
Design of Creative Engineering Design for Freshman 
1Duk-Gyoo Kim and 2Jae-Won Song
Kyungpook National University, Daegu, KOREA, dgkim@ee.knu.ac.kr1; 
Kyungpook National University, Daegu, KOREA, jwsong@ee.knu.ac.kr2 
Abstract

Engineering design education component in curriculum of engineering college is very significant for taking accreditation. Creative Engineering Design class for Freshmen is the introduction of the total design component. Freshmen design class at the School of Electronics Engineering, Kyungpook National University was introduced in Spring semester, 1999. The three credits/four hours program is provided for about two hundreds students each semester. This class is designed as four components; Creativity development exercise, Engineering basics experiment, Introductory design, and Creative robot design and contest. These components are deeply correlated with the educational objectives; Creativity, Teamwork, Communication skill, and Design ability. The creativity development exercise includes ‘Touch & draw,’ ‘Listen & draw.’ ‘Portrait and caricature,’ ‘Writing a story telling scenario using given stuffs.’ ‘Find out side functions of “something.”’ ‘Sketch a map to your home.’ ‘Essay writing for given book list,’ ‘Design a hybrid sports game.’ ‘Find out your “fence.”’ and so on. In the Engineering basics experiment, basic physics theorems experiments, RPM and torque measurement of dc motor, and energy conversion between electrical, mechanical, and thermal energies are pursued. Design of equal temperament tuned one octave bamboo panflute is given as introductory program. Main theme of this course is robot design. Team-based mission is suggested and two robots make one team. Two freshmen design and assemble one robot, thus, four students make one team. Final tournament is done on team vs. team battle. Course evaluation result shows that many student feel by hands-on experience what “Engineering” and “Engineering Design” is.
1.
Introduction
Historically South Korea (Republic of Korea) has experienced a fairly rapid development of higher education with the growth rate above 10%. Major universities in South Korea were established in 1946 after the World War II, only to be suffered during Korean War between 1950 and 1953. “Experimental University” was introduced in 1974 that required credits of 160 which had been reduced to 140. In 1990s, universities started to deploy course evaluation system, while more specific policy that requires minimum credit of 35 for a major became effective. Accreditation Board for Engineering Education of Korea (ABEEK), an organization to assess and to accredit each engineering programs’ performances, was finally established in 1999. Currently there are 197 four-year universities in South Korea (2007) with total student enrollment of 1.92 million, 0.51 million among them from Engineering Schools. There are 53,000 faculty members while 10,000 among them belong to Engineering Schools. 
 At KNU, there are 1,105 faculty members total (131 in Engineering College and 102 in IT Engineering College), 25,490 bachelor’s students total (3,085 in Engineering College and 2,846 in IT Engineering College), 5,304 master’s students total (340 in Engineering College and 388 in IT Engineering College), and 1,222 doctorate students total (143 in Engineering College and 141 in IT Engineering College). IT Engineering College consists of three divisions: School of Electronics Engineering, School of Computer Science, and Department of Electrical Engineering. School of Electronics Engineering (SEE) was first established as Department of Electronic Engineering in 1968 which was later designated as the first national specialized program for supplying qualified engineers to major industries in 1973. Notable milestones for SEE includes: (i) being selected as National program in 1994, (ii) being selected as Brain Korea 21 (BK21) project in 1999, (iii) starting NURI project in 2004, (iv) being awarded BK21 2nd Phase for graduate students with the budget of 4.2 million US dollars from 2006 to 2013, and (v) starting HRD Center for IT Convergence for undergraduate students with the budget of 4.5 million US dollars from 2009 to 2014. 
School of Electronics Engineering program has been accredited by ABEEK accreditation in 2006, as one of 15 accredited programs at KNU. Engineering design component more than 18 credits should be included in engineering curriculum as given in ABEEK’s Criteria. At SEE, creative engineering design class for freshman has been introduced  in 1999. [1]-[2]

This paper describes a course for introducing creative engineering design, which has been developed since 1999, at the SEE of KNU, Korea. This paper discusses how this course helps students to understand concepts of engineering design, encourage critical thinking, and build communication skills. 
2. Freshmen design course
2.1  Course components

The freshmen design course in KNU consists of Creativity Development Exercise, Engineering Basics Experiment, Introductory Design, and Creative Robot Design and Contest. It was first introduced in Spring Semester, 1999, offering nine three-credit classes per each fifteen-week semester with the enrollment of 40 students per each class. Each fifteen-week semester is structured as follows: course introduction for a week, engineering basics experiment for four weeks, introductory design for two weeks, creative robotic design and contest for six weeks, followed by assessment, evaluation, presentation and portfolio for two weeks. 
Table 1: Course’s time allocation for a semester
	Course Introduction;
	One week

	Engineering Basics Experiment;
	Four weeks

	Introductory Design;
	Two weeks

	Creative Robot Design and Contest;
	Six weeks

	Assessment, Evaluation, Presentation and Portfolio;
	Two weeks

	Total;
	15 weeks


The educational objectives of  the school of electronics engineering are nurturing creativity, teamwork, design ability, and communication ability. The relation between the course components and the educational objectives are as shown in Table 2.
	Table 2: Educational Objective vs. Course Component

	Creativity
	Basics Experiment
	Introductory Design
	Robot Design

	Creativity
	●
	
	▲
	●

	Teamwork
	
	▲
	
	●

	Design Ability
	▲
	▲
	▲
	●

	Communication Skill
	●
	●
	●
	●


2.2  Creativity Development Exercise
 There is a wide range of topics regarding creativity development exercise that are evenly distributed throughout the semester. During the class, students are instructed to convert various sensory information into creative outputs: (i) touching and feeling different material elements such as corn kernels, sunflower seeds, or eggs and drawing them, (ii) drawing a caricature from a portrait, (iii) listening classical music such as Chopin and draw its impacts, (iv) constructing a story from assigned items, (v) figuring out extra functions of objects, (vi) sketching a map showing one’s home location, (vii) writing an essay applying the ideas of assigned list of books, (viii) designing a hybrid sports game, (ix) finding out one’s “fence,” and (x) naming one’s own constellation from the assigned photo of night sky.
2.3   Engineering Basics Experiment
 During engineering basics experiment, students are directed to experiment basic theorems of science such as Pythagorean theorem, co-ordinate systems, densities, circular constant π, plane and solid angle, finding weight center, etc. Also, additional experiments in applied science or engineering field are provided to students as well: RPM and torque measurement of dc motor or conversion between electrical, mechanical, and thermal energies would be examples of them. 
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Fig. 1  Finding weight center experiment
2.4   Introductory Design: Bamboo panflute design

 One of the intriguing examples of introductory design course is designing a bamboo panflute that would make a one octave range of eight major seconds without any semitones (hence, eight pipes). Students are provided with a bundle of bamboo pipes with which they are supposed to design, measure, make, and adjust the instrument. At the end of the class, students are encouraged to play his/her instrument solo, duet, or team up with classmates to host a mini concert. 
2.5   Main Design & Contest

 For main design and contest course, students are directed to accomplish their missions with robots. As basic functions of the robots and the rule of tournament are suggested in advance, students are allowed five weeks to finish designing and assembling properly functioning robots. Each robot’s capability is tested at intra- and inter-class tournament, and final presentations follow with peer reviews. Certain guidelines had been set up to maximize students’ teamwork experience: (i) Mission is entirely team-based, as well as final tournament. (ii) Two freshmen design and assemble one robot. (iii) Two robots makes one team (therefore, four students compose one team). The list of design missions, the example of game rule, and the floor plan for the game arena are provided in Table 3, Table 4, Figure 2, respectively. 
	Table 3. Design missions for last 12 years

▶1st (1999.  6.24): Build up the tower. 
▶2nd (1999.11.23): Solve the Y2K problem.

▶3rd (2000.  6.27): Line up RNA and DNA for the genome project.

▶4th( 2000.12.19): Reconstruct railway to the North Korea. 

▶5th (2001.  6.22): Separation of dispensary from medical practice 

▶6th (2001.12.15): Airlift food and drug to Afghan refugees’ camp.

▶7th (2002.  6.21): 2002 FIFA  World cup  Korea-Japan  

▶8th (2002.12.23): Presidential election 

▶9th (2003.  6.20): Support Iraqi post war reconstruction.

▶10th (2003.12.19): Let’s plant trees in the campus. 

▶11th (2004.  6.18): Win-win society construction 

▶12th (2004.12.17): Construct new metropolitan city. 

▶13th (2005.  6.24): Guard Dok-do island. 

▶14th (2005. 12. 3): Detect explosives and abolish them. 

▶15th (2006.  5.27): 2006 FIFA World cup Germany  

▶16th (2006.11.23): Collect pollutant and remove them. 

▶17th (2007.  5.19): Run for 2011 World athletic meeting in Daegu . 

▶18th (2007.11.17): 17th presidential election 

▶19th (2008. 5. 17): 2008  Olympic torch relay in Beijing 

▶20th (2008.11.22): Remove bad goods in the market. 

▶21st (2009.  5.23): Remove bad bond in financial crisis.

▶22nd (2009.11.21): Save the people from swine flu.

▶23rd  (2010.5.22): Elect the local representatives.

▶24th (2010.11.20): Save the people from ‘Towering Inferno (skyscraper’s fire).’

▶25th (2011.5.21): Save the people from earthquake attacked area.


Table 4. Game rule example; “Save the people from swine flu.”
	· MD robot and Patient robot consist one team.

· Each robot is controlled by two students. Each student steer s and control the wheels and the arm, respectively. 

· Each robot must pass the size limitation; 

· 25cmx25cmx30cm, 30cm maximum length for arm and 2kg max.

· Start sign and the robots leave their homes.

· MD robot takes blood sample from the patient robot and hands over  the sample to the test site.

· At the test site, patient robot take yellow plate if the result is flu-positive, or take green plate if the result is flu-negative.

· At the care site, MD robot and patient robot exchange the plates with  vaccine for negative or  with Tamiflu for positive result, each other.

· Two robots return their home.

· Mission cleared.

· Time limit; five minutes.

· The team with shorter time to clear the mission is the winner.
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Fig.2. Game arena; 5mx2m
2.6   Outcomes
The students could learn that design approach of engineering system is a process of game which maximize the performance of the system with using limited resourses. The students could recognize that engineering problem is open ended problem, i.e., engineering problems do not arise in the real world as in the text books.
3.
Conclusion
This paper has described a freshman introductory course of creative engineering design at KNU. It is considered introducing engineering design concepts, nurturing creative thinking, and culturing communication skills. Accommodating hands-on approaches from the first year experience makes students feel engineering mind and triggers students motivation.
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