
“Engineering Ethics”.

In Section 1 of this course you will cover these topics:
Introduction To Engineering Ethics

Putting The Issues In Context

Topic : Introduction To Engineering Ethics

Topic Objective:

At the end of this topic student would be able to:

 Understand Ethics in engineering

 Understand code of ethics

Definition/Overview:

Engineering Ethics: Engineering ethics is the field of applied ethics which examines and sets

standards for engineers' obligations to the public, their clients, employers and the profession.
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Key Points:

1. Engineering Ethics

Engineering ethics is the field of applied ethics which examines and sets standards for engineers'

obligations to the public, their clients, employers and the profession.

Engineering does not have a single uniform system, or standard, of ethical conduct across the

entire profession. Ethical approaches vary somewhat by discipline and jurisdiction, but are most

influenced by whether the engineers are independently providing professional services to clients

or the public if employed in government service; or if they are employees of an enterprise

creating products for sale.

In the United States the first are usually licensed Professional engineers, are governed by statute,

and have fairly consistent codes of professional ethics. The latter, working as engineers in

industry, are governed by various laws including whistle-blowing, and product liability laws, and

often rely on principles of business ethics rather than engineering ethics.

2. Current Codes of Ethics

Many American engineering professional societies have prepared codes of ethics. Some go back

to the early decades of the twentieth century. These have been incorporated to a greater or lesser

degree into the regulatory laws of most states and codes

The Institution of Civil Engineers (ICE) in the UK has a code of ethics incorporated into its

standards of conduct. The Canadian societies of Professional engineers likewise have as well.

These codes of ethics share many similarities.
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3. General Principles

Codes of engineering ethics identify a specific precedence with respect to the engineer's

consideration for the public, clients, employers, and the profession.

This is an example from the American Society of Civil Engineers (ASCE):

3.1. Fundamental Canons

 Engineers shall hold paramount the safety, health and welfare of the public and

shall strive to comply with the principles of sustainable development in the

performance of their professional duties.

 Engineers shall perform services only in areas of their competence.

 Engineers shall issue public statements only in an objective and truthful manner.

 Engineers shall act in professional matters for each employer or client as faithful

agents or trustees, and shall avoid conflicts of interest.

 Engineers shall build their professional reputation on the merit of their services

and shall not compete unfairly with others.

 Engineers shall act in such a manner as to uphold and enhance the honor,

integrity, and dignity of the engineering profession and shall act with zero-

tolerance for bribery, fraud, and corruption.

 Engineers shall continue their professional development throughout their careers,

and shall provide opportunities for the professional development of those

engineers under their supervision."

Like virtually all professional societies and chartering authorities, ASCE expands

upon these and publishes specific guidance.
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Topic : Putting The Issues In Context

Topic Objective:

At the end of this topic student would be able to:

 Understand Ethical Codes

 Understand Engineering Ethics in the current context

Definition/Overview:

Ethical Code: In the context of a code adopted by a profession or by a governmental or quasi-

governmental organ to regulate that profession, an ethical code may be styled as a code of

professional responsibility, which may dispense with difficult issues of what behavior is

"ethical".

Key Points:

1. Ethical Code

In the context of a code adopted by a profession or by a governmental or quasi-governmental

organ to regulate that profession, an ethical code may be styled as a code of professional

responsibility, which may dispense with difficult issues of what behavior is "ethical".

Some codes of ethics are often promulgated by the (quasi-)governmental agency responsible for

licensing a profession. Violations of these codes may be subject to administrative (e.g. loss of
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license), civil or penal remedies. Other codes can be enforced by the promulgating organization

alone; violations of these codes are usually limited to loss of membership in the organization.

Other codes are merely advisory and there are no prescribed remedies for violations or even

procedures for determining whether a violation even occurred.

A code of ethics is often a formal statement of the organization's values on certain ethical and

social issues. Some set out general principles about an organization's beliefs on matters such as

quality, employees or the environment. Others set out the procedures to be used in specific

ethical situations - such as conflicts of interest or the acceptance of gifts, and delineate the

procedures to determine whether a violation of the code of ethics occurred and, if so, what

remedies should be imposed. The effectiveness of such codes of ethics depends on the extent to

which to management supports them with sanctions and rewards. Violations of a private

organization's code of ethics usually can subject the violator to the organization's remedies (in an

employment context, this can mean termination of employment; in a membership context, this

can mean expulsion). Of course, certain acts that constitute a violation of a code of ethics may

also violate a law or regulation and can be punished by the appropriate governmental organ.

They are often not part of any more general theory of ethics but accepted as pragmatic

necessities.

Ethical codes are distinct from moral codes that may apply to the culture, education, and religion

of a whole society.

Even organizations and communities that may be considered criminal may have their own ethical

code of conduct, be it official or unofficial. Examples could be hackers, thieves, or even street

gangs.

1.1. Personal Ethical Code

People often make ethical choices reflexively. The throes of an ethically sensitive

situation are the worst time to think through your ethics. These situations are often time
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pressured, emotional, and complicated. It becomes all too easy to be blindsided by

temptation. The best antidote to ethical lapses is to commit in advance to a set of ethical

principles -- your personal ethical code. Your code defines your standards of right and

wrong. It helps you resist temptation and becomes your basis for making ethically

sensitive decisions. A personal ethical code can be as simple as a few sentences or as

long as many pages.

2. Current Ethical Issues

Efforts to promote ethical practice continue. In addition to the professional societies and

chartering organizations efforts with their members, the Canadian Iron Ring and American Order

of the Engineer trace their roots to the 1907 Quebec Bridge collapse. Both require members to

swear an oath to uphold ethical practice and wear a symbolic ring as a reminder. Currently,

bribery and political corruption is being addressed very directly by several professional societies

and business groups around the world. However, new issues have arisen, such as off shoring,

sustainable development, and environmental protection that the profession has to consider and

address.

The difference in perspective between the "engineer as a professional" and the "engineer as

employee" is still reflected today in the use of the title "engineer". In US industry, the title

"engineer" is determined by the firm and can often apply to anyone executing design work.

These can include individuals with an Associate degree or degree in engineering technology.

Here, the term "graduate engineer" is pertinent to differentiate those with a Bachelor of Science

degree in engineering. While most American state licensure laws require a Bachelor of Science

degree for licensure, the current US model law for Professional Engineers requires a minimum of

a Master of Science degree in engineering, or a Bachelor of Science degree with additional

equivalent graduate level work.
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In Section 2 of this course you will cover these topics:
The Role Of Professional Codes Of Ethics

Topic : The Role Of Professional Codes Of Ethics

Topic Objective:

At the end of this topic student would be able to:

 Understand Professional Codes of Ethics

 Understand Professional Responsibility

Definition/Overview:

Professional Ethics: Professional ethics concerns the moral issues that arise because of the

specialist knowledge that professionals attain, and how the use of this knowledge should be

governed when providing a service to the public.

Key Points:

1. Professional Ethics

Professional ethics concerns the moral issues that arise because of the specialist knowledge that

professionals attain, and how the use of this knowledge should be governed when providing a

service to the public.
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2. Professional Responsibility

The professional carries additional moral responsibilities to those held by the population in

general. This is because professionals are capable of making and acting on an informed decision

in situations that the general public cannot, because they have not received the relevant training.

For example, a layman member of the public could not be held responsible for failing to act to

save a car crash victim because they could not give an emergency tracheotomy. This is because

they do not have the relevant knowledge. In contrast, a fully trained doctor (with the correct

equipment) would be capable of making the correct diagnosis and carrying out the procedure and

we would think it wrong if they stood by and failed to help in this situation. You cannot be held

accountable for failing to do something that you do not have the ability to do.

This additional knowledge also comes with authority and power. The client places trust in the

professional on the basis that the service provided will be of benefit to them. It would be quite

possible for the professional to use his authority to exploit the client. An obvious example is that

of the dentist who carries out unneeded dental work on his patients in order to gain more money.

It is likely that the patient will not have sufficient knowledge to question what is being done, and

so will undergo and pay for the treatment.

3. Codes of Practice

Questions arise as to the ethical limits of the professionals responsibility and how power and

authority should be used in service to the client and society. Most professions have internally

enforced codes of practice that members of the profession must follow, to prevent exploitation of

the client and preserve the integrity of the profession. This is not only to the benefit of the client

but to the benefit of those belonging to the profession. For example, a business may approach an

engineer to certify the safety of a project which is not safe. Whilst one engineer may refuse to

certify the project on moral grounds, the business may find a less scrupulous engineer who will

be prepared to certify the project for a bribe, thus saving the business the expense of redesigning.
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Disciplinary codes allow the profession to draw a standard of conduct and ensure that individual

practitioners meet this standard, by disciplining them from the professional body if they do not

practice accordingly. This allows those professionals who act with conscience to practice in the

knowledge that they will not be undermined commercially by those who have less ethical

qualms. It also maintains the publics trust in the profession, meaning that the public will continue

to seek their services.

3.1. Problems with Internal Regulation

There are questions surrounding the validity of professional codes of ethics. On a

practical level it is very difficult for those independent of the profession to monitor

practice, leaving the possibility that a code of practice may be self serving. This is

because the nature of professions is that they have almost a complete monopoly on a

particular area of knowledge. For example, until recently, the English courts deferred to

the professional consensus on matters relating to their practice that lay outside case law

and legislation. This meant that there was a large extent to which

3.2. Separatism

On a theoretical level, there is debate as to whether an ethical code for a profession

should be consistent with the requirements of morality governing the public. Separatists

argue that professions should be allowed to go beyond such confines when they judge it

necessary. This is because they are trained to produce certain outcomes which may take

moral precedence over other functions of society. For example, it could be argued that a

doctor may lie to a patient about the severity of their condition, if there is reason to think

that telling the patient could cause them so much distress that it would be detrimental to

their health. This would be a disrespect of the patients autonomy, as it denies them

information on something that could have a great impact on their life. This would

generally be seen as morally wrong. However, if the end of improving and maintaining
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health is given a moral priority in society, then it may be justifiable to contravene other

moral demands in order to meet this goal. Separatism is based on a relativist conception

of morality that there can be different, equally valid moral codes that apply to different

sections of society and differences in codes between societies. If moral universalism is

ascribed to, then this would be inconsistent with the view that professions can have a

different moral code, as the universalist holds that there is only one valid moral code for

all.

In Section 3 of this course you will cover these topics:
The Engineer'S Responsibilities To Society

Topic : The Engineer'S Responsibilities To Society

Topic Objective:

At the end of this topic student would be able to:

 Understand Engineers Role in the Society

 Understand Engineers Responsibilities

Definition/Overview:

This topic overviews the role of engineering in society, professional responsibility and

engineering ethics.

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

10
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



Key Points:

1. The Role of Engineering in Society: Engineering Design

The National Research Council recently recognized the need for improvement in both

engineering design and engineering design education. Although there are numerous articles on

engineering design, we will concentrate on the interaction between engineers and society.

One of the first sources of confusion, particularly among those who are not engineers or

scientists, is the distinction between science and engineering. The primary role of science is to

develop knowledge and understanding of the physical universe. As pointed out an important

distinction is that this pursuit of knowledge (science) may occur largely without regard to

societal need (or to societal implications). The direction of scientific research has been described

by some as curiosity-based research which is not necessarily driven by the values of society.

Societal values (and resulting priorities) do not necessarily define the bounds, direction or scope

of scientific curiosity. * This is not a criticism of science, for such is the nature of "inquiring."

Furthermore, it is often not possible to determine relevance of a particular field of scientific

inquiry to the future needs of society.

Given this curiosity-driven process, the base of scientific knowledge about the physical universe

may be represented by an amoebae-like structure uneven in its extent in the various directions

with current scientific research efforts acting to extend its coverage.

The utilization of scientific knowledge over time establishes that some of the knowledge is

immediately relevant to societal needs while other parts are less immediately relevant (society

may never realize the relevance of a particular scientific inquiry). While the congruence of

societal need with scientific knowledge is much more complex than indicated in this article, it

may be represented for the purpose of this discussion by a Venn diagram as seen in figure 2. The

authors maintain that it is this overlap of scientific knowledge with societal need, more

specifically, the application of scientific knowledge to the needs of society, that is the domain of

engineering (inter alia) (see below). Clearly, the extent of human enterprise is much more

complex than is represented here. If, for example, it is in the interest of society to increase our

store of scientific knowledge, then engineers and scientists who ply their trade in the frontiers of

scientific research are both serving societal need. Nevertheless, our contention is that the central
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focus of the engineering profession is the application of scientific knowledge to meet societal

needs.

This analogy can be extended by superimposing the distinction of the creative versus the

analytical aspect of the human enterprise (19). We can represent this aspect of the human

intellect by another Venn diagram shown in figure 3. As indicated in the diagram, one may

pursue creative efforts without involving analytical skills, and one may apply analytical skills

without entering the domain of creativity. For example, as engineers apply commercial software

to the solution of an engineering problem, the application of analytical skills, per se, * may

involve little or no creativity.

One may superimpose these two Venn Diagrams and use the resulting diagrams to examine

engineering enterprise as shown in figure 1.

Considering the intersection of scientific knowledge with societal need (designated as the

domain of engineering), the authors will discuss three sectors, shown as A, B, and C.

Sector A represents the intersection of purely analytical talents with the engineering domain.

This may be used to represent engineering science, ability to model complex systems and predict

their response to various inputs under various conditions. * This segment of engineering has, of

course, been the subject of intense development over the last half century and has benefitted

most directly from the availability of fast digital computers.

Sector C, the intersection of our creative capacity with the engineering domain, can be viewed as

representing those sudden intuitive leaps often responsible for revolutionary advances in

technology called "significant novelty", as well as those aspects of engineering, not yet fully

supported by engineering science, that remain more art than science.

The third sector, B (the intersection of knowledge and need with both creative and analytical

capability) can be used to represent engineering design and much "real world" problem solving.

This sector includes activities ranging from developing innovative products and processes, to

creating an innovative bridge design, to developing a new control process for petrochemical

production.

Current approaches to teaching used in engineering schools have been designed more for

developing analytical skills (Sector A) than creative skills. The Accreditation Board for

Engineering and Technology (ABET) identifies engineering as "that profession in which
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knowledge of the mathematical and natural sciences gained by study, experience, and practice is

applied with judgment to develop ways to utilize, economically, the materials and forces of

nature "for the benefit of mankind" (emphasis added). ABET further recognizes that "a

significant measure of an engineering education is the degree to which it has prepared the

graduate to pursue a productive engineering career that is characterized by continued

professional growth". One can conclude that analytical skills are essential tools for engineers, *

but are not sufficient for a complete engineering education. An education that only uses

classroom problems in which all variables are accurately known and only one correct answer

exists not only misrepresents the situations engineers encounter in their jobs, but also does little

to stimulate creativity. A trend toward using open-ended problems in the engineering classroom

is a healthy step in the direction of more complete and relevant engineering education.

This four-circle representation of human endeavor (fig. 1) also offers a useful perspective for

other enterprises. Sector 1, the intersection of analytical skills with societal needs outside the

bounds of scientific knowledge might include economics and philosophy while sector 3 may

encompass the arts. Sector 2 may be used to represent those societal needs outside the bounds of

scientific knowledge that required both analytical and creative skills, perhaps including public

policy, business administration, and music.

2. Professional Responsibility and Engineering Ethics

Discussion of an engineer's inherent interaction with society and societal needs, leads naturally

to an engineer's responsibility to society. Recent trends toward increasing discussion of

professionalism in the classroom notwithstanding, topics of professional responsibility (as

compared to science, engineering sciences, and engineering analysis) have received surprisingly

little attention in engineering education over the last several decades. The authors fear that

professional responsibility may also have been underemphasized in the practice of engineering.

This includes such topics as:

 Safety and Welfare of the Public and of Clients

 Professional Ethics

 Legal Liabilities of Engineers

 Environmental Responsibilities
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 Quality

 Communications

Each of these topics relates to the interaction of an engineer to others: clients, society, employers,

employees, and to the engineering profession. We fully subscribe to this approach not only for

teaching engineering ethics, but also for teaching (and practicing) in other areas of professional

responsibility. For engineers, engineering ethics is not a topic separate from engineering, it is

part of the essence of engineering as it pertains to the professional responsibilities that the

engineer has with society. The results of an NSF sponsored workshop on engineering ethics in

the classroom utilized techniques from engineering design methodology to address ethical

dimensions of engineering problems, designs, and interactions. One may consider numerous

engineering design methodologies which will illustrate the point. Pugh, for example, includes the

following elements in the "engineering design core".

 Understanding the Market (problem definition: societal need)

 Design Specification (specifying the needs)

 Concept Design

 Detail Design

 Manufacture

 Sell

Pugh's methodology focuses on product design, but also has applications in process design and

general problem solving. Experienced engineers would not logically delay consideration of

economic issues until after completion of detail design. That would not allow the engineer to

consider economic and performance tradeoffs that are essential in the overall evaluation of

alternative designs to be analyzed in the Concept Design element. It is just as important that

engineers first approach ethical, safety, liability, environmental, quality, and communications

issues in the first step of the design process, rather than allowing the design to proceed without

regard to these issues. This allows engineers to address and analyze each element of the problem

from the problem statement to the release of the product or service to the customer. This allows

engineers to integrate (naturally) the consideration of ethical and other concerns directly into the
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design process and to expand the alternative designs to potentially eliminate or reduce problems,

rather than simply to react to the problems.

Engineers must develop a fundamental understanding of their professional responsibilities. Few

engineers have an opportunity, however, to develop or contribute to the development of a

professional code of ethics. As a result, engineers are in danger of viewing codes of ethics as

static, dictated by "others" for engineering applications. Compare this to the process by which

attorneys in the United States develop professional codes regulating their conduct. State bars and

their members develop and periodically review their professional codes of conduct. Statewide

debate about the codes can be heated and can produce significant discrepancies from state to

state in rules of professional conduct. One should expect these discussions to become heated,

since these codes describe how professionals (attorneys) will relate to clients, courts, the public,

and other attorneys. At the end of the review process, the code describes how the parties will

"relate to one another" (using Skooglund's terminology). Partially due to the process used to

develop and review their codes of professional conduct, attorneys tend to internalize these codes.

The authors do not suggest that the engineering profession model itself after the legal profession;

in fact, substantive differences from state to state have some serious drawbacks. Rather we

suggest that engineers examine and adopt "best practices" in development of rules of

professional conduct which encourage engineers to understand and internalize their professional

codes. Engineers need to develop broad fundamental understanding of their professional

responsibilities. In at least one engineering college, students have developed their own codes of

conduct (how they will relate to one another and the college) for their academic career. This

experience gives the students a personal involvement with professional codes of conduct

necessary in the engineering profession. These students have an opportunity to integrate their

"professional code" into their daily work as engineering students. This allows students to

internalize their professional responsibilities and to develop a fundamental understanding of their

obligations and resulting consequences. Students at other universities and the engineering

profession would be well served to learn from the experiences of these students who developed

their own code.

Since it is difficult for every practicing engineer to participate in the development of national

professional codes, it may be better to localize this experience for professional engineers. This

can be done by developing codes for conduct at company, division, or departmental levels in
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traditional engineering environments. Texas Instruments and Bell Helicopter have had positive

experiences developing company codes which are intended to describe how professional

engineers "agree to relate to one another" (1).

We suggest, however, that the most effective mechanism is the personal involvement of each

engineer in integrating the topics of safety and the welfare of the public, professional ethics,

legal considerations, environmental responsibilities, quality, and communications into the

methodologies which all engineers use to approach and solve problems in the ordinary course of

practice. This could be considered a natural extension of "Concurrent Engineering" in which the

elements of design, manufacturing, and other issues are considered concurrently in engineering

methodology. The concurrent methodology would include design for manufacturing, design for

reliability, design for maintainability, design for assembly, design for environment, design for

safety, design for economics, etc. This supports the approach taken by Pugh in his concept of

"Total Design". Some elements of integration has been imposed by regulation (such as

environmental regulation).

The healthy debate among engineers (as well as clients and employers) which should naturally

arise in the integration and the application of the methodologies will serve to underscore the

nature and importance of the role that the engineer has in society (health, safety, and welfare of

the public); the role the client has in engineering design (realistic requirements, economics,

reliability, maintainability, and other associated topics of quality); the effects of engineering

activity on society; and the relationship of society to engineering activities (including product

liability, protection of intellectual property, environmental regulations, etc.).

In Section 4 of this course you will cover these topics:
The Engineer'S Obligations Of Loyalty To Employer
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Topic : The Engineer'S Obligations Of Loyalty To Employer

Topic Objective:

At the end of this topic student would be able to:

 Understand Engineers Obligations to the Employer

 Understand Engineers Loyalty to the Employer

Definition/Overview:

Obligations: An obligation is a requirement to take some course of action, whether legal or

moral. There are also obligations in other normative contexts, such as obligations of etiquette,

social obligations, and possibly in terms of politics, where obligations are requirements which

must be fulfilled.

Loyalty: Loyalty is faithfulness or a devotion to a person or cause.

Key Points:

1. Introduction

Ethical codes by various engineering associations/ federations reflect the concern for ethics. The

history of engineering profession has witnessed many radical changes in such ethical codes. For

example, one of the initial ethical codes published way back in 1912, the American Institute of
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Electrical Engineers (now "the IEEE"), contained no explicit reference to the public or to the

environment. The code emphasized on loyalty to the employer, saying "The engineer should

consider the protection of a client's or employer's interests his first professional obligation, and

therefore avoid every act contrary to this duty." In 1946, the National Society of Professional

Engineers (NSPE) adopted a "Canon of Ethics for Engineers" that was prepared by the

Engineers' Council for Professional Development (ECPD). The focus apparently shifted to be

people-centric in these words - As the keystone of professional conduct is integrity, the engineer

will discharge his duties with fidelity to the public, his employers and clients, and with fairness

and impartiality to all. It is his duty to interest himself in public welfare, and to be ready to apply

his special knowledge for the benefit of mankind.

The ICE's "Code of Professional Conduct" also puts the good of the public as the highest ethic -

"Members of the ICE should always be aware of their overriding responsibility to the public

good. A members obligations to the client can never override this, and members of the ICE

should not enter undertakings which compromise this responsibility. The public good

encompasses care and respect for the environment, and for humanitys cultural, historical and

archaeological heritage, as well as the primary responsibility members have to protect the health

and well being of present and future generations.

2. Ultimate Responsibilities

Functions of engineers have many impacts on society and its development. Therefore,

responsibilities of engineers are ultimate and so are required the ethics to be. One of the

functions of engineers is design. Accreditation Board for Engineering and Technology, USA

(ABET) defines engineering design as the process of devising a system, component, or process

to meet desired needs. It is a decision-making process (often iterative), in which the basic

sciences and mathematics and engineering sciences are applied to convert resources optimally to

meet a stated objective. Among the fundamental elements of the design process are the

establishment of objectives and criteria, synthesis, analysis, construction, testing, and evaluation.
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The engineering design leaves ample scope of creativity, use of open-ended problems,

development and use of modern design theory and methodology, formulation of design problem

statements and specifications, consideration of alternative solutions, feasibility considerations,

production processes, concurrent engineering design, and detailed system descriptions.5 Safety is

the overriding objective along with others like functionality, reliability, and aesthetics, social and

environmental impacts and so on. An engineer while designing has usually lot of flexibility but

at the same time design process can not be evaluated in isolation of quality of materials, methods

of execution, operation and maintenance etc. In certain fields where rate of obsolescence is high

it is a challenge to select from a proven product/ technology and the latest one on the day of

procurement. Moreover it is equally important to adequately and appropriately convey the design

considerations to the contractors/ executing agencies/ operators or end users.

A vivid example of the importance of accuracy and detail in engineering design and shop

drawings (particularly regarding revisions), and the costly consequences of negligence in this

realm is that of the 1981 Walkway Collapse of a well known hotel in Kansas City. Rated as the

United States' most devastating structural failure, in terms of loss of life and injuries, this mishap

left 114 dead and in excess of 200 injured. In addition, millions of dollars in costs resulted from

the collapse, and thousands of lives were adversely affected. This was investigated and reported

to be because of disputed conversations between and engineering design firm and fabricator, and

negligence on the part of the contracting engineering firm.

The Lakewood Company, a fairly large manufacturing firm, has designed, manufactured and

sold hundreds of self-contained storage/ retrieval systems which are used for storing heavy parts

such as dies, which must intermittently be taken from storage and used elsewhere in the plant.

The Buchanan Company, a large construction vehicle manufacturer, purchased one of these

Lakewood "Hi-Stak" units and was using it extensively until one of their employees, had an

accident and was seriously injured while operating the crane on May 23rd, 1994. The crane was

loaded with a pallet and die weighing a total of 1460 pounds which was well below the system

rating of 2000 pounds. Such accidents also raise serious doubts on the quality of engineering

designs.
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However, despite engineers' meeting their design obligations, failures/ under-performance still

occur. The engineer's responsibility does not cease with the design handed off to a contractor,

subcontractor or the consumer. Economic considerations and competitions often lead to playing

with the factor of safety. Keeping this in view the Central Vigilance Commission of India

prohibits the designer firm from participating in the bids for execution. On the other hand,

however, Engineering, Procurement and Construction (EPC) and Turnkey Contracts are also

being executed. In a competitive bidding for engineering design, bidders qualifying criteria and

payment terms binding for the professional liability become increasingly important. Insurance

for the designers professional liability can not cover all the associated risks and hence the Ethical

engineering becomes utmost important.

In Section 5 of this course you will cover these topics:
Changing Engineers And Engineering

Topic : Changing Engineers And Engineering

Topic Objective:

At the end of this topic student would be able to:

 Understand how engineers are changing

 Understand how engineering is changing

Definition/Overview:

The topic overview how the role of engineers is changing in todays world. The topic also

provides information of how the field of engineering changing with the changing time.
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Key Points:

1. Engineers Work Place

The engineers work environment is not what it used to be. Many who began their careers in the

mid-20th century did not work from a cubicle and none had a computer workstation. If they had

a desk, it was often shared. In the case of U.S. engineers, they had little or no contact with the

vendors, customers or other engineers outside the United States.

A typical R&D engineer would have had his (yes, I regret to say, his) own workbench, maybe six

to eight feet long, with a backboard having a shelf or two to support parts catalogs and test

equipment needed for his current project. On the bench would be spools of color-coded wire and

rosin-core solder, various power supplies including a Variac, a signal generator, and an H-P or

Tektronix oscilloscope. And, of course, a soldering iron would be at the ready, simmering in its

cradle.

The engineers bench was often side-by-side with that of a colleague, and back-to-back with that

of another. He could easily trade ideas with them. More relaxed discussions would take place in

the cafeteria at lunchtime. E-mail and the Internet did not exist. He would walk to the

engineering parts stockroom or to another department. His department manager would be in a

glassed-in corner office, the managers secretary or assistant, if he was lucky enough to have one,

at a desk outside. Telephones were scarce. The boss had one, and so did his assistant, through

which the other engineers in the department could be contacted from remote locations.

Since the output of most engineering departments was destined for incorporation into a product

manufactured by its parent organization, it was often seen as desirable to locate the engineering

department close to the companys manufacturing facility. When Kelly Johnson, Lockheeds chief

engineer, started an important new project, he wanted his engineers to be only steps away from
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the shop workers. Johnson insisted they be conversant with the structures and parts in the factory

as well as the capabilities and shortcomings of the production equipment.

2. Changing Times

Given that many high-tech companies originated in basements or garages, Hewlett-Packard

being a notable example of the latter, the spare, functional character of the engineering

workplace of the 50s and 60s was no surprise. Also, the engineers of this period, like the

pioneers they emulated, often built their own prototypes from scratch.

The importance of the computer in engineering design, coupled with the advent of more complex

systems the computer made possible, markedly changed the engineering work environment. By

the mid-70s, with the arrival of the Alto, technologists were looking ahead to the prospect of a

personal computer as part of their own workstation. The era of punch-cards and waiting for

results from the mainframe computer was at an end.

Novel and futuristic workplaces were planned. Xerox PARC experimented with an office on

wheels that could be rolled along with similar units into new office configurations as projects

required. It featured a keyboard, two CRT monitors, and an adjustable Volvo seat. It was

envisioned not only for engineers but for knowledge workers in general.

3. Fast Forward

Latter-day engineers seem less concerned about where they work (their offices and office

configurations) than how they work (in teams, via the Internet, etc.). As the new millennium

approached, the low-walled cubicle along with its computer workstation had become entrenched

as the standard engineering workplace. Only rarely might an engineer boast, especially with

respect to a competitive company, Our offices are bigger than theirs!
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In spite of notable exceptions like Google, whose 8,000 employees relish the free food doled out

at the company's 19 "cafes" and its gym, pool, volleyball court and free massages, polls of

engineers within the last decade reveal concerns about the workplace that are soft, as opposed to

physical. The contemporary engineer may well feel that an engineers office is any place where

he or she is at any given time at home, at work or on travel. And that the ability to communicate

is more important than the immediate physical amenities.

The Internet is seen as a significant advantage. It facilitates working in teams, speeds

communications with vendors and customers, and permits coordination across time zones and

even globally. In todays computer-driven design environment, design cycles are shorter, made

possible by the use of engineering teams, better communication and the availability of standard

design elements (like intellectual property cores in chip design). The Internet also makes location

less important, encouraging engineers hopes for greater telecommuting opportunities. When

asked at the turn of the millennium what his job might look like in 2010, one design engineer

responded I will spend only two days [in my office] and telecommute three.

Todays design advantages notwithstanding, as we near 2010, certain worries are being expressed

by engineers. At issue among U.S. engineers are the effects of globalization of high-tech

corporations, engineering job security, and offshoring of engineering jobs. Engineers ponder,

too, the time spent on e-mail, the need to screen information gathered from the Internet, and how

to meet tight deadlines set by management.On balance, todays engineers seem less concerned

about the places in which they work and more about the intellectual tools at their disposal, the

efficiency with which they can be used, and the long-term stability of their job assignments.
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