GEG6075 — Professional Ethics in Engineering
UNIT-3 - Engineering as Social Experimentatio

3.0 ENGINEERING AS EXPERIMENTATION

Before manufacturing a product or providing a project, we make several assumptions and trials. design

and redesign and test several times till the product is observed to be functioning satistactorily. We try
different materials and experiments. From the test data obtained we make detailed design and retests.




Engineering Design Is an Iterative Process

\\

_ : Several redzstgns are made upon the feedback mformation on the performance or fatlure m the
physical Tess, Smmation [~ "‘ field or in the factory. Besides the tests, each engineering project is modified during execution, based

e | on the pertodical feedback on the progress and the lessons from other sources. Hence, the development
Moseswey [T i of a product or a project as a whole may be constdered as an experiment
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Fig. 3.1 Design as an interactive process




3.0.1 Engineering Projects VS. Standard Experiments

A. Similarities

1

Partial ignorance: The project 1s usually executed in partial ignorance. Uncertainties exist in
the model assumed. The behavior of matenials purchased 1s uncertain and not constant (that
15 certam!). They may vary with the suppliers, processed lot, time, and the process used 1n
shaping the matenals (e_g.. sheet or plate, rod or wire, forged or cast or welded). There may
be vanations in the grain structure and its resulting failure stress. It 15 not possible to collect
data on all vanations. In some cases. extrapolation, interpolation, assumptions of linear
behavior over the range of parameters, accelerated testing. simulations, and virtnal testing
are resorted.

Uncertainty: The final outcomes of projects are also uncertain, as in expenments. Some
times umintended results, side effects (bye-products), and unsafe operation have also occurred.
Unexpected rnisks, such as undue seepage 1n a storage dam_ leakage of nuclear radlatmﬂ ﬁ'ﬂﬂl
an atomic power plant, presence of pesticides in food or soft dnnk bottle




Similarities

Continuous monitoring: Momitoring continually the progress and gaining new knowledge
are needed before, duning. and after execution of project as 1n the case of expernmentation.

The performance 1s to be momitored even during the use (or wrong use!) of the product by
the end user/beneficiary.

Learning from the past: Engineers normally learn from their own pnior designs and mnfer
from the analysis of operation and results, and sometimes from the reports of other engineers.
But this does not happen frequently. The absence of interest and channels of communication,
ego 1n not seeking information, guilty upon the failure, fear of legal actions., and mere
negligence have caused many a failure. e g.. the Titanic lacked sufficient number of life
boats—it had only 825 boats for the actual passengers of 2227 the capacity of the ship being
3547! In the emergent situation. all the existing life boats could not be launched. Forty
yvears back. another steamship Arctic met with same tragedy due to the same problem in the
same region. But the lesson was learned. In most of the hydraulic systems. valves had been
the critical components that are least reliable. The confusion on knowing whether the valve
was open or closed. was the cause of the Three-Mile Island accident i 1979, Simailar




Contrasts

B. Contrasts

The scientific experiments in the laboratory and the engineerning experiments in the filed exhibat several
contrasts as listed below:

1. Experimental control: In standard experiments, members for study are selected into two
groups namely A and B at random. Group A are given special treatment. The group B 1s
given no treatment and 1s called the “controlled group . But they are placed in the same
environment as the other group A.

This process 1s called the experimental control. This practice 1s adopted in the field of
medicine. In engineering, this does not happen, except when the project 1s confined to
laboratory experniments. This 1s because 1t 1s the clients or consumers who choose the product,
exercise the control. It 1s not possible to make a random selection of participants from
various groups. In engineering, through random sampling. the survey 1s made from among
the users. to assess the results on the product.




Contrasts

). Humane touch: Engmeermg experiments involve human souls, their needs, views, expectations,
and creative use as 10 case of soctal experimentation. This pomt of view 15 not agreed by
many of the engmeers. But now the quality engineers and managers have fully realized this

3. Informed consent. Engineening experimentation 1s viewed as Societal Experiment since the
subject and the beneficiary are human beings. In this respect. 1t 15 simular to medical
experimentation on human beings. In the case of medical practice, moral and legal nghts
have been recogmzed while planning for experimentation. Informed consent 1s practiced 1n
medical expennmentation. Such a practice 1s not there 1n scientific laboratory expernmments.

Informed consent has two basic elements:
1. Knowledge: The subject should be given all relevant information needed to make the
decision to participate.

2. Voluntariness: Subject should take part without force. fraud or deception. Respect for
rights of minorities to dissent and compensation for harmful effect are assumed here.




Informed Consent
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For a valid consent, the following conditions are to be fulfilled:

1. Consent must be voluntary
2. All relevant information shall be presented/stated 1n a clearlyv understandable form
3. Consenter shall be capable of processing the information and make rational decisions.
4. The sulyect s consent mav be offered in proxy by a group that represents many sulbjects
of hike-interests
Informed consent when bringing an engineernng product to market. implies letting the customer
know the following: (a) the knowledge about the product (&) risks and benefits of using the
product and () all relevant information on the product. such as how to use and how not to
use (do s and don " ts). The relevant factmal information implies. that the engineers are obliged
to obtain and assess all the available information related to the fulfillment of one’ s moral
obligations (1.e., wrong or immeoral use of a product one designs). mncluding the intended
and unintended impacts of the product, on the society. 5tll there exists a possibility of a




Engineers as responsible experimentors

3.1 ENGINEERS AS RESPONSIBLE EXPERIMENTERS

Although the engineers facilitate experiments. they are not alone in the field. Their responsibility 1s
shared with the orgamizations, people. government, and others. No doubt the engineers share a greater
responsibility while momitoring the projects, identifving the nisks. and mformung the clients and the
public with facts. Based on this, thev can take decisions to participate or protest or promote.

The engimeer. as an expenimenter, owe several responsibilities to the society. namely,

1.
2.

A conscientious commitment to live by moral values.

A comprehensive perspective on relevant information. It includes constant awareness of the
progress of the experiment and readiness to momitor the side effects, if any.

Unrestricted free-personal involvement in all steps of the project/product development
(autonomy).

Be accountable for the results of the project (accountabality).




Conscientiousness

3.1.1 Conscientiousness

Conscientious moral commitment means: (a) Being sensitive to full range of moral values and
responsibilities relevant to the prevailing situation and (5) the willingness to develop the skill and put
efforts needed to reach the best balance possible among those considerations. In short, engmeers must
possess open eves, open ears, and an open mund (1.e., moral vision, moral histening. and moral reasoming).

This makes the engineers as social experimenters, respect foremost the safety and health of the

affected. while they seek to enrich their knowledge. mush for the profit. follow the mles. or care for
only the beneficiary. The human rights of the participant should be protected through voluntary and

mformed consent.

3.1.2 Comprehensive Perspective

The engineer should grasp the context of his work and ensure that the work mnvolved results in only
moral ends. One should not 1ignore his conscience, if the product or project that he 1s mnvolved wall

result in damaging the nervous system of the people (or even the enemy. 1n case of weapon development)

3.1.3 Moral Autonomy
A detailed discussion 1s available in # 2.5 Viewing engineenng as social expenmentation. and anticipating
unknown consequences should promote an attilude of questioning about the adequacy of the existing
economic and safety standards. This proves a greater sense of personal involvement in one s work.




Accountabilty

3.1.4 Accountability

The term Accountability means:
1. The capacity to understand and act on moral reasons
2. Willingness to submuit one s actions to moral scrutiny and be responsive to the assessment of

others. It includes being answerable for meeting specific obligations. 1.e__ liable to justufy
(or give reasonable excuses) the decisions. actions or means, and outcomes (sometimes

unexpected). when required by the stakeholders or by law._

The tug-of-war between of causal influence by the emplover and moral responsibility of the
emplovee 15 quite common 1n professions. In the engineerning practice, the problems are:

)

(&)

()
(&)

The fragmentation of work 1n a project inevitably makes the final products lie away
from the immediate work place. and lessens the personal responsibility of the emplovee.
Further the responsibilities diffuse into various hierarchies and to vanous people. Nobody
gets the real feel of personal responsibality.

Often projects are executed one after another. An emplovee 15 more interested in
adherence of tight schedules rather than giving personal care for the current project.

More litigation 1s to be faced by the engineers (as 1in the case of medical practitioners).
This makes them wary of showing moral concerns beyond what 1s prescribed by the
institutions. In spite of all these shortcomings. engineers are expected to face the nisk
and show up personal responsibility as the profession demands.




Code of Ethics

6.5 PROFESSIONAL ETHICATL AND PROFESSIONAL CONDUCT
CODES

Safety i1s given a prominent place in all the engineering professional codes.
Engineers are expected to uphold the safety. health and welfare of the public. The
statements in the codes concerning safety are related to the concept of nisk.

NATIONAL SOCIETY OF PROFESSIONAL ENGINEERS (NSPE)

The National Society of Professional Engineers (NSPE) Code of Ethics for
Engineers first canon requires engineers to: “Hold paramount the safety. health and
welfare of the public in the performance of their professional duties.™

It requires engineers to design safely in terms of “Accepted Engineering
Standards.” It encourages engineers not to “Complete. sign or seal plans and/or
specifications that are not of a design safe to the public health and welfare and in
conformity with accepted engineering standards.™

The Accreditation Board }‘DI*EIIgi.T]EEI'iﬂg and Technology (ABET). formerly the
Engmeer’s Council for Professional Development (ECPD) has the following professional
ethics code:




ABET Code of Ethics

CODE OF ETHICS OF ENGINEEES (ABET)

The Fundamental Principles

Engineers uphold and advance the integnty, honor and digmty of the engineenng
profession by:

I Using their knowledge and skill for the enhancement of hmman welfare;
I Being honest and impartial. and serving with fidelity the public, their
emplovers and clients;
Striving to mcrease the competence and prestige of the engineerning
profession; and

IV.  Supporting the professional and technical societies of theiwr disciplines.




Fundamental Canons

The Fundamental Canons

1. Engineers shall hold paramount the safety, health and welfare of the public 1n the
performance of their professional duties.

2. Engineers shall perform services only in the areas of thewr competence.

3. Engineers shall 1ssue public statements only in an objective and truthful manner.
4. Engineers shall act in professional matters for each emplovyer or clhient as faithiul
agents or trustees, and shall avoid conflicts of inferest.

5. Engmeers shall bwild their professional reputation on the ment of their services and
shall not compete unfarly with others.

6. Engimeers shall act in such a manner as to uphold and enhance the honor, integnty
and dignity of the profession.

7. Engmeers shall continue their professional development throughout their careers
and shall provide opportumities for the professional development of those engineers
under their supervision.




|EEE Code of Ethics

» We, the members of the IEEE, in recognition of the importance of our technologie
the quality of life throughout the world, and in accepting a personal obligation to o
Its members and the communities we serve, do hereby commit ourselves to the high
professional conduct and agree:

1. to accept responsibility in making decisions consistent with the safety, health, and wel
public, and to disclose promptly factors that might endanger the public or the environ

2. toavoid real or perceived conflicts of interest whenever possible, and to disclose them to
parties when they do exist;

3. to be honest and realistic in stating claims or estimates based on available data;
4. toreject bribery in all its forms;

5. toimprove the understanding of technology; its appropriate application, and pote
consequences;




|EEE Code of Ethics

10.

to maintain and improve our technical competence and to underta
technological tasks for others only if qualified by training or experie
full disclosure of pertinent limitations;

to seek, accept, and offer honest criticism of technical work, to acknow
correct errors, and to credit properly the contributions of others;

to treat fairly all persons and to not engage in acts of discrimination base
race, religion, gender, disability, age, national origin, gender identity, or g
expression;

to avoid injuring others, their property, reputation, or employment b
malicious action;

to assist colleagues and co-workers in their professional develop
support them in following this code of ethics.




Codes of Ethics

3.2 CODES OF ETHICS

The ‘codes of ethics’ exhibit. rights. duties. and obligations of the members of a profession and a

professional society. The codes exhibit the following essential roles:

1.

Inspiration and guidance. The codes express the collective commitment of the profession to
ethical conduct and public good and thus inspire the individuals. They identify primary

responsibilities and provide statements and guidelines on interpretations for the proiessionals
and the professional societies.

Support to engineers. The codes give positive support to professionals for taking stands on
moral issues. Further they serve as potential legal support to discharge professional obligations.

Deterrence (discourage to act immorally) and discipline (regulate to act morally). The codes
serve as the basis for investigating unethical actions. The professional societies sometimes
revoke membership or suspend/expel the members, when proved to have acted unethical.
This sanction along with loss of respect from the colleagues and the society are bound to act
as deterrent.

Education and mutual understanding. Codes are used to prompt discussion and reflection on

moral issues. They develop a shared understanding by the professionals, public. and the
government on the moral responsibilities of the engineers. The Board of Review of the

professional societies encourages moral discussion for educational purposes.




Codes of Ethics

5. Create good public image. The codes present positive image of the committed profession to

the public, help the engineers to serve the public effectively. They promote more of self
regulation and lessen the government regulations. This 1s bound to raise the reputation of the

profession and the organization, in establishing the trust of the public.

6. Protect the status quo. They create minimum level of ethical conduct and promotes agreement
within the profession. Primary obligation namely the safety, health, and welfare of the
public, declared by the codes serves and protects the public.

7. Promotes business interests. The codes offer mspiration to the entrepreneurs, establish shared

standards. healthy competition, and maximize profit to mvestors, employees. and consumers.




Codes of Ethics - Limitations

Limitations: The codes are not remedy for all evils. They have many limitations. namely:
1. General and vague wordings. Many statements are general in nature and hence unable to
solve all problems.
2. Not applicable to all situations. Codes are not sacred. and need not be accepted without
criticism. Tolerance for criticisms of the codes themselves should be allowed.
3. Often have internal conflicts. Many times. the priorities are clearly spelt out. e.g.. codes

torbid public remarks critical of colleagues (engineers). but they actually discovered a major
bribery. which might have caused a huge loss to the exchequer.

4. Thev can not be treated as final moral authority for protessional conduct. Codes have tflaws
by commission and omission. There are still some grey areas undefined by codes. They can
not be equated to laws. After all. even laws have loopholes and they invoke creativity in the
legal practitioners.

5. Onmnly a few enroll as members in professional society and non-members can not be compelled.

6. Ewven as members of the professional society. many are unaware of the codes

7. Diafferent societies have different codes. The codes can not be uniform or same! Unifyving
the codes may not necessarily solve the problems prevailing various professions. but attempts

are still made towards this nnified codes.

8. Codes are said to be coercive. They are sometimes claimed to be threatening and forceful.




Industrial Standards

3.3 INDUSTRIAL STANDARDS

Industral standards are important for any mdustry. Specification helps m achieving interchangeability.
Standardization reduces the production costs and at the same time. the quality 1s achieved easily. It

helps the manufacturer. customers and the public, in keeping competitiveness and ensuring quality
simultaneously. Industrial standards are established by the Bureau of Indian Standards. in our country

in consultation with leading industries and services.

International standards have become relevant with the development of the world trade. The
International Standards Organization has now detailed specifications for generic products/services with

procedures that the manufacturers or service providers should follow to assure the quality of their
roducts or service. ISO 9000-2000 series are typical examples m this direction.




Industrial Standards - Examples

Table 3.1 gives a list of some types of standards with a few examples.

Table. 3.1 Industrial standards

Aspects Purpose Examples

1. Quality Value appropriate to price Surface finish of a plate.
life of a motor

2. Quality of service Assurance of product to ISO Quality of degrees according
procedures institutions by educational
institutions
3. Safety To safeguard against injury or Methods of waste disposal

damage to property

4. Uniformity of Interchangeability, Standard bolts and

phyvsical properties ease of assembly nuts, standard
and functions time




A balanced outlook on Law

3.4 ABALANCED OUTLOOK ON LAW

The ‘balanced outlook on law’ in engineering practice stresses the necessity of laws and regulations and
also their linutations in directing and controlling the engineering practice. Laws are necessary because.

people are not fully responsible by themselves and because of the competitive nature of the free
enterprise, which does not encourage moral imitiatives. Laws are needed to provide a nunimum level of

compliance.
The following codes are typical examples of how they were enforced in the past:




Code for Builders by Hammurabi

3.4.1 Code for Builders by Hammurabi

Hummurabi the king of Babylon in 1758 framed the following code for the builders:

“If a builder has built a house for a man and has not made his work sound and the house which he
has buult has fallen down and caused the death of the householder. that builder shall be put to death. It

it causes the death of the householder’s son. they shall put that builder’s son to death. If it causes the
death of the householder’s slave. he shall give slave for slave to the householder. If it destroys property.,
he shall replace anything 1t has destroyed: and because he has not made the house sound which he has

|

built and 1t has fallen down, he shall rebuild the house which has fallen down from hus own property.
If a butlder has built a house for a man and does not make his work perfect and the wall bulges, that

builder shall put that wall i sound condition at his own cost”

This code was expected to put m self-regulation sertously n those years.




STEAM BOAT CODE

3.4.2 Steam Boat Code in USA

Whenever there 1s crisis we claim that there ought to be law to control this. Whenever there 1s a fire
accident 1n a factory or fire cracker’s store house or boat capsize we make this claim, and soon forget.
Laws are meant to be interpreted for mimimal compliance. On the other hand, laws when amended or
updated contmuously. would be counter productive. Laws will always lag behind the technological
development. The regulatory or mspection agencies such as Environmental authority of India can play
a major role by framing rules and enforcing compliance.

In the early 19th century. a law was passed in USA to provide for mspection of the safety of
boilers and engines i ships. It was amended many times and now the standards formulated by the
American Society of Mechanical Engineers are followed.




Proper Role of Laws

3.4.3 Proper Role of Laws
Good laws when enforced effectively produce benefits. They establish minimal standards of professional

conduct and provide a motivation to people. Further they serve as moral support and defense for the
people who are willing to act ethically.

Thus. 1t 15 concluded that:

1.

L

The rules which govern engineering practice should be construed as of responsible
experimentation rather than rules of a game. This makes the engineer responsible for the
safe conduct of the experiment.

Precise rules and sanctions are suitable in case of ethical misconduct that involves the violation
of established engineering procedures. which are aimed at the safety and the welfare of the
public.

In situations where the experimentation is large and time consuming. the rules must not try
to cover all possible outcomes. and they should not compel the engineers to follow rigid
courses of action.

The regulation should be broad. but make engineers accountable for their decisions. and
Through their professional societies. the engineers can facilitate framing the rules. amend
wherever necessary. and enforce them. but without giving-in for conflicts of interest.




