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The focus of this unit is on the connection between technology and other fields of study and how technology can drive change within a society.  Upon the completion of this unit, you will know:

· How to determine a successful and non-successful engineering endeavor

· How to access information on engineers

· How to determine the historical influence on an a particular engineer

· How personal and professional ethics influences engineering decisions

· How society has benefited from a particular engineering development

You will also be able to answer the following questions at the end of this unit.  Keep referring back to these questions as you work on this unit.

1. How are the objects we use on a daily bases created?

2. What is the connection between ethics and inventions?

3. Should engineers be concerned about things like efficiency?

4. Is someone technologically literate because they have an engineering degree?

5. How has engineering changed over the years, or has it?

Engineering Ethics
What does this mean?  An ethics statement from the Engineers Council for Professional Development says “Engineers shall hold paramount the safety, health, and welfare of the public in the performance of their professional duties”.  Engineers and technicians must uphold and advance the integrity, honor, and dignity of the engineering profession.
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Legal responsibilities are those related to carrying out contractual obligations. Some engineers, who are in business for themselves as consultants, enter into direct contractual agreements with clients, and are legally bound to live up to the performance standards specified. Most engineers, (unlike other licensed professionals like doctors, dentists, and lawyers), generally are not independent contractors. They often are company employees, and as such, are duty bound to act in the interest of the company and carry out its contractual obligations.

SOCIAL RESPONSIBILITIES

Engineers also have social responsibilities. Engineers, in the course of their work, must keep in mind that they must design and implement with a social conscience. According to Professor Deb Johnson (Rensselaer Polytechnic Institute), engineers must "design for humanity." However, engineering design always involves some degree of risk; engineers have an obligation to inform their publics about the risks inherent in these designs. Risk/benefit trade-offs should be assessed on the basis of their impact on society, the individual, or the environment.
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Engineers bear responsibilities to society, their profession, their employers, their families, ' and to themselves. When these responsibilities come into conflict, engineers are confronted by ethical dilemmas.

How should engineers react when faced with decisions that might place their own personal or professional values in conflict with those of employers or clients? Engineering decisions may involve making trade-offs that could save money or time, but such steps may cost human life, or reduce environmental quality. At what point do engineers stop increasing safety or quality, and accept an increased risk to human life or the environment, for the sake of keeping costs down? How much is human life or environmental quality worth?

The challenge of resolving such ethical dilemmas is a very real one for engineers. Individuals and companies must give on-going attention to the resolution of ethics issues. If an employer or client is not willing to face and discuss ethical conflicts, the engineer has an increased challenge of where to go, and who to turn to in discussing the dilemma.

WHISTLE-BLOWING
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Occasionally, tensions may result when engineers, who are loyal to the company and dependent upon company good will for compensation, promotional opportunities, and benefits, feel that there is a conflict between a company practice and their own social conscience. When an employee decides to notify someone outside the company about potential dangers or unethical behavior inside the company, this is called "blowing the whistle" on the company. The individual may report the issue to a newspaper or to a regulatory agency in attempt to bring public pressure on the company to change its practices. Engineers may become "whistle-blowers" when they feel the company is not responsive to their concerns for the safety of people or the environment. Allan McDonald and Roger Boisjoly, were engineers who worked for Morton- Thiokol. They questioned the O-ring seals on the challenger rocket booster before the disaster. The employer demoted both men. The next reading will go further into the challenger incident.

Another instance of whistle blowing occurred in 1972, in San Francisco. Three engineers, Holger Hjorstvang, Max Blankenzee, and Robert Bruder, expressed concerns about the safety of the Bay Area Rapid Transit (BART) system to the BART oversight board. Their concerns were dismissed, and the three engineers were fired. The press publicized the issue. The engineers claimed that they were adhering to their professional code of ethics, which required them to hold "the public welfare as a paramount."

Not long after, a BART train malfunctioned because of the problem pointed out by the engineers, and overran a station injuring passengers. The Institute of Electrical and Electronics engineers gave an Award for Outstanding service in the Public Interest to the three men.

Ethical dilemmas occur most commonly when engineer's place schedules ahead of quality. Testing and inspection procedures provide assurances that products meet quality standards; but under pressure from supervisors to meet schedules, the engineer might consider eliminating or curtailment of these procedures.

Whistle blowing may seem to be the only way to bring attention to a problem if the employer or client refuses to acknowledge it. However there are high risks to the individual whistle-blower. Whistle-blowers are usually seen as serious troublemakers and often suffer demotion, firing or even blacklisting within the industry. Corporations sometimes expect loyalty from their employees above all else. To question the judgment of an executive or manager is unfortunately seen as disloyal. Potential whistle-blowers must think very carefully about the risks they are incurring and the alternative ways they could affect change.

RESOL VING ETHICAL DILEMMAS

To help engineers resolve ethical dilemmas, companies can institute procedures that encourage employees to raise their concerns with the management. Perceived problems may be reported through channels of communication that respects the engineer's anonymity. At McDonnell Aircraft, in St Louis, engineers have two routes that they can take. The first route is via the manager of the particular project that they are working on, for example, the F15 airplane project. The second route is via their functional manager; that is, a person who is an aerodynamicist would also report to someone with supervisory experience in his or her own discipline (another aerodynamicist, perhaps).

Raytheon Corporation in Lexington, Massachusetts has gone so far as to name a Director of Corporate Ethics. The company has instituted policies that require employees to surface problems internally (within the company). The problems are investigated, corrected, and feedback is provided to the person who had originally raised the issue. The Director's objective is to make sure that the corporate culture (the ethical values of the company and the conduct and the standards that guide workplace decisions) is communicated to all employees and suppliers. When company employees work within an atmosphere where problems are raised confidentially, and corrected, they are less likely to become disgruntled whistle-blowers.

Whistle blowing has sometimes served to alert the public, and confront a company with a very real danger. However, it has clear detrimental effects on both the company and the individual. Although their conscience compels them to speak out, whistle-blowers do not usually become highly praised heroes. It is often difficult to get a job with another company once the employer labels someone as a troublemaker. A few states have begun to enact legislation to protect whistle-blowers from losing their jobs.

It is in the interest of individual engineers, employers, and managers to learn how to recognize and resolve ethical dilemmas in the workplace. Creating channels for internal discussion of these issues, in an important first step. In some companies an ombudsperson of ombudscommitee enables the individual to step outside the hierarchy of corporate authority to discuss the ethical problems in a non-threatening environment. This person or committee must have sufficient influence in the organization to resolve the problem.

Clearly communicating high ethical standards helps the engineer make difficult decisions. If the corporate culture is such that regardless of the pressures, the corporation's reputation for quality and integrity is of paramount importance to them, engineers will be encouraged to surface ethical dilemmas and make more ethical decisions. In cases of questionable or faulty practices which engineers have been unable to change or influence, they may become whistle-blowers in order to uphold their obligations to the public and their profession.
Science and Engineering
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Engineers, especially leaders in the engineering profession are frustrated that Americans do not understand engineering.  A recent Harris Poll revealed that 60% of adult Americans are not will informed about engineering.  Perhaps the number is much higher.  In addition, engineering is almost always confused with science.  Average people simply don’t know the difference.  Many in science and government feel that engineers simply take the knowledge discovered by science and apply it to practical problems.  Engineers would argue that engineering is much, much more than “applied science”.  Engineering has its own knowledge base and its own process just as science does.  Terminology often adds to public confusion.  The term “computer science” dates from a time when many, including engineers would borrow respect, rigor and stature from the reputation of science.  But what could be a more perfect example of technology and the work of engineers that the computer?  The term “rocket science” does not help either.  Is there a more “stellar” example of technology and engineering triumph than the rocket?  
Here is a side-by-side comparison of keywords that relate the two.  It is important to understand that many times in a given job environment, an individual scientist may perform engineering work, or an engineer may do basic research, or an individual may be required to do both on a continual basis.  There will always be gray areas, but there are distinctions that can and should be made for a better understanding of both.

Science vs. Engineering

	Science
	Engineering

	Trailblazing
	Problem Solving

	Discovery
	Invention

	Nature
	Man-Made

	Analysis
	Synthesis

	Knowledge
	Systems

	Recognition/Honor
	Personal Satisfaction/Financial Reward

	Heroes/models- Newton, Einstein
	Heroes/models- Edison, others


Engineering and Society
When developing a new technology, engineers and technicians must consider the impact of that technology on society. When considering the new technology, two types of decisions must be made.

A Cost Benefit Analysis: Does the cost justify the product? Cost/benefit analysis is an easy technique to use, and it is used in many different fields. This helps businesses and organizations decide if they should move in one direction or another. When the choice is made to use this technique, a company would add up the benefits of a course of action and subtract the costs associated with it. Costs can be a one-time event, or can be spread out over time. Benefits are usually associated with long-term measurements. Time is an effect of the analysis and can be built into the analysis by using a payback period. The time it takes for the benefits of a change to repay its costs is a payback period. It is usually a good choice to determine a specific period of time to look for payback. An example would be a computer system that is to be purchased for a company for $30,000. If the payback period is five years, the system costs $6,000 for those first five years, and then it is paid for. The question the company needs to ask is if it will still be current five years from now, or if it will be outdated in three years. The company can now analyze whether the systems should be purchased, or if an alternate solution should be proposed.

A Risk Benefit Analysis: Does the risk of building the product outweigh the negative societal impact? Risk analysis is a way to help an organization assess the risks that it faces. When a company decides to enter into a risk analysis, caution should be used in order to keep focus on the goals and intents of the original plans that were made. These cautions will produce strategies used to control risks and keep the study cost-effective. The definition of risk is "the perceived extent of possible loss." Because we all have different opinions and come from different "schools of thought," what one person perceives as a minimal risk might be something that another cannot possibly fathom.

Risk = probability of event x cost of event

Sources

VCSU reading assignment

ITEA-CATTS consortium

Materials from VCSU engineering workshop

Standards covered

Standard #3: Students will develop an understanding of the relationships among technologies and the connections between technology and other fields of study.


Benchmarks

J. Technological progress promotes the advancement of science and mathematics.

Standard #4: Students will develop an understanding of the cultural, social, economic, and political effects of technology.


Benchmarks

H. Changes caused by the use of technology can range from gradual to rapid and 
from subtle to obvious.

I. Making decisions about the use of technology involves weighing the trade-offs 
between the positive and negative effects.

J. Ethical considerations are important in the development, selection, and use of 
technologies.

Standard #7: Students will develop an understanding of the influence of technology on history.


Benchmarks

I. Throughout history, technology has been a powerful force in reshaping the 
social, cultural, political, and economic landscape. 

J. Early in the history of technology, the development of many tools and machines 
was based not on scientific knowledge but on technological know-how.

Standard #8: Students will develop an understanding of the attributes of design.


Benchmarks

K. Requirements of a design, such as criteria, constraints, and efficiency, 
sometimes compete with each other.
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