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Abstract

As more universities struggle with measuring the intangibles required by the ABET 2000 accreditation criteria, some of the items that the author has observed, as an ABET accreditation visitor, to have proved most troublesome to demonstrate are ABET f, h, and j:

(f)      an understanding of professional and ethical responsibility;
(h)     have the broad education necessary to understand the impact of engineering solutions in a global and societal context;
(j)       knowledge of contemporary issues (Engineering Accreditation Commission, 2002) 

While some schools devote a course to ethics, taught either by technical faculty or by such departments as Philosophy, the pressure many state universities are under to decrease the number of total hours in their degree programs may make this impractical. An example of how this material can be incorporated naturally into upper level engineering courses is suggested here.  In Fall Semester 2002, a single semester-long assignment was added to the University of Tennessee at Chattanooga's standard senior level Analog and Digital Communications course to address these three items.  

Measuring the Immeasurable

As part of ABET EC2000, in addition to the programmatic requirements for the discipline, each program must be able to demonstrate, preferably by multiple means, that students meet all of the (a)-(k) requirements, which are considered by ABET to be critical for all engineering graduates.  While some of the items, for example "(a) an ability to apply knowledge of mathematics, science, and engineering" are easy to understand, and lend themselves relatively well to the kinds of measures and metrics that engineering programs have used in the past, it has been my observation, as an experienced ABET accreditation visitor for Electrical Engineering programs under both ABET EC2000 and the previous set of EAC criteria, that many schools are struggling with how to measure the intangibles required under the current criteria.  For example, we can cover ethics in our courses, but how can we measure whether our students demonstrate a true understanding of the ethical responsibilities related to our profession?  While some schools devote special courses to these aspects of engineering, more and more state institutions are being pressured to decrease the total number of credit hours required for the bachelor's degree:  in this climate, adding an additional course is a luxury which many programs can no longer afford.

The Exercise

In preparing  for the planned ABET visit to the University of Tennessee in Chattanooga in Fall 2003, as part of our continuous assessment and improvement processes, the Electrical Engineering Faculty had noted a concern in the area of measuring understanding of professional and ethical responsibility, understanding the impact of engineering in a global and societal context, and knowledge of contemporary issues.  While we were surveying both seniors and alumni and asking how well we had succeeded in communicating these core values, we could point to no objective, scorable assignments where all of these were addressed.
In the previous times I have taught ENEE 473, "Analog and Digital Communications," to seniors at UTC, I have required students to write a technical paper, which counted 20% of the total course grade, on one of the issues, techniques, or technologies covered in the course.  In Fall semester 2002, the assignment was stated as follows:  

Identify a way in which a communications technology has impacted society, for better or worse.  

Discuss both the technical aspects and the societal impact of the technology, and support what you believe to be an ethical engineering response to that issue. 

This assignment required both a written paper of 8-10 pages with at least 3 references, and an oral presentation to the class, using appropriate visual aids. In addition, references were required to be credible, attributable, and non-ephemeral, which rules out most internet sources.

Several discussions were required in class in order for some of the students to understand the credibility of sources, as they tended to regard anything they found written, even on the internet, as being reliable information.  The issues students discussed included presence of an identifiable author for given information, credentials of the author, how rigorous the research supporting the conclusions seemed to be, how the research was funded, and whether an organization reporting or funding the research had a perceptible bias on the issue.  These were issues which several of the students, though seniors, had never considered.

The class also discussed at length ways in which some items could have both positive and negative impacts, and the fact that in some instances, ethical engineers could take opposite positions on a single issue.  These discussions seemed to be, for some, the first time when they had seriously considered how their work as engineers could impact the world for better or worse, and that by the career paths they chose to follow, they would be making a decision with ethical and moral elements, as well as work location and starting pay.

These discussions, and the variety of topics chosen by students for their presentations, made most of the students appear to be more engaged in this assignment than previous classes which had only talked about the technical issues, with no thought to ethics or impact.

Some of the topics selected by students were:

· The Ethical Use of GPS Tracking Technology,

· The Aesthetics of Cell Towers,

· The Ethical Use of Radioactive Power Sources in Communication Probes and Satellites,

· Noise-Induced Hearing Loss,

· Medical Implants, and

· Long Term Health Effects of Cell Phone Use.

The students were required to address the technology, the societal impact, and the "ethical engineering viewpoint" in both the papers and the oral presentations, and each of these elements contributed to the grade.  The papers were graded only by the professor, but the oral presentations were evaluated by each of the other students as well, and written feedback was provided to the student on both the oral and written portions of their work, and in how well they had dealt with technical, societal, and ethical aspects.

Results

There was a considerable variance in the level of understanding shown by students in both the societal impact of engineering technologies, and in the ethics related to these.  

An example of a paper which had an excellent mix of the technical, societal impact, and ethical considerations was the one written on medical implants by student Dean Naylor.  The paper discussed the development of implantable identification devices, which can include medical information, as well as identity.  Mr. Naylor did a thorough job of discussing possible uses of the technology, both ethical (such as use for identifying Alzheimer's patients who might be prone to wander away and not be able to identify themselves or know if they were in danger) and unethical (for example, a potential employer using encoded medical information detected without permission of a potential employee to accept or reject employees on the basis of their medical histories).  This student also discussed potential issues related to civil liberties, and the potential for use by authorities to obtain information from criminal suspects without their consent, thereby possibly violating the Fifth Amendment protection against self-incrimination.  Mr. Naylor discussed the potential effects each of the potential uses could have on society, and the ethical issues, such as possible forced use, which would make him unwilling to work on such a project, although there were both positive and negative potential uses of the technology.  During his oral presentation to the class, there was spirited discussion, which highlighted the fact that ethical persons may have different perceptions of the proper response to a certain issue, with some students feeling that the potential benefits of the technology outweighed the possible misuses, and others taking, and defending, the opposite view.

Another student, Robert Lansford, did a very interesting discussion of how the ethics of a situation could change over time.  The specific example he discussed was that of spread spectrum technology.  Spread spectrum was originally developed for military use, enabling coded transmissions which are both difficult to detect and difficult for an enemy to jam.  Several of the students in the class were vocally opposed to working on any military technology or applications, on the grounds that they felt anything which promotes conflict is unethical.  However, the current major, and growing, use of spread spectrum is in cellular telephones, enabling the reuse of the increasing crowded available bandwidth by multiple users simultaneously.  None of the students who objected on principle to working on military applications had any qualms about working in this area now that the primary use was commercial.  This clearly illustrated to the students that ethical decisions made during their careers may need to be periodically revisited, in the light of new developments or applications.

These two papers, and several others, fulfilled all the requirements of the assignment, and clearly demonstrated the grasp of contemporary issues, impact of engineering choices on society, and professional ethics which the assignment was designed to demonstrate.  Other students were not as successful in meeting the goals set. Some students gave an excellent objective discussion of the impact and ethics of a situation, based on research in the literature, but then drew conclusions not supported by the data they had collected, but instead based on emotion or on previously settled opinions.  In the class discussions during the oral presentations, these anomalies in data and conclusion were highlighted, and discussed.  Other students gave much more credence to some references than to others, based on pre-conceived notions rather than on an objective evaluation of the sources--for example, the student who accepted as valid all sources from environmental groups, but treated all government information with skepticism.

A few students did not fulfill the goals of the assignment, writing essentially a technical paper, with a small amount of "lip service" to the ethical and societal issues.

At the end of the course, a survey was administered asking, in addition to rating other aspects of the course,

1.  
Did the societal/ethical impact assignment contribute to better knowledge of contemporary issues?

2.  
Did the societal/ethical impact assignment contribute to better understanding of professional and 
ethical responsibility?

3.  
Did the societal/ethical impact assignment contribute to better oral and written communication 
skills?

The student responses to this question are shown in Figure 1.
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It can be clearly seen that the vast majority of the students did feel that the assignment contributed to what are essentially ABET (f) and (j), two of the items this assignment was meant to address.  No questions were asked regarding (h) "broad education necessary to understand the impact of engineering solutions in a global and society context," (Engineering Accreditation Commission, 2002)--my goal was, by examining the papers and presentations they produced, to objectively evaluate whether this had been demonstrated.  My conclusion, based on the topics, relative coverage on technology vs. issues, depth and understanding demonstrated, was that approximately 75% of the students showed this successfully.  While this conclusion is subjective, a representative sample of the papers, which will be available to the ABET accreditation team, will allow them to make their own independent assessment of how well (h) has been demonstrated.  For (f) and (j), the evaluators will have not only their own assessment, based on the papers themselves, but the subjective self-evaluations of the students from the surveys.

The students were also asked how well the ethics/societal impact assignment had contributed to their understanding of the technical material on analog and digital communications covered in the course.  These results, shown in Figure 2, show most of the students recognized the value of the assignment to course coverage.  
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These results are comparable to those received in the past, when the paper was purely technical in nature.  However, compared to past classes, the students appeared, for the most part, to be more interested in their topics, to give more thought to their writing and their oral presentations, and to be much more interested in the oral presentations given by the other students.

The students demonstrated a level of originality in identifying different societal impacts from the same technology: for example three students did papers on cell phones, but one addressed the convenience vs. the annoyance factor, one addressed the aesthetics of the cell towers necessary for operation, and one addressed the potential long-term health effects of usage.  The range of references which the students used for ethical input was also quite widespread, including environmental websites, government information, the IEEE Code of Ethics, and the King James Version of the Bible.

While this was the first semester this assignment has been used, results are very encouraging, and a similar assignment is planned for the next time this course is offered.  However, as with any first iteration, improvements can be made in the future.

How this exercise could be improved

As students had a great deal of variance in the relative amount of coverage given to the technical issues related to course coverage, the societal impact, and the ethical engineering response to this impact, in the future the  proportions will be more strictly defined.  More discussions of evaluating the credibility of resources could be useful, as some students do not seem to have ever considered this before; perhaps as part of the initial outline and list of references due during the first few weeks of the semester, a discussion of how the student planned to evaluate source material might be required.

While assessment might be improved by having additional outside persons attend and rate the presentations or the papers, in a small department such as ours, finding a sufficient number of people willing to do this might be a problem.  Also, video-taping the presentations would provide additional objective material for ABET review, but is not practical in this case due to budget constraints.

As part of the course evaluation, the students are asked how well the course as a whole, including the ethics/societal impact assignment, met the ABET outcomes stated as goals at the beginning of the course.  The results of those relevant to this paper are shown in Figure 3.
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These show that some additional attention needs to be paid in the area of knowledge of contemporary issues; however, issues related to material covered in a technical engineering course is a topic which could be injected naturally into many engineering courses.  One student, who had entered the UTC program as a transfer, and so did not have the freshman courses where our ethics coverage is first introduced, wrote as a comment that before this assignment, he had no real concept of what we meant by "professional ethics," although the UTC faculty identify many courses where we believe he should have been exposed to these ideas.  This might indicate that a series of such assignments, at least one in each year of the student's program of study, might be advisable.

How this exercise could be used in other courses

Similar assignments could easily be made in many other electrical engineering courses.  The time required for the professor in assessing this assignment was no greater than for the technical papers previously required, although the time spent by the students in both researching and formulating opinions was probably greater than that necessary for a purely technical assignment on the same technology.  Other UTC courses where similar technology/ethics/societal impact papers or presentations could be appropriate would include "Introduction to Controls," where topics might include the impacts and ethics of complete computer control vs. "man in the loop" systems; "Power Systems," where ethics and impact of alternative power sources could generate a number of appropriate topics; and "Electronics," where the effects of miniaturization on modern communications and medical practice might be addressed.

For courses where the professor does not wish to make a major research assignment, micro-insertions of similar relevant topics could be incorporated:  for example, the professor might identify a societal impact of a course-related technology, and give a homework assignment for the students to write one page taking, and defending, an ethical position in response to that impact; or the professor might give the technology (e.g., cell phones), and have students write one page on the positive and negative effects this has had, or could have, on society, both locally and globally.

Conclusions

While Fall 2002 was the first time this assignment was used, results were encouraging.  The assignment provided both subjective (student self-assessment and surveys) and objective (examples of the work) evidence which can be provided to the ABET accreditation team that (f), (h), and (j) are being met in the program.  The same sort of assignment, or micro-insertions on similar ethical/societal impact topics, can be added to many electrical engineering courses without undue burden on either the professor or the students.  Therefore, this approach is considered to be a promising way to measure the intangibles required by EC2000.
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Figure 2:  Student responses to the statement "For my understanding of the course material, I considered the societal/ethical impact assignment to be:"








Figure 3:  Student evaluations of how well the course met goals for


	(f)  an understanding of professional and ethical responsibility


	(j)  knowledge of contemporary issues


	(g)  an ability to communicate effectively
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Figure 1:  Student responses to the questions:


1.  	Did the societal/ethical impact assignment contribute to better knowledge of contemporary issues?


2.  	Did the societal/ethical impact assignment contribute to better understanding of professional and 	ethical responsibility?


3.  	Did the societal/ethical impact assignment contribute to better oral and written communication 	skills?
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