conceptual design, alternative selection, and preliminary design (see the shaded portions of Figure 2.0).  Concurrent with the design methodology is a graphics design laboratory on sketching and CAD.  A major outcome of the course is a small team design project, with application of basic engineering science, engineering graphics, and written and oral presentation. 

This paper describes the goals of the freshman Introduction to Engineering Design course, its objectives and means to meet these objectives, how the course prepares students for upper level courses, and what the results are so far.  The paper also emphasizes the benefits and difficulties of using everyday devices to aid in the teaching and assimilation of the design process.

Course Mission, Goals, and Objectives

The mission of the Introduction to Engineering Design (IED) course is to

provide an experience so freshman students are introduced to the design process, experience the design process, understand the emphasis of the design curriculum at UTC, and assimilate knowledge to apply the design process in later courses.

The faculty of the design sequence courses believe the best way to meet the above mission is to provide the students a combination of lecture and guided hands-on activities that involve simple devices familiar to the students. 












Figure 2.0: The Design Process (UTC’s Curriculum)

Course Goal

The primary goal of UTC’s IED course is to 

expose students to (1) problem definition, (2) attribute generation, (3) function, constraint and objective identification, (4) idea generation, (5) creative thinking, and (6) simple decision-making using individual and team exercises.  

The above is accomplished in the context of a real-life application—improving an entity.  In this case the entity is an everyday small appliance or tool.

IED, being a design course, emphasizes not only learning, understanding, and initial application of the steps of the design process, but also those other elements of design that ensure its success—project management and documentation, oral and written communications, and team work. To this end, the faculty has established the following student and course objectives.

Student Learning Objectives

After completing the IED course, the students should be able to 

· formulate a problem statement

· create project objectives

· distinguish between functions and specifications

· use idea generation exercises to generate alternative solutions to a problem

· use at least one proven means for deciding between design alternatives 

· recognize and apply ethical decision-making practices.

· organize, participate in, and document team meetings

· participate as a contributing team member in the design and problem solving processes

They should also understand and be able to 

· apply graphical 2-D and 3-D drawing principles

· use a 3-D modeling software package 

· use the principles of good oral communications to effectively communicate major ideas 

· use Microsoft PowerPoint software to aid oral presentations

· use Microsoft Project for creating a simple Gantt Chart

· use principles of good technical writing (emphasizing minimizing wordiness and improving formatting and use of headings) to effectively communicate major ideas 

Course Objectives

To facilitate meeting the above objectives, the IED course must introduce students to 

· the role of design in engineering including a historical perspective that touches on the various engineering disciplines.  

· the engineering design process including problem definition, setting specifications, idea generation and simple decision-making. 

· the role and function of design teams. 

· the fundamentals of graphical representation in design including sketching and computer aided design.  

· the use and practice of oral and written technical reports in design including reporting on status and design proposals.  

· the role of ethics in design.

Course Structure

IED meets for five hours each week—four hours of lab and one hour of lecture.  For the first five weeks the lab sessions are reserved for the 3-D sketching and CAD instruction and the one-hour lecture session for the design instruction.  At the sixth week, one of the two-hour labs is reserved for design instruction and the one-hour lecture is reserved for 3-D sketching instruction or exams and periodic design lectures. The drawing and design segments of the course are independent; however, some of the design assignments require the use of 2-D drawing and CAD. Class sections are limited to twenty students each.  There are two to three sections offered each fall and spring semester.

IED Design

Table1 summarizes the topics and assignments used to introduce the students to the design process.  Up until the course topic “group dynamics” the students complete individual project assignments.  Once “group dynamics” is discussed, the students begin working in project teams and on team assignments. Using the independent project assignments, the students learn how to define customer needs, formulate a problem, and develop design criteria.  This information is used as the initial research for the students to prepare for the team projects. Using the team project the students learn to manage a team, brainstorm ideas, generate alternatives, decide between alternatives to best meet developed criteria, and generate test procedures.  

The assignments are structured so the final project report is a compilation of the previous individual and team assignments.  This provides the students an opportunity to receive feedback on their work and apply it to the final product and report.  The central topic of all assignments is the course project.

Table1: IED Topics and Assignments

	Topic
	Lecture Emphasis
	Assignment

	Introduction to Engineering
	Defining the engineering design process and the entities involved.
	

	Problem Formulation
	Defining client/customer needs 
	Select a small tool or appliance in need of improvement; determine client and client needs; create a goal statement, design objectives and constraints; present in a report

	Developing Design Criteria
	Identifying and distinguishing between attributes, functions, objectives, constraints, and implementations of a device.
	List device attributes; clarify objectives; define functions; create objective tree; create 3 levels of functional block diagrams; present in reports

	Technical Writing
	Formatting for readability; eliminating vagueness, sexist language, wordiness; ensuring parallel construction
	Create a report on device research and findings

	Ethics and Professional Context
	Recognizing ethical situations
	Complete survey on “Professionalism Indicators”

	Oral Presentations
	Types of oral presentations; planning and organizing; creating and using slides; delivery
	Present research and findings on device

	Group Dynamics
	The triad of teaming components; responsibilities of the team leader and team members; ethics in the team environment; components of a successful team.
	Take Personality Style Survey; participate in team building exercises

	Project Management
	Recording results of team meetings; setting reasonable goals; scheduling activities; creating a Gantt chart; using Microsoft Project
	Create personal MS Project Gantt charts for semester; create team MS Project Gantt chart; record minutes for all team meetings

	Concept Generation and Creativity
	Defining concept generation and creativity; Model of the creative process; Blocks to creativity; techniques for aiding idea generation
	Decide which device to improve; brainstorm 10 possible solutions; create a morphological chart of solution components

	Decision-Making
	Identifying the need for decision-making tools; introduce pair-wise comparison, evaluation scales and metrics, comparison evaluation using scales and weights
	Select 3 to 5 solutions you believe best; compare using comparison techniques; select best; substantiate reason

	Prototype Testing
	Understanding the need for test procedures; creating usable test procedures; documenting procedures
	Determine how to complete a puzzle; write instructions for another team to put puzzle together; write test procedures for new functions of your device.

	Documenting Design
	Creating a usable package 
	Create team report 


The Project

The goal of the project in IED is to design a better device for a specific customer.  The device is a small tool or appliance costing less than $25.00 retail.  The project begins the second design session meeting and is completed the last week of class when the students demonstrate their prototype.  The project has two parts—the individual component and the team component.  The Individual component emphasizes identification of the problem and understanding of the device.  The team component emphasizes idea generation, decision-making, and design test.  The project process is shown in Figure 3.0.

The Individual Component

At the beginning of the semester each student selects and purchases a small tool or appliance he or she or someone they know has observed as operationally or functionally deficient.  No two students can purchase the same type device. Initially the students learn all they can about this device, its users, and its other clients to identify the problem. For example, the first assignment requires the students to state the deficiency as a problem statement, so they must interview the users or clients of the device and thoroughly understand the device’s needs and the users’ concerns. They then look at the device’s physical, functional, and operational features and define device attributes. They can learn about the device on the product website, on the website www.howstuffworks.com, or by tearing down the device and researching each component. From these attributes the students break out design objectives, device functions, constraints, and possible problem solutions. This is a rather large first assignment but the students are provided two weeks to complete the research and write the supporting report.

Later class instruction introduces the students to objective trees and input/output functional block diagrams to help them clarify and document their understanding of their device.  They submit their trees and diagrams to the instructor for feedback and revise for inclusion in the final individual report that fully documents their understanding of their device and the users’ dilemma.   










Figure 3.0: The IED Project Process

The Team Component

Midway through the semester the instructor places the students in three to five member project teams.  The members are selected to optimize the variation in device and problem statements. The students are required to share and discuss their devices and problem statements in detail with the other team members and then to decide which device’s problem to solve.  Before initiating this action, the students are introduced to concepts of group dynamics, personality styles, and team problem solving.

The students then are introduced to concept generation and creative thinking practices. Brainstorming and Mind Mapping are discussed and practiced in class in the team environment.  The qualities of a creative thinker are discussed and the realization that all can be creative thinkers is emphasized. Also emphasized is the necessity to be open to others’ ideas and not to criticize those ideas, especially in the brainstorming process.  The students generate at least ten possible solutions for their selected device and problem statement.  Students are introduced to the concepts of morphological charts.  The students use this tool to break the possible solutions into components and to recombine them to develop additional possible solutions.

Once the ten possible solutions are generated, the students are asked to select three to five they believe to be the “best” solutions based on ability to create a prototype and to meet the customer criteria. This is a “we think” selection with no basis in decision theory.  Then the students are introduced to several concepts of decision-making including pair-wise and weighted comparisons.  They select the best of the three to five solutions using these tools and the customer criteria outlined in their objective trees.  The decision on how to weight the criteria is sometimes based on the clients’ needs; other times based on a vote of opinion of the team members.

Each team is required to develop a prototype of the solution. The students are provided no resources to create the prototype. They must depend on their personal knowledge and materials they desire to invest in to complete the project.  This limits the students in some ways, but requires them to be creative.  

The teams must develop procedures to test each new function of their improved device to determine whether it meets the customer criteria.  Thus, we discuss the value of test procedures, how to create test procedures, and how to record data.  Design of experiments is not mentioned, though, repeatability and reproducibility are.  The test procedures, collected data, and analysis are included in the team final report.

The team final report is a compilation of the relevant first report from the first half of the semester and the team exercises of the second half of the semester.  Each of the team exercises are reviewed by the instructor and comments are provided prior to the submission date of the report so the students can revise and improve their work.  The students must present their report in writing as well as orally. The oral presentation includes a demonstration of the prototype.

Discussion

The IED course is only in its second year of offering at UTC. The observed outcomes of the course and the usefulness of the project, however, are interesting and worth discussing.  

The Course 

The IED course and design teams are age and experience diverse. True freshman and sophomore, junior, and senior transfer students populate the IED course (since design is not taught at most community colleges) and a number of the participants are second career students. Based on the work done and the evaluations completed by the students, this diversity has not affected the project work or the team participation.  The design process and tools are new topics for all students and thus, no student has an advantage.  

Because the IED course is new to our curriculum, we have observed the progress of only one IED alumnus in an advanced design course.  His understanding of the design process is much above that of the other students; though, with just one data point, generalizations to a larger population cannot be made.  To gather more applicable data, we surveyed the students in the spring 2002 IED course as to what they thought they learned in IED. In general, the students believe they learned a design process, how to write technical reports, how to give oral presentations, and how to work as a team.  We do recognize that a more comprehensive assessment of the course is necessary to ensure the course is producing students per the course objectives.  This work is in progress.

One difficulty with the course is tying it to the drawing component. The revision of the IED course employs the student’s progress in the drawing component by requiring CAD and other computer drawn diagrams be included in the reports.  In addition, the importance of accurate drawings for defining a design and its test procedures are discussed during the documenting design lecture.

Project Specific

The course emphasis and structure has not changed much since it was created during the spring of 2002.  Initially the students were randomly assigned a small appliance (curling iron, bathroom scale, glue gun, hot curling brush, can opener, etc.) to study.  They progressed through the individual work as shown in figure 3.0.  At the device pool stage, the teams were created to allow for variation in available operational and functional capability across the device group. Then the team brainstormed ideas on how to combine the functions and operations to create a Rube Goldberg device.  The incentive was to develop a device with the most functions and the least number of “outside the device group” parts or components.  This was challenging for the students and produced some great designs.  However, the students needed to start at the initial step of the design process to define the new device.  This took time away from working on decision analysis and test procedures.  In addition, due to lack of knowledge, a number of the teams students mentioned they were uncomfortable with applying electrical components in new ways and created designs that used the AC component of the devices in an unsafe manner.  A survey of the spring 2002 IED students indicates the students were not secure with the structure of the individual project or the Rube Goldberg activity. 

In addressing these concerns, the course was revised in the Fall 2002 to allow the students to select their own small appliance or tool to research. Wide ranges of devices were selected—a kitchen garbage can, pliers, spatula, violin peg shaper, hand-held electric mixer, TV remote control, glue gun, flour sifter, and guitar string tuner are a few examples. At first it appeared it would be difficult for the students to apply the design process to some of the more simple devices such as the spatula and garbage can.  The students learned, however, that much research is needed to learn all one can about even simple devices, and even the simple devices can be improved.  For example, one team selected to improve a spatula.  They observed that food frequently falls off the traditional spatula, especially when barbecuing.  They designed, prototyped, and tested an improved spatula that acts as a traditional spatula to lift the food, but like tongs to hold the food.  They even designed a lock on the tong mechanism for ease of storage.  

Other devices seemed too complex for freshman students to prototype and test, though, the students overcame their limited knowledge.  For example, one team chose to improve a specific brand and model of guitar tuner.  Their customer, one of the team members, finds this device difficult to use because, during the tuning process, it does not always “pick up” the guitar string sound when operated per the instructions.  Due to the complexity of the original design, the students were not able to make any changes to the receiver or the molded plastic body of the package.  What they did do was create a strap that holds the tuner (2 by 3 in.) to the strum hand of the user, so that when the user plucks the guitar with the strum hand, the receiver is no more than three inches from the plucked string. The tuner detects the sound of the plucked string and the user can easily read the output of the tuner.  

Conclusions

Overall, the instructors of the design sequence courses are satisfied with the structure of the design curriculum of the IED course.  The IED course instructor noticed a growth in the students’ understanding of the key concepts of the design process.  The final exam indicated the students can apply what they learned in the course to a device other than their semester project and can quickly use the tools taught in class. In addition, the instructor observed that the project caught the students’ interests. Most of the students approached the design component and the project enthusiastically.  They worked on the project outside of the course (as indicated by their meeting minutes).  Over half of the class joined the instructor on a Saturday morning to participate in a design workshop for seventh and eighth grade girls (“extra credit” was awarded for their participation).

The instructor also observed that the students’ final work benefited from the “exercise—feedback—revise for report” structure of the assignments.  This structure emphasizes the iterative nature of the design process.  It also emphasizes that design is learned through practice and experience.  More importantly, it ensures that the students receive feedback from the instructor before reapplying tools and techniques. 

The course, however, requires review and revision.  Students mentioned they like the structure of the design component of the course; but the work required of the design and drawing components combined is more than most three-credit-hour courses.  An initial review of the assignments determined that since the design and drawing components act independently, the homework is not assigned collaboratively.  Thus, the students are sometimes required to complete two homework assignments for the one IED course.  The review also highlighted that, in addition to the homework assignments, which are many, the students are responsible for four exams (including one final), two written reports (one of which is a team assignment), and two oral presentations (one of which is a team assignment).  This is a heavy load for a three-credit-hour course.  If the components are to remain as one course, the instructors need to investigate how to combine assignments to lighten this load.

Finally, but very important, the instructors of the design sequence recognize they need to assess the ability of the IED course to meet its stated objectives. This includes assessing the students’ ability to apply what they have learned to assignments in other courses. The present thoughts are to review the student work in the sophomore lab, Mechanics and Materials, where the students can apply the techniques learned in IED to design, prototype, and test a truss and deflectometer.  We are interested in whether they use the techniques learned, and if not, what techniques are used.  The first semester of interdisciplinary design can be reviewed in a similar manner.  In this course the students (1) clarify customer requirements, (2) define project and device objectives, functions, and constraints, (3) generate alternative solutions, and (4) begin or complete solution selection. Once IED alumni enroll in the interdisciplinary sequence their work can be evaluated as to how much instructor instruction is necessary for progressing through each step of the design process.

References

Dym, Clive L. and Patrick Little (2000) Engineering Design: A Project Based Introduction, John Wiley & Sons, Inc., New York, NY.

Engineering Accreditation Commission (2000), Criteria for Accrediting Engineering Programs, Accreditation Board for Engineering and Technology (ABET), Inc., Baltimore, MD.

Goulet, Ronald and Joseph Owino (2002) “Experiential problem-based learning in the Mechanics of Materials Laboratory,” Proceedings of the 2002 American Society for Engineering Education Annual Conference & Exposition, Montreal, Quebec.

Hyman, Barry (1998) Fundamentals of Engineering Design, Prentice Hall, Inc. New Jersey.

Wigal, Cecelia, Robert T. Bailey, and Ronald U. Goulet (2001) “Capstone Design Course with Industry Collaboration,” Proceedings of the 2001 ASEE Southeast Section Annual Conference

Cecelia M. Wigal

Dr. Wigal is an assistant professor of engineering at the University of Tennessee at Chattanooga (UTC).  She received her B.S. degree (electrical engineering) from Ohio Northern University (1985), her M.S. degree (electrical engineering) from Illinois Institute of Technology (1991), and her Ph.D. degree (industrial engineering and management science) from Northwestern University (1998).  Before coming to UTC in 1999 and before undertaking her Ph.D. work in 1993, she worked in industry for over 8 years as a Project Engineer and Senior Project Engineer in the Aerospace Electrical Systems Division of Sundstrand Corporation (now Hamilton-Sundstrand). Dr. Wigal’s primary areas of interest and expertise include complex process and system analysis (ensuring representativeness while minimizing bias and data overload), quality process analysis with respect to fast-paced growth, and information system analysis with respect to usability and effectivity.

Ed McMahon

Dr. McMahon is a professor of engineering at the University of Tennessee at Chattanooga (UTC).  He received his B.S. degree (chemical engineering) from Rutgers - The State University (1965), his M.S. degree (chemical engineering) from New York University (1969), and his Ph.D. degree (chemical engineering) from New York University (1974).  Before coming to UTC in 1984 he worked in industry for over 19 years in process and product development. Dr. McMahon's primary areas of interest and expertise include engineering design, engineering economy, value management, product and process development and the effective management of technology. 

Senior





Interdisciplinary continued (3 hrs)








Discipline Capstone   (3 hrs)








Junior – Interdisciplinary Design and Industrial Partners   (3 hrs)








Engineering Curriculum





Sophomore – Design and small mechanical/structural applications     (1 hr)








Freshman – Introduction to Design                                                                            (3 hrs)








Engineering Design Text














Alternative Selection





Verification





Validation





Final Design


(Fabrication Specs & Documentations)





Product


(Designed Object)





Design Communication





Detailed Design





Preliminary Design





Conceptual Design





Problem Definition





Client Need








Identify Problem





Understand Device





Clarify Understanding





Document Design





(Device Pool)


Select Device to Improve





Brainstorm Solutions





Choose Best Solution





Develop Prototype





Test Prototype





Possible Solutions





Clarify Understanding





Understand Device





Identify Problem





Clarify Understanding





Understand Device





Identify Problem





…





…





…





Team Work





Individual Work








� The University of Tennessee at Chattanooga.  College of Engineering & Computer Science, Dept. 2402, 615 McCallie Avenue, Chattanooga, TN 37403.  Cecelia-Wigal@utc.edu.


� The University of Tennessee at Chattanooga.  College of Engineering & Computer Science, Dept. 2402, 615 McCallie Avenue, Chattanooga, TN 37403.  Ed-McMahon@utc.edu.





ASEE Southeast Section Conference

6

