
“Introduction to Mechanical Engineering”.

In Section 1 of this course you will cover these topics:
Introduction To Engineering Design
Problem Formulation

Topic Objective:

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

 learn the concept of Defining the Problem

 learn about Finding alternative solutions

 learn about analyzing possible solutions

Definition/Overview:

Engineering Design: Engineering Design is a process used by engineers to help develop

products. The engineering design is defined 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, 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.

This process can be divided up into a ten-step process, which includes identifying a need,

defining the problem, conducting research, narrowing the research, analyzing set criteria, finding

alternative solutions, analyzing possible solutions, making a decision, presenting the product,

and communicating and selling the product. This process is not universal for all engineers or all
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processes. Individuals utilize their personal knowledge and experiences to follow the path to

design success.

Key Points:

1. Identifying a Need

The engineers themselves often do not identify a need, but rather society discovers a need and

then presents that need to the engineering firm. The term need is fairly vague, but often refers to

desire or shortage of a good. This need can sometimes be considered a necessity to some people

but a luxury for others. Identification of the need is a basic engineering design process, without

which engineering design is incomplete.

2. Defining the Problem

Engineers must appropriately define the problem first in order to improve it. Solving an

insignificant problem can cost a firm millions in funding and precious time.

3. Conducting Research

Most of a productive engineers time will be spent on research, locating, applying, and

transferring information. They first must be well acquainted with as much information possible,

which in turn produce a better solution. Here the engineer asks many questions, such as, What

has been written about it? Is something already on the market that may solve the problem? What

is wrong with the way it is being done? What is right with the way it is being done? Who

manufactures the current solution? How much does it cost? Will people pay for a better one if it

cost more? How much will they pay (or how bad is the problem)? All these questions will help

the engineer get a better grasp on the problem at hand.
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Another major part of this research step is determining the source of information. It is the

engineers job to sift through all of the gathered research and decide what is relevant. One source

available is an already existing solution. Reverse engineering is an effective learning technique if

other solutions are available on the market. Other effective sources of information include the

Internet, local libraries, available government documents, personal organizations, trade journals,

vendor catalogs and individual experts available. It is very important to record these findings in a

bibliography that way it is easy to find the information at a later date.

4. Narrowing the Research

Up until now, the problem research and definition has been kept broad to allow for a large

amount of possible solutions. Constraints are necessary because they eliminate any extreme

solutions that would be inefficient, costly, and physically impossible to create.

5. Analyzing set criteria

Criteria, or characteristics have to be established from experience, research, market studies, and

customer preferences that are desired by the consumer. In this step, solutions are compared on a

qualitative basis such as appearance, durability and cost. The importance of each characteristic

must be agreed upon the team of engineers in order to find the top reasonable solutions to the

problem.

6. Finding alternative solutions

In this step, a list of the possible solutions is made and the pros and cons of each solution are

discussed. Engineers will sometimes create a checklist of characteristics of the possible solutions

and decided what could be changed to better the final result. Brainstorming is a great way to

decide what is good about the solution and what could be changed to better the solution.
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7. Analyzing possible solutions

All possible alternative solutions have to be analyzed to determine their potential. At this point

the engineer will again condense the possible solutions. Using mathematical and key engineering

principles, the engineer analyzes the potential performance of the solution to determine if the

solution is physically possible. During this analyzing process engineers review the laws of nature

and determine whether the product is economically practical by using common sense.

8. Making a decision

Some decisions are easily made through analyzing and constraining from the previous steps, but

at other times the decision on which solution to choose can be close to impossible. What makes

decision making so tough is the trade offs of choosing one solution over the other. Often

engineers can come up with impeccable solutions, detailing the strengths and weaknesses of all

solutions, but in the end cannot make the decision of which is better on their own. One tool that

can be helpful in the decision making process is to be organized. Having as much information

possible about all the alternative solutions will make it easier to evaluate the product efficiently.

Another crucial tool is to have the objective for the problem and important criteria clear in mind.

Frequently when working on a problem, an engineer may get side tracked, so its important to

remember the purpose of the solution.

9. Presenting the product

Details about the product can be given visually through sketches. Its important to have accurate

sketches in order to describe your ideas to technicians and drafters. Successful engineers will

have to communicate accurately through written, spoken and graphical languages in order to

develop and interpret specifications.
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10. Communicating and selling the product

Here the engineer has to sell and explain the product in a persuading manner. Selling the product

takes place all along the design process. Another way of communication is the written report,

which may be read by both management and clients. These written reports can vary in formality,

but usually contain an appropriate cover page, abstract, table of contents, body, conclusion and

recommendation, and an appendix. Another common way of communicating the new product is

through an oral presentation which presents the information convincently to the listener. The key

to a good oral presentation is to be prepared, have good posture, good eye contact and project

your voice loud and clearly. Its important that the oral presentation gives enough information to

get the idea across to the desired audience but not too much information to become

overwhelming, and confusing.

Design is the essence of engineer. The purpose of engineering design revolves around our natural

instincts as human beings to always strive for more, and that is why engineering is one of the

fastest growing careers. Society will always strive for more than what is available, pushing

engineers, designers, and inventors to continuously produce more innovative ideas. Through the

engineering design process, engineers are given the tools and guidelines needed to successfully

create these innovative ideas.

Topic Objective:

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

 to learn about the activity aimed at identifying a problem

 learn about the activity aimed at closing the cognitive gap en route to a goal by employing acts or

processes
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Definition/Overview:

Problem Formulation: Problem Formulation is an activity aimed at identifying a problem by

specifying (a) the undesirable and problematic state currently occupied, (b) the resources

currently available to move away from that problematic state, particularly the available courses

of actions, the combinatorial constraints on using them, etc., and (c) the criteria that need to be

satisfied to say that a problem no longer exists or is solved. This activity defines the cognitive

gap between what is and what is desirable and delineates the resources for closing it. Problem

formulation is the creative and probably the more important step towards overcoming a

problematic state than problem-solving. A good definition of what the problem is believed to be

more than half of the way towards its eventual elimination.

Key Points:

1. Problem-Solving

An activity aimed at closing the cognitive gap en route to a goal by employing acts or processes

neither immediately nor obviously suitable towards this end. Problem-solving has been studied

in psychology in the form of puzzles, overcoming obstacles and inventing constructs or devices.

Problem solving underlines nearly all means-ends decisions whether in government, the

management of enterprises or the design of equipment in engineering. The contemporary

emphasis on finding technological solutions to human problems is the principal motor for the

growth of technology but also the principal source of ecological disequilibria and of many

human problems and social instabilities

2. Production

Any process of synthesis, transformation or destruction realized in a space of interacting

components that results not merely in the emission of signals or arrangement of characters, but as
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in a process, material entities which are capable of interacting with other entities possibly

including with the components that produced them

3. Program

A structure of instructions that spells out step-by-step how a job is to be done by a computer. A

list of statements or instructions in a special purpose programming language that directs a

computer to undertake a certain computing task. Programs are needed because modern

computers are essentially general purpose machines whose structure must be specified from the

outside.

4. Programmed Instruction

A technique for presenting a subject matter to a student who can work through it at his own

learning speed. It consists of a network of statements and tests, which direct the student to new

statements depending on his pattern of errors.

5. Progress

A change of not necessarily toward some variable or the movement or a system in a desired

direction, not towards a specific future goal but along a path of increasing value.

An increase in magnitude of some aggregate measure of a system, e.g., growth in gross national

product or in complexity. Growth need not be desirable, e.g., growth in unemployment or in

violence on television. There are two kinds of growth phenomena, (1) growth in numerority, e.g.,

population growth or growth in the number of cars produced, and (2) growth in structure, e.g.,

growth of a crystal or of an enterprise. Without reference to external conditions, structural

growth recognizes several principles. Growth (a) by nucleation: in any system, a structure has a

minimum size below which it cannot exist above which it may expand, (b) by autocatalysis or (c)

according to some kind of plan, e.g., by the rewrite rules of a process,. In complex systems, (d)
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structural growth is likely to effect the parts of a system differentially, creating lags and stresses

which call either (e) for compensatory activities, e.g., crisis intervention or conflict resolution by

a government, or (f) for mediating devices, e.g., exchange networks or communication

technology. (g) All growth creates forms but forms are limited by the pattern of growth thus

ultimately terminating in morphostasis.

Project evaluation

A project is a set of activities, limited in space, time, and scope, which is to achieve specified

objectives. Project evaluation is the control of the planning and implementation of project

activities with regard to the objectives to be achieved. This means that project evaluation, just

like program evaluation, puts normative assessments into the context of planning and

management and hence into the context of intentional action and cycles of action. Here not only

the assessment of facts and scenarios is important but also the, more or less implicit, causal

chains which connect activities with project results and finally with goal achievement.

In Section 2 of this course you will cover these topics:

Information And Communication

Professional And Social Context Of Design

Topic Objective:

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

 learn about the Communication theory

 learn about Communication Theory Framework

 learn about Information theory
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Definition/Overview:

Information and Communication: Information and Communications Technology - or

technologies (ICT) is an umbrella term that includes all technologies for the manipulation and

communication of information. The term is sometimes used in preference to Information

Technology (IT), particularly in two communities: education and government. In the common

usage it is often assumed that ICT is synonymous with IT; ICT in fact encompasses any medium

to record information (magnetic disk/tape, optical disks (CD/DVD), flash memory etc. and

arguably also paper records); technology for broadcasting information - radio, television; and

technology for communicating through voice and sound or images - microphone, camera,

loudspeaker, telephone to cellular phones. It includes the wide variety of computing hardware

(PCs, servers, mainframes, networked storage), the rapidly developing personal hardware market

comprising mobile phones, personal devices, MP3 players, and much more; the full gamut of

application software from the smallest home-developed spreadsheet to the largest enterprise

packages and online software services; and the hardware and software needed to operate

networks for transmission of information, again ranging from a home network to the largest

global private networks operated by major commercial enterprises and, of course, the Internet.

Thus, "ICT" makes more explicit that technologies such as broadcasting and wireless mobile

telecommunications are included. ICT capabilities vary widely from the sophistication of major

western economies to lesser provision in the developing world. But the latter are catching up

fast, often leapfrogging older generations of technology and developing new solutions that match

their specific needs.
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Key Points:

1. Communication theory

There is much discussion in the academic world of communication as to what actually

constitutes communication. Currently, many definitions of communication are used in order to

conceptualize the processes by which people navigate and assign meaning. Communication is

also understood as the exchanging of understanding. Additionally the bio-communication theory

investigates communicative processes within and among non-humans such as bacteria, animals,

fungi and plants.

We might say that communication consists of transmitting information from one person to

another. In fact, many scholars of communication take this as a working definition, and use

Lasswell's maxim, "who says what to whom in what channel with what effect," as a means of

circumscribing the field of communication theory. A simple communication model with a sender

transferring a message containing information to a receiver.

Other commentators suggest that a ritual process of communication exists, one not artificially

divorceable from a particular historical and social context.

Communication stands so deeply rooted in human behaviors and the structures of society that

scholars have difficulty thinking of it while excluding social or behavioral events. Because

communication theory remains a relatively young field of inquiry and integrates itself with other

disciplines such as philosophy, psychology, and sociology, one probably cannot yet expect a

consensus conceptualization of communication across disciplines.

2. Communication Theory Framework

It is helpful to examine communication and communication theory through one of the following

viewpoints:

2.1 Mechanistic

This view considers communication to be a perfect transaction of a message from the

sender to the receiver.

2.2 Psychological

This view considers communication as the act of sending a message to a receiver, and the

feelings and thoughts of the receiver upon interpreting the message.
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2.3 Social Constructionist

This view considers communication to be the product of the interactants sharing and

creating meaning.

2.4 Systemic

This view considers communication to be the new messages created via through-put, or

what happens as the message is being interpreted and re-interpreted as it travels through

people.

2.5 Critical

This view considers communication as a source of power and oppression of individuals

and social groups. Inspection of a particular theory on this level will provide a framework

on the nature of communication as seen within the confines of that theory. Theories can

also be studied and organized according to the ontological, epistemological, and

axiological framework imposed by the theorist.

Ontology essentially poses the question of what, exactly, it is the theorist is examining.

One must consider the very nature of reality. The answer usually falls in one of three

realms depending on whether the theorist sees the phenomena through the lens of a

realist, nominalist, or social constructionist. Realist perspective views the world

objectively, believing that there is a world outside of our own experience and cognitions.

Nominalists, claims that everything outside of ones cognitions is simply names and

labels. Social constructionists straddle the fence between objective and subjective reality,

claiming that reality is what we create together.

Epistemology is an examination of how the theorist studies the chosen phenomena. In

studying epistemology, objective knowledge is said to be the result of a systematic look

at the causal relationships of phenomena. This knowledge is usually attained through use

of the scientific method. Scholars often think that empirical evidence collected in an

objective manner is most likely to reflect truth in the findings. Theories of this ilk are

usually created to predict a phenomenon. Subjective theory holds that understanding is

based on situated knowledge, typically found using interpretative methodology such as

ethnography and interviews. Subjective theories are typically developed to explain or

understand phenomena in the social world.
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3. Information theory

Information theory is a branch of applied mathematics and electrical engineering involving the

quantification of information. Historically, information theory was developed by Claude E.

Shannon to find fundamental limits on compressing and reliably communicating data. Since its

inception it has broadened to find applications in many other areas, including statistical

inference, natural language processing, and cryptography generally, networks other than

communication networks -- as in neurobiology, the evolution and function of molecular codes,

model selection in ecology, thermal physics, quantum computing, plagiarism detection and other

forms of data analysis.

A key measure of information in the theory is known as entropy, which is usually expressed by

the average number of bits needed for storage or communication. Intuitively, entropy quantifies

the uncertainty involved when encountering a random variable. For example, a fair coin flip (2

equally likely outcomes) will have less entropy than a roll of a die (6 equally likely outcomes).

4. Entropy

Entropy of a Bernoulli trial as a function of success probability, often called the binary entropy

function, Hb(p). The entropy is maximized at 1 bit per trial when the two possible outcomes are

equally probable, as in an unbiased coin toss.

The entropy, H, of a discrete random variable X is a measure of the amount of uncertainty

associated with the value of X.

Suppose one transmits 1000 bits (0s and 1s). If these bits are known ahead of transmission (to be

a certain value with absolute probability), logic dictates that no information has been transmitted.

If, however, each is equally and independently likely to be 0 or 1, 1000 bits (in the information

theoretic sense) have been transmitted. Between these two extremes, information can be

quantified as follows. If is the set of all messages x that X could be, and p(x) is the probability

of X given x, then the entropy of X is defined:

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

12
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



(Here, I(x) is the self-information, which is the entropy contribution of an individual message,

and is the expected value.) An important property of entropy is that it is maximized when all

the messages in the message space are equiprobable p(x) = 1 / n,i.e., most unpredictablein which

case H(X) = logn.

The special case of information entropy for a random variable with two outcomes is the binary

entropy function:

5. Joint Entropy

The joint entropy of two discrete random variables X and Y is merely the entropy of their

pairing: (X,Y). This implies that if X and Y are independent, then their joint entropy is the sum

of their individual entropies.

For example, if (X,Y) represents the position of a chess piece X the row and Y the column, then

the joint entropy of the row of the piece and the column of the piece will be the entropy of the

position of the piece.

Topic Objective:

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

 Understand Cultural Dimensions of Technology Development

 Understand Social Context

 Understand Cultural Aspect
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Definition/Overview:

Engineering is a subject that ranges from large collaborations to small individual projects.

Almost all engineering projects are beholden to some sort of financing agency: a company, a set

of investors, or a government. The few types of engineering that are minimally constrained by

such issues are pro bono engineering and open design engineering. By its very nature

engineering is bound up with society and human behavior. Every product or construction used by

modern society will have been influenced by engineering design. Engineering design is a very

powerful tool to make changes to environment, society and economies, and its application brings

with it a great responsibility, as represented by many of the Engineering Institutions codes of

practice and ethics. Whereas medical ethics is a well-established field with considerable

consensus, engineering ethics is far less developed, and engineering projects can be subject to

considerable controversy. Just a few examples of this from different engineering disciplines are

the development of nuclear weapons, the Three Gorges Dam, the design and use of Sports Utility

Vehicles and the extraction of oil. There is a growing trend amongst western engineering

companies to enact serious Corporate and Social Responsibility policies, but many companies do

not have these. Engineering is a key driver of human development. Sub-Saharan Africa in

particular has a very small engineering capacity which results in many African nations being

unable to develop crucial infrastructure without outside aid. The attainment of many of the

Millennium Development Goals requires the achievement of sufficient engineering capacity to

develop infrastructure and sustainable technological development. All overseas development and

relief NGOs make considerable use of engineers to apply solutions in disaster and development

scenarios. A number of charitable organizations aim to use engineering directly for the good of

mankind: Engineers without Borders Engineers against Poverty Registered Engineers for

Disaster Relief Engineers for a Sustainable World
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Key Points:

1. Cultural Dimensions of Technology Development

Today, innovative technology, mobile communications, and the Internet play a role in most

people's daily lives, being applied in diverse directions. As a result, social activities, cultural

values, and the overall social fabric have been unavoidably influenced, particularly in Asian

countries, where cultural traditions have been slowly fading away. On the other hand, cultural

differences directly influence decision-making when it comes to the ambitious target of

globalization for many commercial software and online applications. Cultural preferences have

become one of the most significant subjects and focuses of technology development, as it slowly

turns away from issues of usability to issues of fulfilling users' cultural and social needs. In the

next stage of technology development, it can be expected that the most essential concern will be

to comprehend the needs of users all around the world, with regard to differences in language,

customs, and behavior. In this section, several different aspects of such cultural issues will be

discussed separately.

2. Social Context

In view of social requirements, it is argued that there is a social-technical gap between what we

know we must support socially and what we can support technically. Based on social science

theories, he highlights that social activities are fluid and nuanced. People have a great ability to

be aware of the details and nuances of social interactions, and their behaviors are strongly

determined by situations. People interact with others through many social cues, including those

determined by facial expression, eye contact, gesture, tone of voice, and temperament. In

common ground theory, it is suggested that people are constantly checking these social cues to

make certain they are attaining mutual understanding. A shortage of social information will have

a direct impact on communication. In addition, people determine their reactions and attitudes

toward others according to such social nuances. However, it is difficult to represent all of these

social cues in computer-mediated communication. It has been pointed out that online

communicating is characterized by a lack of social context cues. The social order, social norms,
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social conscience and accountability of behavior that exist in the real world become uncertain

and frail on the Internet.

3. Cultural Aspect

Cultural Aspect is defined as the collective programming of the mind which distinguishes the

members of one group or category of people from another. A culture can be distinguished as a

set of shared characteristics within a group of people, and these characteristics include thoughts,

values, and behaviors. In addition, cultures are primarily formed by specific social facts,

including religion, politics, rituals, values and language. For the purpose of human-computer

interaction it is indicated that culture does not determine the behavior of individuals but it does

point to probable modes of perception, thought, and action. Culture is therefore both a structure

as well as a process. Furthermore, culture manifests itself in cultural models, which are acquired

through interaction with the environment. In the past decade, user-centered design has become

the essence of human-computer interface design, interaction design, and industrial design. In

these domains, designers and system developers focus on comprehending and meeting people's

specific requirements. However, for the purposes of globalization, the online application design

of most commercial pursuits has been forced to confront the serious issues that relate to cultural

differences, due to the great variety globally in preferences, motivations for accessing media,

personal perceptions and values of users. These are definitely different from one culture to

another.

In Section 3 of this course you will cover these topics:
Probabilistic Considerations In Design
Concept Generation
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Topic Objective:

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

 learn about the Designers perspective

 understand the objective of probabilistic design

 learn the Design Of Experiments

Definition/Overview:

Probabilistic design: Probabilistic design is a discipline within Engineering Design. It deals

primarily with the consideration of the effects of random variability upon the performance of an

engineering system during the design phase. Typically, these effects are related to quality and

reliability. Thus, probabilistic design is a tool that is mostly used in areas that are concerned with

quality and reliability. For example, product design, quality control, systems engineering,

machine design, civil engineering (particularly useful in Limit state design) and manufacturing.

It differs from the classical approach to design by assuming a small probability of failure instead

of using the safety factor

Key Points:

1. Designers perspective

When using a probabilistic approach to design, the designer no longer thinks of each variable as

a single value or number. Instead, each variable is viewed as a probability distribution. From this

perspective, probabilistic design predicts the flow of variability (or distributions) through a

system. By considering this flow, a designer can make adjustments to reduce the flow of random

variability, and improve quality. Proponents of the approach contend that many quality problems

can be predicted and rectified during the early design stages and at a much reduced cost.
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2. The objective of probabilistic design

Typically, the goal of probabilistic design is to identify the design that will exhibit the smallest

effects of random variability. This could be the one design option out of several that is found to

be most robust. Alternatively, it could be the only design option available, but with the optimum

combination of input variables and parameters. This second approach is sometimes referred to as

robustification, parameter design or design for six sigma.

3. Methods used

Essentially, probabilistic design focuses upon the prediction of the effects of random variability.

Some methods that are used to predict the random variability of an output include:

3.1 Monte Carlo method

Monte Carlo methods are a class of computational algorithms that rely on repeated random

sampling to compute their results. Monte Carlo methods are often used when simulating

physical and mathematical systems. Because of their reliance on repeated computation and

random or pseudo-random numbers, Monte Carlo methods are most suited to calculation by a

computer. Monte Carlo methods tend to be used when it is infeasible or impossible to

compute an exact result with a deterministic algorithm.

Monte Carlo simulation methods are especially useful in studying systems with a large

number of coupled degrees of freedom, such as fluids, disordered materials, strongly coupled

solids, and cellular structures. More broadly, Monte Carlo methods are useful for modeling

phenomena with significant uncertainty in inputs, such as the calculation of risk in business.

These methods are also widely used in mathematics: a classic use is for the evaluation of

definite integrals, particularly multidimensional integrals with complicated boundary

conditions.
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3.2 Propagation of Error

In engineering, propagation of uncertainty (or propagation of error) is the effect of variables'

uncertainties (or errors) on the uncertainty of a function based on them. When the variables

are the values of experimental measurements they have uncertainties due to measurement

limitations (e.g. instrument precision) which propagate to the combination of variables in the

function.

The uncertainty is usually defined by the absolute error. Uncertainties can also be defined by

the relative error Δx/x, which is usually written as a percentage.

Most commonly the error on a quantity, Δx, is given as the standard deviation; σ. Standard

deviation is the positive square root of variance, σ2. The value of a quantity and its error are

often expressed as . If the statistical probability distribution of the variable is

known or can be assumed, it is possible to derive confidence limits to describe the region

within which the true value of the variable may be found. For example, the 68% confidence

limits for a variable belonging to a normal distribution are one standard deviation from the

value, that is, there is a 68% probability that the true value lies in the region . If the

variables are correlated, then covariance must be taken into account.

3.3 Design of Experiments (DOE)

Design of experiments, or experimental design, is the design of all information-gathering

exercises where variation is present, whether under the full control of the experimenter or

not. (The latter situation is usually called an observational study.) Often the experimenter is

interested in the effect of some process or intervention (the "treatment") on some objects (the

"experimental units"), which may be people. Design of experiments is thus a discipline that

has very broad application across all the natural and social sciences.
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3.4 Statistical Inference

When two probability distributions overlap, statistical interference exists. Knowledge of the

distributions can be used to determine the likelihood that one parameter exceeds another, and

by how much.

This technique can be used for dimensioning of mechanical parts, determining when an

applied load exceeds the strength of a structure, and in many other situations. This type of

analysis can also be used to estimate the probability of failure or the frequency of failure.

Topic Objective:

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

 learn the Shortcomings of traditional concept generation

 learn the Modern concept testing

Definition/Overview:

Concept generation is the part of the project when the team finally gets to use its creativity to

develop innovative solutions to meet the customer's needs. Once the critical sub-problems are

identified, the group develops and examines various ideas to address each of the sub-problems.

Next, the group combined the solutions to the critical sub-problems to generate some potential

full device solutions. The concept generation portions of concept testing have been

predominantly qualitative. Advertising professionals have generally created concepts and

communications of these concepts for evaluation by consumers, on the basis of consumer
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surveys and other market research, or on the basis of their own experience as to which concepts

they believe represent product ideas that are worthwhile in the consumer market. Concept testing

is the process of using quantitative methods and qualitative methods to evaluate consumer

response to a product idea prior to the introduction of a product to the market. It can also be used

to generate communication designed to alter consumer attitudes toward existing products. These

methods involve the evaluation by consumers of product concepts having certain rational

benefits, such as "a detergent that removes stains but is gentle on fabrics," or non-rational

benefits, such as "a shampoo that lets you be yourself." Such methods are commonly referred to

as concept testing and have been performed using field surveys, personal interviews and focus

groups, in combination with various quantitative methods, to generate and evaluate product

concepts.

Key Points:

1. Shortcomings of traditional concept generation

The traditional system of concept testing has been inadequate as a means to identify and quantify

the criteria upon which consumer preference of one concept over another was based. These

methods were insufficient to ascertain the relative importance of the factors responsible for or

governing why consumers, markets and market segments reacted differently to concepts

presented to them in the concept tests. Without such information, market researchers and

advertisers, with their expertise, could generalize, on the basis of a concept test, as to how

consumers might react to the actual products or to variations of the tested concepts.

Communication of the concept, as embodied in a new product, has generally been left to the

creativity of the advertising agency. No systematic quantitative method was known, however,

which could accurately identify the criteria on which the consumer choices were based and the

contribution or importance of each criterion to the purchase decision. Therefore, previous

concept testing methods have failed to provide market researchers with the complete information

necessary for them to create products specifically tailored to satisfy a consumer group balance of

purchase criteria.
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Moreover, traditional concept testing methods have failed to accurately quantify the relationships

between consumer response to concepts and consumer choice of existing products which

compete in the same consumer market. Thus, they were unable to provide a communication of

the benefits of a consumer product, closely representing the tested concept, to a high degree of

accuracy.

These problems of concept testing have been identified in business and marketing journals. For

example, Moore and William in a literature survey and review of concept testing methodology,

point out that concept tests have failed to account for changes between the concept tested and the

communication describing the benefits of the product which embodies the concept. The Moore

article reports that "no amount of improvement in current concept testing practices can remedy

these problems." This is reflective of the fact that none of the traditional methods provided a

quantitative means for ascertaining the relative importance of the underlying criteria of concept

choices as a means for identifying the visual and verbal expressions of the concepts which best

communicate the benefits sought by the consumer. Nor did the traditional methods quantify the

relationships between concepts and existing products offered in the same consumer market. The

ability of a method to ameliorate or overcome the above shortcomings would provide substantial

improvement in communication of the concepts identified in testing and offered to the market as

a product.

2. Modern concept testing

Today, with the advent of the Internet, concept testing has experienced resurgence. Armed with

the ability to show thousands of respondents images of an actual concept, many market

researchers, and organizations, have had their faith restored in this once questionable method.

Online survey takers now have the ability to view a potential product in a similar manner to how

they would view the same product in a retail environment. In addition, with online retailing

become increasingly prominent, many online respondents are also online consumers. Thus, they

are able to easily place themselves in the mindset of a consumer looking to buy goods or

services. Since the arrival of these methods, market researchers have been able to make better,

more accurate, suggestions to their clients regarding the decision to move forward, revise, or
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start over with a product concept. Online Choice Modelling for example can produce detailed

econometric models of demand for various attributes of the new product such as feature,

packaging and price.

Example/Case Study:

1. Decomposition of Design Problem

The intent of decomposition is not necessarily to design any new technologies, but rather to

combine existing technologies and solutions in a novel way to accomplish a specific task. The

device is attempting to emulate the actions that human would take to dose a syringe.

Consequently, the problem does not lend itself naturally to functional decomposition; breaking

down the problem by sequence of steps allows each step in the process to be addressed as its own

sub-problem, and product concepts consist of various combinations of mechanisms that would

accomplish the task of dosing a syringe.

2. Concept Breadth and Diversity

To explore various means for accomplishing critical sub-problems, concept classification trees

are used diversify different solutions. Each injection requires a new syringe which must be

loaded by the user. Loading can be achieved by either securing the syringe with form or force-

fitting constraints. Form-fitting constraints include a clip into which the syringe barrel could

snap. Similarly, a cylindrical opening as wide as the syringe diameter, a fitting for the syringe

wings, and a latching mechanism would also take advantage of various aspects of the syringe

geometry for loading. On the other hand, more general securing mechanisms such as a spring-
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loaded latch or ball bearing would load and secure the syringe without a dependence on the

syringe form.

3. Bottle Loading

Like the syringe, the insulin bottle must be loaded by the user. Again, either a form or force-

fitting constraint could be utilized.

4. Addressing Bubbles

Bubbles in the syringe after dosing must be eliminated to prevent misdoses. Slowly withdrawing

the syringe plunger when dosing may prevent bubble formation entirely. However, if this

technique is not feasible, bubble detection and removal system, or simply a removal mechanism

could be used. Bubbles can be detected using several transducers that measure changes in a

uniform insulin volume when bubbles are present. Capacitative, ultrasonic, and photoelectric

transducers could be utilized in this way. The simplest removal mechanism would involve

overdrawing a known volume of insulin, forcing the bubbles into this volume, and expelling

them. Multiple dose withdrawal, tapping, or a piezoelectric transducer could also be used to

remove bubbles.
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5. Syringe Dosing

In order to dose the syringe, the plunger must be mechanically retracted a specific distance.

Either a pneumatic, hydraulic, or electric system could perform this operation. Of these, an

electrically driven system offers the most options. A linear or rotational motor could be used to

power various mechanisms for actuating the syringe plunger.

User Interface

The user requires an interface to enter the insulin dose desired. A dial, up/down buttons, and a

numeric keypad would require the user to physically enter the dose. A dial or up/down buttons

would increment by a single insulin unit (0.01 cc), while the exact amount could be entered using

the keypad. Finally, a hands-free dosing input could be achieved using voice recognition

hardware or mental telepathy.

Bottle Mixing

Before injecting long-acting insulin, the insulin in the bottle must be mixed to a uniform

consistency. Either the bottle itself can be shaken in a cyclical pattern to mix the contained

liquid, or the liquid itself internally mixed with the bottle stationary. Bottle movement

rotationally and translationally can achieve mixing by controlling the frequency and duration of

the movements. Internally, repeated drawing and expulsion of insulin with the syringe, or the

activation of a magnetic stirring pill would also mix the insulin.
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In Section 4 of this course you will cover these topics:
Project Planning

Engineering Economics

Topic Objective:

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

 understand the concept of Cost overrun

 learn about the Project stakeholders

 understand the concept of Design Structure Matrix

Definition/Overview:

Project Planning: Project planning is part of project management, which relates to the use of

schedules such as Gantt charts to plan and subsequently report progress within the project

environment.

Initially, the project scope is defined and the appropriate methods for completing the project are

determined. Following this step, the durations for the various tasks necessary to complete the

work are listed and grouped into a work breakdown structure. The logical dependencies between

tasks are defined using an activity network diagram that enables identification of the critical

path. Float or slack time in the schedule can be calculated using project management software.

Then the necessary resources can be estimated and costs for each activity can be allocated to

each resource, giving the total project cost. At this stage, the project plan may be optimized to

achieve the appropriate balance between resource usage and project duration to comply with the

project objectives. Once established and agreed, the plan becomes what is known as the baseline.
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Progress will be measured against the baseline throughout the life of the project. Analyzing

progress compared to the baseline is known as earned value management

Key Points:

1. Cost overrun

Cost overrun is defined as excess of actual cost over budget. Cost overrun is also sometimes

called "cost escalation," "cost increase," or "budget overrun." However, cost escalation and

increases do not necessarily result in cost overruns if cost escalation is included in the budget.

Cost overrun is common in infrastructure, building, and technology projects. One of the most

comprehensive studies of cost overrun that exists found that 9 out of 10 projects had overrun,

overruns of 50 to 100 percent were common, overrun was found in each of 20 nations and five

continents covered by the study, and overrun had been constant for the 70 years for which data

were available. For IT projects, an industry study by the Standish Group (2004) found that

average cost overrun was 43 percent, 71 percent of projects were over budget, over time, and

under scope, and total waste was estimated at US$55 billion per year in the US alone.

Spectacular examples of cost overrun are the Sydney Opera House with 1,400 percent, and the

Concorde supersonic aero plane with 1,100 percent. The cost overrun of Boston's Big Dig was

275 percent, or US$11 billion. The cost overrun for the Channel tunnel between the UK and

France was 80 percent for construction costs and 140 percent for financing costs.

Three types of explanation of cost overrun exist: technical, psychological, and political-

economic. Technical explanations account for cost overrun in terms of imperfect forecasting

techniques, inadequate data, etc. Psychological explanations account for overrun in terms of

optimism bias with forecasters. Finally, political-economic explanations see overrun as the result

of strategic misrepresentation of scope and/or budgets.

All of the explanations above can be considered a form of risk. A project's budgeted costs should

always include cost contingency funds to cover risks (other than scope changes imposed on the
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project). As has been shown in cost engineering research, poor risk analysis and contingency

estimating practices account for many project cost overruns. Numerous studies have found that

the greatest cause of cost growth was poorly defined scope at the time that the budget was

established. The cost growth (overrun of budget before cost contingency is added) can be

predicted by rating the extent of scope definition, even on complex projects with new

technology.

Cost overrun is typically calculated in one of two ways either as a percentage, namely actual cost

minus budgeted cost, in percent of budgeted cost. Or as a ratio, viz. actual cost divided by

budgeted cost. For example, if the budget for building a new bridge was $100 million and the

actual cost was $150 million then the cost overrun may be expressed as 50 percent or by the ratio

1.5.

2. Project stakeholders

Project stakeholders are those entities within or without an organization which:

 Sponsor a project or,

 Have an interest or a gain upon a successful completion of a project.

Examples of project stakeholders include the customer, the user group, the project manager, the

development team, the testers, etc.

Stakeholders are anyone who has an interest in the project. Project stakeholders are individuals

and organizations that are actively involved in the project, or whose interests may be affected as

a result of project execution or project completion. They may also exert influence over the

projects objectives and outcomes. The project management team must identify the stakeholders,

determine their requirements and expectations, and, to the extent possible, manage their

influence in relation to the requirements to ensure a successful project

The following are examples of project stakeholders:

 Project leader

 Project team members
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 Upper management

 Project customer

 Resource Managers

 Line Managers

 Product user group

 Project testers

There are narrower views of the term stakeholder, focusing on the influencers and decision

makers of a business or technological change. In this context, stakeholders are managers who

have the organizational authority to allocate resources (people, money, services) and set

priorities for their own organizations in support of a change. They are the people who make or

break a change.

The rationale for this emphasis on decision maker is reinforced by the views of John Kotter, a

professor at the Harvard Business School and the author of numerous books on corporate culture,

change and leadership. In an interview published in CIO Insight magazine, Kotter said,

"I've seen too many technology projects get dumped on project teams and task forces that simply

don't have enough clout, enough credibility, connections, you name it, to be able to do a difficult

job, and so, surprise, surprise, they start getting frustrated and the powerful people in the

company just ignore them or do what they want to do anyway. Also, on a lot of the IT projects, if

you go up to the typical line manager and say to him, You've got this big thing going on here.

What's the vision? Paint a picture for me. How's the company going to be different in 18 months

when this is all done? They can't even see it. So of course they haven't bought into it. And if they

haven't bought into it, are they going to cooperate?"

3. Mega-Projects

A megaproject is an extremely large-scale investment project. Megaprojects are typically defined

as costing more than US$1 billion and attracting a lot of public attention because of substantial

impacts on communities, environment, and budgets. Megaprojects can also be defined as

"initiatives that are physical, very expensive, and public." Care in the project development

process may be needed to reduce any possible optimism bias and strategic misrepresentation.
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Megaprojects include bridges, tunnels, highways, railways, airports, seaports, power plants,

dams, wastewater projects, Special Economic Zones (SEZ), oil and natural gas extraction

projects, public buildings, information technology systems, aerospace projects, and weapons

systems.

4. Design Structure Matrix

The design structure matrix (DSM) (also referred to as Dependency Structure Method,

Dependency Structure Matrix, Problem Solving Matrix (PSM), incidence matrix, N-square

matrix or Design Precedence Matrix) is a compact, matrix representation of a system or project.

The approach can be used to model complex systems in systems engineering or systems analysis,

and in project planning and project management.

A design structure matrix lists all constituent subsystems/activities and the corresponding

information exchange and dependency patterns. In other words, it details what pieces of

information are needed to start a particular activity, and shows where the information generated

by that activity leads. In this way, one can quickly recognize which other tasks are reliant upon

information outputs generated by each activity.

Topic Objective:

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

 learn about Time value of money

 understand the concept of Cash Flows

 learn the concept of Interest Rate

 Understand what Inflation and Depreciation is?
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Definition/Overview:

Engineering economics, previously known as engineering economy, is a subset of economics for

application to engineering projects. Engineers seek solutions to problems, and the economic

viability of each potential solution is normally considered along with the technical aspects.

In the U.S. undergraduate engineering curricula, engineering economics is often a required

course. It is a topic on the Fundamentals of Engineering examination, and questions might also

be asked on the Principles and Practice of Engineering examination; both are part of the

Professional Engineering registration process.

Considering the time value of money is central to most engineering economic analyses. Cash

flows are discounted using an interest rate, i, except in the most basic economic studies.

For each problem, there are usually many possible alternatives. One option that must be

considered in each analysis, and is often the choice, is the do nothing alternative. The

opportunity cost of making one choice over another must also be considered. There are also

noneconomic factors to be considered, like color, style, public image, etc., and are called

attributes.

Costs as well as revenues are considered, for each alternative, for an analysis period that is either

a fixed number of years or the estimated life of the project. The salvage value is often forgotten,

but is important, and is either the net cost or revenue for decommissioning the project.

Some other topics that may be addressed in engineering economics are inflation, uncertainty,

replacements, depreciation, resource depletion, taxes, tax credits, accounting, cost estimations, or

capital financing. All these topics are primary skills and knowledge areas in the field of cost

engineering.

Since engineering is an important part of the manufacturing sector of the economy, engineering

industrial economics is an important part of industrial or business economics. Major topics in

engineering industrial economics are:

 the economics of the management, operation, and growth and profitability of engineering firms;
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 macro-level engineering economic trends and issues;

 engineering product markets and demand influences; and

 the development, marketing, and financing of new engineering technologies and products

Key Points:

1. Time value of money

The concepts of present and future value hinge upon the premise that an investor prefers to

receive a payment of a fixed amount of money today, rather than an equal amount in the future,

all else being equal. In particular, the time value of money represents the interest one might earn

on a payment received today, if held, earning interest, until that future date.

All of the standard calculations derive from the most basic algebraic expression for the present

value of a future sum, "discounted" to the present by an amount equal to the time value of

money. For example, a sum of FV to be received in one year is discounted (at the rate of interest

r) to give a sum of PV at present:

PV = FV rPV = FV/(1+r)

Some standard calculations based on the time value of money are:

 Present Value (PV) of an amount that will be received in the future.

 Present Value of a Annuity (PVA) is the present value of a stream of (equally-sized) future

payments, such as a mortgage.

 Present Value of Perpetuity is the value of a regular stream of payments that lasts "forever", or at

least indefinitely.

 Future Value (FV) of an amount invested (such as in a deposit account) now at a given rate of

interest.

 Future Value of an Annuity (FVA) is the future value of a stream of payments (annuity),

assuming the payments are invested at a given rate of interest.
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2. Cash Flows

Cash flow (also called net cash flow) is the balance of the amounts of cash being received and

paid by a business during a defined period of time, sometimes tied to a specific project.

Measurement of cash flow can be used

 To evaluate the state or performance of a business or project.

 To determine problems with liquidity. Being profitable does not necessarily mean being liquid.

A company can fail because of a shortage of cash, even while profitable.

 To generate project rate of returns. The time of cash flows into and out of projects are used as

inputs to financial models such as internal rate of return, and net present value.

 To examine income or growth of a business when it is believed that accrual accounting concepts

do not represent economic realities. Alternately, cash flow can be used to 'validate' the net

income generated by accrual accounting.

Cash flow as a generic term may be used differently depending on context, and certain cash flow

definitions may be adapted by analysts and users for their own uses. Common terms (with

relatively standardized definitions) include operating cash flow and free cash flow.

3. Interest Rate

An interest rate is the price a borrower pays for the use of money they do not own, for instance a

small company might borrow from a bank to kick start their business, and the return a lender

receives for deferring the use of funds, by lending it to the borrower. Interest rates are normally

expressed as a percentage rate over the period of one year

Interest rates targets are also a vital tool of monetary policy and are used to control variables like

investment, inflation, and unemployment.

4. Inflation

In economics, inflation is a rise in the general level of prices of goods and services in an

economy over a period of time. The term "inflation" once referred to increases in the money

supply (monetary inflation); however, economic debates about the relationship between money
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supply and price levels have led to its primary use today in describing price inflation. Inflation

can also be described as a decline in the real value of moneya loss of purchasing power in the

medium of exchange which is also the monetary unit of account. When the general price level

rises, each unit of currency buys fewer goods and services. A chief measure of price inflation is

the inflation rate, which is the percentage change in a price index over time.

Inflation can cause adverse effects on the economy. For example, uncertainty about future

inflation may discourage investment and saving. High inflation may lead to shortages of goods if

consumers begin hoarding out of concern that prices will increase in the future.

5. Depreciation

Depreciation is a term used in accounting, economics and finance to spread the cost of an asset

over the span of several years.

In simple words we can say that depreciation is the reduction in the value of an asset due to

usage, passage of time, wear and tear, technological outdating or obsolescence, depletion or

other such factors.

In accounting, depreciation is a term used to describe any method of attributing the historical or

purchase cost of an asset across its useful life, roughly corresponding to normal wear and tear. It

is of most use when dealing with assets of a short, fixed service life, and which is an example of

applying the matching principle per generally accepted accounting principles. Depreciation in

accounting is often mistakenly seen as a basis for recognizing impairment of an asset, but

unexpected changes in value, where seen as significant enough to account for, are handled

through write-downs or similar techniques which adjust the book value of the asset to reflect its

current value. Therefore, it is important to recognize that depreciation, when used as a technical

accounting term, is the allocation of the historical cost of an asset across time periods when the

asset is employed to generate revenues. This process of cost allocation has little or no direct

relationship to the market value or current selling price of the asset, it is simply the recognition

that a portion of the asset's cost--the portion that will never be recuperated through re-sale or

disposal of the asset--was "used up" in the generation of revenues for that time period.
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The use of depreciation affects the financial statements and in some countries the taxes of

companies and individuals. The recording of depreciation will cause an expense to be

recognized, thereby lowering stated profits on the income statement, while the net value of the

asset (the portion of the historical cost of the asset that remains to provide future value to the

company) will decline on the balance sheet. Depreciation reported for accounting and tax

purposes may differ substantially.

Depreciation and its related concept, amortization (generally, the depreciation of intangible

assets), are non-cash expenses. Neither depreciation nor amortization will directly affect the cash

flow of a company, as both are accounting representations of expenses attributable to a given

period. In accounting statements, depreciation may neither figure in the cash flow statement, nor

be "added back" to net income (along with other items) to derive the operating cash flow.

Depreciation recognized for tax purposes will, however, affect the cash flow of the company, as

tax depreciation will reduce taxable profits; there is generally no requirement that treatment of

depreciation for tax and accounting purposes be identical. Where depreciation is shown on

accounting statements, the figure usually does not relate to depreciation for tax purposes.

Salvage value is the estimated value of an asset at the end of its useful life. In accounting, the

salvage value of an asset is its remaining value after depreciation. This is also known as residual

value or scrap value. It is the net cash inflow that occurs when the asset is liquefied at the end of

its life. Salvage value can be negative if the residual asset requires special treatment to

terminatefor example, used nuclear materials.

In Section 5 of this course you will cover these topics:

Decision Making

Optimum Design
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Topic Objective:

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

 learn the topic of Decision making processes

 understand the Cognitive and personal biases

 learn Styles and methods of decision making

Definition/Overview:

Decision making can be regarded as an outcome of mental processes (cognitive process) leading

to the selection of a course of action among several alternatives. Every decision making process

produces a final choice. The output can be an action or an opinion of choice. Human

performance in decision making terms has been the subject of active research from several

perspectives. From a psychological perspective, it is necessary to examine individual decisions in

the context of a set of needs, preferences an individual has and values they seek. From a

cognitive perspective, the decision making process must be regarded as a continuous process

integrated in the interaction with the environment. From a normative perspective, the analysis of

individual decisions is concerned with the logic of decision making and rationality and the

invariant choice it leads to.

Yet, at another level, it might be regarded as a problem solving activity which is terminated

when a satisfactory solution is found. Therefore, decision making is a reasoning or emotional

process which can be rational or irrational, can be based on explicit assumptions or tacit

assumptions.

Logical decision making is an important part of all science-based professions, where specialists

apply their knowledge in a given area to making informed decisions. For example, medical

decision making often involves making a diagnosis and selecting an appropriate treatment. Some

research using naturalistic methods shows, however, that in situations with higher time pressure,

higher stakes, or increased ambiguities, experts use intuitive decision making rather than

structured approaches, following recognition primed decision approach to fit a set of indicators
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into the expert's experience and immediately arrive at a satisfactory course of action without

weighing alternatives. Recent robust decision efforts have formally integrated uncertainty into

the decision making process. However, Decision Analysis recognized and included uncertainties

with a structured and rationally justifiable method of decision making since its conception in

1964.

Key Points:

1. Decision making processes topics

According to behavioralist Isabel Briggs Myers, a person's decision making process depends on

a significant degree on their cognitive style. Myers developed a set of four bi-polar dimensions,

called the Myers-Briggs Type Indicator (MBTI). The terminal points on these dimensions are:

thinking and feeling; extroversion and introversion; judgment and perception; and sensing and

intuition. She claimed that a person's decision making style is based largely on how they score on

these four dimensions. For example, someone who scored near the thinking, extroversion,

sensing, and judgment ends of the dimensions would tend to have a logical, analytical, objective,

critical, and empirical decision making style.

Other studies suggest that these national or cross-cultural differences exist across entire societies.

For example, Maris Martinsons has found that American, Japanese and Chinese business leaders

each exhibit a distinctive national style of decision making.

Some of the decision making techniques that we use in everyday life include:

 listing the advantages and disadvantages of each option, popularized by Plato and Benjamin

Franklin

 flipping a coin, cutting a deck of playing cards, and other random or coincidence methods

 accepting the first option that seems like it might achieve the desired result

 prayer, tarot cards, astrology, augurs, revelation, or other forms of divination

 acquiesce to a person in authority or an "expert"
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 choosing the alternative with the highest probability-weighted utility for each alternative

2. Cognitive and personal biases

Biases can creep into our decision making processes. Many different people have made a

decision about the same question (e.g. "Should I have a doctor look at this troubling breast

cancer symptom I've discovered?" "Why did I ignore the evidence that the project was going

over budget?") And then craft potential cognitive interventions aimed at improving decision

making outcomes.

Below is a list of some of the more commonly debated cognitive biases.

 Selective search for evidence (a.k.a. Confirmation bias in psychology- We tend to be willing to

gather facts that support certain conclusions but disregard other facts that support different

conclusions.

 Premature termination of search for evidence - We tend to accept the first alternative that looks

like it might work.

 Inertia - Unwillingness to change thought patterns that we have used in the past in the face of

new circumstances.

 Selective perception - We actively screen-out information that we do not think is salient.

 Wishful thinking or optimism bias - We tend to want to see things in a positive light and this can

distort our perception and thinking.

 Choice-supportive bias occurs when we distort our memories of chosen and rejected options to

make the chosen options seem relatively more attractive.

 Recency - We tend to place more attention on more recent information and either ignore or

forget more distant information. The opposite effect in the first set of data or other information is

termed Primacy effect

 Repetition bias - A willingness to believe what we have been told most often and by the greatest

number of different of sources.

 Anchoring and adjustment - Decisions are unduly influenced by initial information that shapes

our view of subsequent information.

 Group think - Peer pressure to conform to the opinions held by the group.
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 Source credibility bias - We reject something if we have a bias against the person, organization,

or group to which the person belongs: We are inclined to accept a statement by someone we like.

 Incremental decision making and escalating commitment - We look at a decision as a small step

in a process and this tends to perpetuate a series of similar decisions. This can be contrasted with

zero-based decision making.

 Attribution asymmetry - We tend to attribute our success to our abilities and talents, but we

attribute our failures to bad luck and external factors. We attribute other's success to good luck,

and their failures to their mistakes.

 Role fulfillment (Self Fulfilling Prophecy) - We conform to the decision making expectations

that others have of someone in our position.

 Underestimating uncertainty and the illusion of control - We tend to underestimate future

uncertainty because we tend to believe we have more control over events than we really do. We

believe we have control to minimize potential problems in our decisions.

3. Neuroscience perspective

The anterior cingulate cortex (ACC), orbitofrontal cortex (and the overlapping ventromedial

prefrontal cortex) are brain regions involved in decision making processes. A recent

neuroimaging study, found distinctive patterns of neural activation in these regions depending on

whether decisions were made on the basis of personal volition or following directions from

someone else. Patients with damage to the ventromedial prefrontal cortex have difficulty making

decisions.

Another recent study found that lesions to the ACC in the macaque resulted in impaired decision

making in the long run of reinforcement guided tasks suggesting that the ACC is responsible for

evaluating past reinforcement information and guiding future action.

Emotion appears to aid the decision making process: Decision making often occurs in the face of

uncertainty about whether one's choices will lead to benefit or harm. The somatic-marker

hypothesis is a neurobiological theory of how decisions are made in the face of uncertain

outcome. This theory holds that such decisions are aided by emotions, in the form of bodily

states, that are elicited during the deliberation of future consequences and that mark different

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

39
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



options for behavior as being advantageous or disadvantageous. This process involves an

interplay between neural systems that elicit emotional/bodily states and neural systems that map

these emotional/bodily states.

4. Styles and methods of decision making

Styles and methods of decision making were elaborated by the founder of Predispositioning

Theory, Aron Katsenelinboigen. In his analysis on styles and methods Katsenelinboigen referred

to the game of chess, saying that chess does disclose various methods of operation, notably the

creation of predispositionmethods which may be applicable to other, more complex systems.

In his book Katsenelinboigen states that apart from the methods (reactive and selective) and sub-

methods (randomization, predispositioning, and programming), there are two major styles

positional and combinational. Both styles are utilized in the game of chess. According to

Katsenelinboigen, the two styles reflect two basic approaches to the uncertainty: deterministic

(combinational style) and indeterministic (positional style). Katsenelinboigens definition of the

two styles is the following.

The combinational style is characterized by

 A very narrow, clearly defined, primarily material goal, and

 A program that links the initial position with the final outcome.

In defining the combinational style in chess, Katsenelinboigen writes:

The combinational style features a clearly formulated limited objective, namely the capture of

material (the main constituent element of a chess position). The objective is implemented via a

well defined and in some cases in a unique sequence of moves aimed at reaching the set goal. As

a rule, this sequence leaves no options for the opponent. Finding a combinational objective

allows the player to focus all his energies on efficient execution, that is, the players analysis may

be limited to the pieces directly partaking in the combination. This approach is the crux of the

combination and the combinational style of play.

The positional style is distinguished by
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 A positional goal and

 A formation of semi-complete linkages between the initial step and final outcome.

Unlike the combinational player, the positional player is occupied, first and foremost, with the

elaboration of the position that will allow him to develop in the unknown future. In playing the

positional style, the player must evaluate relational and material parameters as independent

variables. The positional style gives the player the opportunity to develop a position until it

becomes pregnant with a combination. However, the combination is not the final goal of the

positional playerit helps him to achieve the desirable, keeping in mind a predisposition for the

future development. The Pyrrhic victory is the best example of ones inability to think

positionally. The positional style serves to

 create a predisposition to the future development of the position

 induce the environment in a certain way

 absorb an unexpected outcome in ones favor

 avoid the negative aspects of unexpected outcomes

The positional style gives the player the opportunity to develop a position until it becomes

pregnant with a combination. Katsenelinboigen writes:

As the game progressed and defense became more sophisticated the combinational style of play

declined. The positional style of chess does not eliminate the combinational one with its attempt

to see the entire program of action in advance. The positional style merely prepares the

transformation to a combination when the latter becomes feasible.

Topic Objective:

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

 learn the concept of optimum design

 understand the Optimality criteria
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Definition/Overview:

In the design of experiments, optimum designs are experimental designs that are generated based

on a particular optimality criterion and are generally 'optimum' only for a specified statistical

model. As a result, they generally do not satisfy the desirable properties (such as independence

among the estimators) of standard classical designs (such as a factorial experiment or a fractional

factorial design).

Optimum designs are always an option regardless of the terms included in the model (for

example, first order, first order plus some interactions, full quadratic, cubic, etc.) and are

applicable for many experimental purposes such as sampling and response surface methodology.

The experimenter must specify a model for the design before the algorithm can generate the

specific treatment combinations. Given the total number of treatment runs for an experiment and

a specified model, the algorithm chooses the optimum set of design runs from a candidate set of

possible design treatment runs. This candidate set of treatment runs consists of all possible

combinations of various factor levels that one wishes to consider in the experiment. If the size of

the candidate set is too large to allow all possible designs to be searched, the algorithm generally

uses a stepping and exchanging process to select the set of treatment runs.

Key Points:

1. A-optimality

One criterion is A-optimality, which seeks to minimize the trace of the inverse of the information

matrix. This criterion results in minimizing the average variance of the estimates of the

regression coefficients.
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2. D-optimality

A popular criterion is D-optimality, which seeks to maximize |X'X|, the determinant of the

information matrix X'X of the design. This criterion results in maximizing the differential

Shannon information content of the parameter estimates.

3. E-optimality

A lesser known design is E-optimality, which maximizes the minimum eigen-value of the

information matrix.

4. G-optimality

Several designs are concerned with prediction variance. Among these, a popular criterion is G-

optimality, which seeks to minimize the maximum entry in the diagonal of the hat matrix X

(X'X)-1X'. This has the effect of minimizing the maximum variance of the predicted values.

5. I-optimality

A second criterion on prediction variance is I-optimality, which seeks to minimize the mean

squared prediction error.

6. V-optimality

A third criterion on prediction variance is V-optimality, which seeks to minimize the average

prediction variance.
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7. Drawbacks

Since the optimality criterion of most optimal designs is based on some function of the

information matrix, the 'optimality' of a given design is model dependent. That is, the

experimenter must specify a model for the design and the final number of design points desired

before the 'optimal' design' can be generated. The design generated is 'optimal' only for that

model.
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