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Adventures in Engineering: A Unique Program to Attract Under-Represented Groups to Engineering Claire L. McCullough, Michelle Crull, and Daniel Thomas



Abstract-As part of the National Science Foundation’s Young Scholars program, a unique program to attract outstanding highschool students from groups traditionally under-represented in engineering was held at the University of Alabama in Huntsville. During a two week summer residence at the university, students participated in an intensive program involving labs and lectures in three major disciplines of engineering; discussed scientific method, engineering ethics, and aspects of many engineering disciplines; and designed and tested entries for an “egg-drop” competition. Follow-up activities continued throughout the school year. As a result of the program, 100% of the participants stated that they will at least consider careers in science or engineering, and 71% cite participation in the Adventures in Engineering program as a factor in this interest.



I. INTRODUCTION



T



HIS PROJECT was designed to give high-school students an exciting “hands-on” experience with different aspects of engineering, to acquaint these students with career opportunities in technical fields, and to explain academic requirements for education in these fields.The students were given a good foundation in engineering ethics and the proper scientific method of acquiring and presenting data. Small design projects were constructed to encourage originality and creative thinking rather than repetition of leamed facts. Students also leamed that engineering design is not a precise science with one right answer, but rather that “trade-offs” must be made depending on what criteria are used to choose the “best” design. The project was a two-week residential program at the University of Alabama in Huntsville (UAH) in June 1990, followed by weekend activities during the 1990-91 school year. The targeted participants were to include women, minorities, and other groups traditionally under-represented in the fields of science and engineering. This area of the country is mostly rural, and women and minorities are traditionally discouraged from pursuing “inappropriate” career options such as engineering. The University of Alabama in Huntsville is making progress in the fight against such attitudes, especially for women, as is shown by the relatively high percentage of women enrolled in engineering at UAH (currently over 20%). The College of Engineering has also actively pursued the representation of women and minorities on its faculty. Manuscript received July 1991. This work was supporteed by the National Science Foundation’s Young Scholars Program (grant number RCD-8955483). C. L. McCullough was with the University of Alabama, Huntsville, AL 35807. She is now with the U.S. Army Space and Strategic Defense Command Advanced Technology Directorate, Huntsville, AL. M. Crull is with the University of Alabama, Huntsville, AL 35807. D. L. Thomas is with the University of Alabama, Huntsville, AL 35807. IEEE Log Number 9214233.



Two female faculty members at UAH had participated as high-school students in programs sponsored by the National Science Foundation (NSF). Although these programs were substantially different from the project described here, the exposure to engineering and science during these programs not only cemented their decisions to study engineering, but also stimulated them to pursue postgraduate degrees, enabling them to serve as mentors and role models to women and minorities currently entering technical disciplines. The project discussed here was specifically designed to help combat the attitude that certain persons cannot be engineers because of their race, sex, or economic background. By exposing middleand high-school students to a broad-based program of study and introducing them to several fields of engineering. the directors hope to encourage the study of technical fields by students who otherwise might not consider such careers. Although a narrow field of research in a specific area of engineering (which is stressed by other such programs) can advance the knowledge and experience of high-school students, the students must first be interested in the technical field of research. Without this initial interest and enthusiasm, attracting students to participate in a specific area of research would be impossible. The originality of this project is its focus on a broad exposure to many types of engineering and scientific methods and concerns, in order to foster this interest. Thus, rather than trying to attract students who have already decided on technical careers (as is the goal of other programs), the target group of this program was students who have an aptitude for science and mathematics, but who would not necessarily consider careers in engineering and science as realistic options. This project is also original in that the material presented in the engineering disciplines is not “watered down,” but is actually material usually taught in the sophomore or junior years of a college engineering curriculum. The large amount of personal attention provided to each student in the program makes this possible. 11. TECHNICAL ACTIVITIES



The Adventures in Engineering program residential portion was held at the University of Alabama in Huntsville June 17-30, 1990. Eighteen participants were chosen from a large pool of applications based on three objective criteria: grades, a reference from a science or math teacher, and an essay on the role of engineers in society. To be eligible for this program, a student has to meet the following requirements: be entering the sophomore or junior year of high school, have successfully completed Algebra I and either biology or chemistry, and have
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an overall B average. The reason for selecting this age group was that the students would have a sufficient background in math and science to derive benefit from the activities, and yet would still have two years of high school remaining in which to meet the math and science requirements for admission to a college program in science or engineering. Although students were chosen solely on the basis of ability, the goal of attracting students from under-represented groups was amply met as 14 of the participants were female and five belonged to minority groups. We received no applications from qualified economically disadvantaged or handicapped students, but did have five participants who came from lower middle-class or blue-collar backgrounds. The summer program schedule began each day with a lecture on engineering careers, trade-offs in engineering design, careers in math and science, research methodologies, and so forth. These lectures were given by faculty and engineering professionals who donated their time to the project. Most of these were well received by the students, and gave them exposure to aspects of engineering not stressed in the program, such as nuclear and aerospace engineering. Each day, the speaker was invited to have dinner with the students to continue discussions in a more informal setting. Also covered in this portion of the program were the scientific method and proper methods for collecting and recording data (for example, students were required to record all work in labs in a bound laboratory notebook, signing and dating each entry, as is required in many industrial situations). On the first day, instead of a lab, a presentation and discussion were held on engineering ethics. This included presentations of scenarios on such ethical topics as sexual harassment and the Chemobyl incident. Students became very animated in the discussion of these issues; this served as an excellent ice-breaker and helped students become comfortable with working in groups. After the career lectures, the students were divided into three groups, each of which received a lecture in one of the three areas of engineering (civil, chemical, and electrical) emphasized in the program. In the course of the program, each group rotated through a sequence of nine activities, three in each emphasized field. The lecture covered concepts to be used in the laboratory to be performed that aftemoon. In each lab, a professor and a lab assistant worked with each group of six students. This personal attention helped students understand concepts and perform experiments beyond their current backgrounds. A brief discussion of each lab is included below. After all groups had completed a lab, the professor in charge met with the entire group after dinner to discuss what each group had learned, insights that had been developed, and problems that each group had encountered. These sessions gave students a chance to share information and to express their opinions a: to how labs and lectures could be altered to be more educational and effective. The civil engineering activities were concrete-mix design, bridge-truss anawsis, and computer-aided drawing. In the concrete-mix design laboratory, the students were introduced to some of the factors affecting the strength of concrete, and were led through an example in which a mix
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was designed based on the use of the concrete and the 28-day design strength. The students then did similar calculations. In the laboratory, the students were given the necessary tools and ingredients to make the concrete mix they had designed. These specimens were tank cured and tested at seven, 14, 21, and 28 days. As the students had left before the last three tests were done, these results were mailed to them. As specimens were removed from the molds, the students examined them for voids and signs of poor mixing. Since all of the students started out with the same ingredients and the same mix design, the difference in strengths achieved was due to the quality of mixing and specimen formation, and thus emphasized the importance of good laboratory practices. In the computer-aided drawing lab, a canned drafting program was used and the lecture was based on explaining the functions of the program necessary to complete the drawing. The students saw how the computer could be used to create good quality drawings in a relatively short period of time and how patterns for often-used items could be created once and recalled whenever needed. Overall, this lab taught the students some standard drafting practices and the students learned that the computer could be a valuable tool in design. In the bridge-truss analysis, students were introduced to forces, moments, reaction, and static equilibrium with a series of demonstrations, and were then shown the calculations to determine forces in each member of the experimental truss when it was subjected to a force at the experimental point of loading. Strain was explained, and the students were introduced to the concept of stress. Using the forces in the appropriate member, the students calculated the theoretical strain in these members due to the applied load. In the laboratory, two different loads were applied and the strain in representative members was determined using strain gauges. In comparing the theoretical strains to the experimental strains, errors were found. Some possible reasons for the errors were discussed, including the possibility of faulty strain gauges, and torsion and bending introduced by the method of loading. This lab was a success from the point of view of demonstrating the principles of strain in members of a truss. The relative values of the strains in the members were the same as the relative theoretical values of the strains. Also, this experiment showed the students the importance of being able to check experimental results with analytical calculation and vice versa. Chemical engineering experiments covered fluid dynamics, thermodynamics, and electrochemistry. The fluid dynamics experiments involved the use of a wind tunnel to measure the coefficients of lift and drag for a model of a SR-71 Blackbird fighter. The model was tested at two different airspeeds, and at angles of attack between -14 and +14 degrees. Students all seemed to have an understanding of the use of wind tunnels in research and industry, and enjoyed the hands-on involvement in taking their own data and making their own experimental adjustments. The lecture preceding this laboratory covered boundary layers and Bernoulli’s equation. The use of Bernoulli’s equation in showing that the velocity is higher and pressure is lower on one side of an airfoil was made in explaining lift.
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al.: ADVENTURES IN ENGINEERING: A UNIQUE PROGRAM T O ATTRACT UNDER-REPRESENTED GROUPS T O ENGINEERING



The thermodynamics experiment involved the use of a vacuum pump and distillation apparatus. The first part of this experiment showed that as the pressure imposed on a liquid changes, the boiling point of the liquid also changes. At each pressure, the students recorded a boiling temperature, then plotted these points on a graph as the inverse of absolute temperature versus pressure. They then determined the slope of the line, and the change in the heat of vaporization was determined. The second part of this experiment showed a true distillation by the addition of heat to a mixture of acetone and water. The students observed that the boiling point of a mixture of substances was different than the boiling point for a pure substance. Samples of distillate residue were then collected, and students tested the difference in acetone concentration. The topics that were covered in the experiment on electrochemistry were corrosion, electroplating, electroless plating, and chemical batteries. In the corrosion part, pieces of iron and copper were placed in a saline solution. The students measured a current and voltage between the pieces of metal, and calculated the weight loss per year. Also, they observed what happened when the concentration of oxygen in the solution changed, and what happened when a piece of zinc was placed in the circuit. The electroplating part of the experiment showed how copper is plated on nickel using a solution of copper sulfate and an electrical current. In the electroless plating part of the experiment, it was shown that nickel metal was deposited on copper when it was immersed in a hot solution of nickel ions and reducing agent. The differences between electroplating and electroless plating were then explained and their uses in industry were discussed. In the last part of the experiment, a battery was constructed using zinc, copper, filter paper, and sulfate solutions. An emf of roughly one volt was measured. Two such batteries were then used to light a flashlight bulb, enabling the students to see that current was actually passing through the circuit. Three electrical engineering laboratory experiences were included in the two weeks of the program. The first was a lab stressing fundamentals of logic circuits. The lecture coupled with this lab covered circuit concepts including Kirchoff‘s laws, Boolean algebra, and logic circuit design using Shannon’s expansion theorem. In class, students cooperated in designed a half-adder, which students later built and tested in the lab. In the lab, students also constructed input and output circuits compatible with standard TTL chips. These were then used in construction of a circuit realizing an unknown Boolean function, which students then identified. All circuits were constructed on breadboards. The goal of the TTL experiments was to give students a good overall experience utilizing the concepts and to teach skills students could carry over easily into their own projects for science fairs, and so forth. The second electrical lab built on concepts from the previous one. The lecture stressed sequential circuits, using flipflops of various types as the required memory elements. In the lab, students built and tested a sequence detector to detect a binary sequence of a logic “1,” two or more “0’s”’and another “1.” The necessity of using a debounced switch as clock to edge-



5



triggered flipflops was emphasized, and such a switch was constructed and tested. LED’s were used as output indicators. Also built and tested was a counter to count an odd binary sequence, and the necessity of considering all possible initial conditions when doing a design was demonstrated. This lab was thought by the NSF reviewers to be too difficult for high-school students (this material is normally covered in the sophomore year of a college electrical engineering program), but because of the small working groups and low student-tostaff ratio, the students had no real difficulty with the lab, and felt a great sense of accomplishment at its successful completion. The third electrical engineering lab covered concepts of robotics and control. The lecture gave a history of robotic advances; concepts such as work volume, accuracy, and repeatability; and standard control ideas. The actual mathematics involved in robotics is far beyond the level of high-school students (robots are govemed by a set of nonlinear, sometimes time-varying, differential equations), but students were able to comprehend many of the problems involved in robot control. In the lab, students controlled robots using a computer keyboard, master-slave methods, and control through BASIC programming. Students used these tools to measure accuracy, repeatability, and work volume for the Mentor robot arms used in the experiment. A control demonstration was also set up to allow students to control an analog computer system using a joystick and to compare this to the behavior of the system when computer-controlled. All of the electrical engineering labs were very challenging for the students, yet within their capabilities, and gave them good understanding of, and enhanced interest in, the concepts covered. Reviews of the labs by the students were overwhelmingly positive. The students spent one day at NASA’s Space and Rocket Center in Huntsville. In addition to the usual center activities, students saw several NASA films, and were taken on a bus tour of Marshall Space Flight Center. Also, because of the special nature of our program, they were allowed to try some of the simulators used to train astronauts. Even though some of the students had visited the center before, the additional activities, especially the hands-on simulator experience, made their visit a positive one for all participants. On the last night of the project, an “egg- drop” contest was held. The students were sent rules for the competition with their invitations to participate in the program. Each student designed a container in which an egg would be placed; the egg and container were then dropped from a second-floor balcony. Any entry in which the egg did not survive was disqualified. The remaining entries were given points based on relative weight, relative size, and originality. Students showed great imagination in their entries, packing eggs in everything from doughnuts to Rice Krispies. One design suspended the egg in a net made of nylon stockings, and the most artistic entry was a large Styrofoam chicken. Of the entries, approximately 85% kept the eggs from breaking, showing how well the students had absorbed the design concepts covered in the program. Several students cited this as the most exciting and interesting aspect of the project, and found
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great stimulation from exchanging ideas with other students. It was the tremendously positive response of the students to this activity that led the directors to emphasize this type of activity in the follow-up portion. Follow-up activities were designed to continue the exposure to hands-on engineering experiences and real-life engineering job situations that were stressed in the summer portion of the program. Activities were held approximately every other month, for a total of five activities during the school year. The first such activity was a soil identification lab, to introduce students to concepts of geotechnical engineering. Here, they were taught some of the soil classifications, such as particle size distribution, and Atterberg limits and indices. They then did experiments on a given soil sample to determine these classifications. The next follow-up project was the design of a cantilever structure to support a standard building brick as far as possible from the side of a table, using only two fingers on the table as supports. The third activity was an “egg-replacement’’ contest in which a tin pie pan containing four eggs was placed in the center of a circle 10 ft. in diameter. Without entering the circle or breaking the eggs, the students were required to replace the eggs with ping*pong balls. Entries were judged on weight, number of eggs successfully replaced, time required, and originality. Such hands-on design activities (which are part of many undergraduate engineering programs) are not only enjoyable for the students, but also give students first-hand experience in solving problems with constraints-a classic definition of “engineering.” The next activity was an oral presentation contest in which each student gave an oral report on the Adventures in Engineering program. Presentations were videotaped, and were judged on presentation, organization, content, and use of visual aids. The final followup activity was a contest in which each student designed a balsa bridge, with constraints on size, materials, and construction method. This activity was designed to tie in with the bridge-truss analysis experiment performed in the summer. 111. CURRENT DIF~CULTIES The one unfareseen difficulty encountered was in recruitment. Because of the short time between receipt of funding and application deadline for the program, project information was sent to high-school guidance counselors, with the request that they disseminate it to qualified students. Unfortunately, many counselors shofled little interest in the information, even after repeated follow-up calls. These conversations made it clear that some of those whose job it is to advise students on career opportunities are perpetuating the myth that women, at least, should train for “appropriate” careers such as secretarial jobs and nursing, and should not expect to be able to mix careers with families. The students who participated in our program saw that it is definitely possible to mix a technical career with traditional family pursuits, as one of the engineering professors conducting the program was noticeably pregnant at the time of the summer portion; however, other high-school students may not be getting this message. The schools in which we had direct access to science and math teachers showed a much



TABLE I SUMMARY OF STUDENT REACTIONS TO THE PROGRAM



recommend this



wider spread of the program information. Thus, in the future, recruiting will be done through these teachers, rather than guidance counselors.



Iv. REACTIONSTO



THE PROGRAM



Students showed a great deal of enthusiasm for the program, as did the parents of participants. In the evaluation forms that the students filled out at the completion of the summer portion of the project, reviews were uniformly positive. Some key responses from these forms are summarized in Table I. We found it greatly encouraging that all students felt the program was worthwhile, all would recommend it to their friends, all now consider engineering and science as at least career possibilities, and 71% said this decision had been affected by program participation. Reviews of faculty, content, length, and so forth were all positive, and some students requested that we develop an advanced program for second-year participation so that they could return for a further engineering experience. This may be incorporated into the program in later years.



V. CONCLUSION It is our judgement that this program accomplished what it set out to do, in demonstrating to under-represented groups the excitement and potential of careers in science and engineering. One student commented that we should be proud of ourselves for “running such a great program.” We feel that many other universities could benefit from conducting such programs, and that they could help engineering schools to draw on the virtually untapped sources of engineering students that women, minorities, the economically disadvantaged, and the handicapped represent.
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Claire L. McCullough received her BE, MSEE, and Ph.D. degrees from Vanderbilt University, the Georgia Institute of Technology, and the University of Tennessee, respectively. After receiving her doctorate, she was an assistant professor of electrical engineering at the University of Alabama in Huntsville for four years. Since this paper was written, she has left the university and is now a senior electronics engineer at the U. S.Army Space and Strategic Defense Command’s Advanced Technology Directorate in Huntsville, AL. Her research interests include control theory, and controls using neural nets and fuzzy logic.



Michelle Crull received her Ph.D in civil/structural engineering at Vanderbilt University, and both her B.S. and M.S. in civil engineering at the University of Mississippi. Dr. Crull’s dissertation was on “Adaptive Mixed Method p-Version Finite Element Analysis of Rotational Shells” and her thesis was on the “Aid of Microcomputers in the Design of Prestressed Concrete Highway Bridge Support Girders.” Dr. Crull is currently an assistant professor of civil engineering at the University of Alabama in Huntsville, AL. Her more recent research has been in the area of nondestructive evaluation of steel and concrete as a space construction material. As a graduate student, Dr. Crull was a teaching assistant, and quality instruction has always been important to her. Dr. Crull has served as faculty or co-faculty advisor for the student chapter of the American Society of Civil Engineers the entire time she has been at UAH and is active In the local professional section of ASCE.
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Daniel L. Thomas received his BS and Ph.D. degrees in Chemical Engineering from Brigham Young University. He came to the University of Alabama in Huntsville as an assistant professor of chemical engineering in 1986. His research is concentrated in the areas of experimental investigation and modeling of electrochemical systems, batteries and fuel cells, corrosion, and electrolytic processes.
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