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INTRODUCTION �

USE IN SEQUENCE: ELECTIVE COURSE 
This course is one of the New York State approved 
electives in Technology Education. It is one of several 
electives courses designed to give students a firm but 
broad exploration of the technical world in which they 
live. 

Students completing a high school sequence in Technolo
gy Education must take a total of one to three units of 
elective course work to fulfill the "elective" portion of 
their sequence requirement. This course may also be taken 
by any student as an elective. If the instructor uses this 
syllabus as a guide for instruction, students may be 

granted Regents credit for the experience. The course also 
satisfies the "SYSTEMS" requirement for high school 
Technology Education sequence. 

Several courses within Technology Education offerings can 
be offered on one half-unit or one-unit basis. Course work 
earning one half-unit must comprise a minimum of 54 
hours of instruction and course work earning one-unit 
must comprise a minimum of 108 hours of instructional 
time. 

STUDENTS WITH DISABILITIES 
The Board of Regents, through the part 100 Regulations 
of the Commissioner, the Action Plan, and The New 
Compact for Learning, has made a strong commitment to 
integrating the education of students with disabilities into 
the total school program. According to Section 100.Z(s) of 
the Regulations of the Commissioner of Education, "Each 
student with a handicapping condition as such term is 
defined in Section 200.l(ii) of this Chapter, shall have 
access to the full range of programs and services set forth 
in this Part to the extent that such programs and services 
are appropriate to such student's special educational 
needs." Districts must have policies and procedures in 
place to make sure that students with disabilities have 
equal opportunities to access diploma credits, courses, and 
requirements. 

The majority of students with disabilities have the intellec
tual potential to master the curricula content require
ments for a high school diploma. Most students who 
require special education attend regular education classes 
in conjunction with specialized instruction and/or related 
services. These students must attain the same academic 

standards as their nondisabled peers to meet graduation 
requirements, and, therefore, must receive instruction in 
the same content areas, at all grade levels. This will e d n u r e  D.44951Tj
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INTRODUCTION �

Infusing Awareness of Persons with Disabilities Through 
Curriculum 
In keeping with the concept of integration, the following 
subgoal of the Action plan was established. 

In all subject areas, revisions in the syllabi will include 

materials and activities related to generic subgoals such as 
problem solving, reasoning skills, speaking, capacity to 
search for information, the use of libraries and increasing 
student awareness of and information about the disabled. 

The purpose of this subgoal is to ensure that appropriate 
activities and materials are available to increase student 
awareness of disabilities. 

This curriculum, by design, includes information, activities, 
and materials regarding persons with disabilities. Teachers 
are encouraged to include other examples as may be 
appropriate to their classroom or the situation at hand. 

STUDENT LEADERSHIP SKILLS 
Development of leadership skills is an integral part of 
education in New York State. The New York State 
Education Department states that, "Each education agency 
should provide to every student the opportunity to partici
pate in student leadership development activities." Addi
tionally, the Department indicates that all "students 

should be provided the opportunity to participate in the 
educational activities of the student organii.ation(s) which 
most directly relate(s) to their chosen educational pro
gram." 

Leadership skills should be incorporated in the 



TEACHER AND STUDENT BACKGROUND �
COOPERATIVE LEARNING STRATEGIES �

RECOMMENDED BACKGROUND FOR TEACHERS 
OF PRINCIP~ OF ENGINEERING: 

• � College level physics and chemistry 
• � College math through precalculus �

(trigonometry) �
• � Computer literacy (capabilities and limitations 

of personal computer hardware and software) 
• � Technical Drawing; CAD 
• � Hands-on technology experience in research, 

design, and constructing models 
• � Participation in in-service program designed 

specifically to assist teachers to deliver this 
course. 

RECOMMENDED BACKGROUND FOR STUDENTS 
TAKING PRINCIP~ OF ENGINEERING: 

Sequence I Mathematics 
Sequence II Mathematics 
Two years of Regents Sciences 

Also desirable: 
Physics as pre- or corequisite 
Sequence three Mathematics as pre- or corequisite 
Technical Drawing/CAD 

COOPERATIVE LEARNING STRATEGIES 
Cooperative learning is a teaching strategy that can be 
used by teachers for all subject areas and at all grade 
levels. Because of the nature of the activities in the 
Principles of Engineering course and engineering skill 
requirements in general, the effective use of cooperative 
learning strategies becomes increasingly important. 
Students will be working in small teams to complete 
various assignments; it will be necessary for the teacher to 
have the skills necessary to structure group learning 
activities so that the groups will have the greatest chance 
of success. Along with the appropriate academic and 
technical skills, students need to develop the social skills 
necessary for engineers to work in cooperation with 
technicians, management, and other engineers. 

Personnel managers frequently state that 9 out of 10 of 
those who are fired from their jobs are fired because of 

their inability to work productively with other people. 
When companies spend time and money training engi
neers in social skills so that they effectively communicate 
with others, they are involved in educational efforts that 
would have been better provided to students earlier on. 
One of the ideas being promoted to assist the United 
States to be more competitive in the world market is 
"concurrent engineering." Concurrent engineering involves 
engineers working with other engineers. While our 
technology is arguably the best in the world, we often lack 
the ability to be able to use these technical skills to work 
together efficiently. The technology for the video recorder 
was developed in the United States, but we were not able 
to use this technology to produce a product faster, 
cheaper, or better than foreign competitors. One reason 
for this is our inability to organize our technical and 
production workforce to work cooperatively. 

As a nation, we must strengthen the development is 



COOPERATIVE LEARNING STRATEGIES �

problem, the students have a mutual goal-they must 
come to an agreement on a design. Their tasks may 
be divided within the group so that each person has 
a job to perform. When completed, they will receive 
a group reward, which in this case may be a group 
grade. By setting these different types of Positive 
Interdependence, they will realize that they will 
succeed or not succeed as a group. They need to be 
concerned that everyone works together. They realize 
that they sink or swim as a team, not as individuals. 

2. � Face to Face Interaction - No magic exists in positive 
interdependence in and of itself. Beneficial educa
tional outcomes are due to the interaction patterns 
and verbal exchanges that take tionmagic t a k e 7 5 8  T T j 
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SYLLABUS OUTLINE �

I. � SCOPE OF THE COURSE 
The modules that compose Principles of Engineering 
constitute a one year elective course at the 11th and 
12th grade level. 

II. � STATEMENT OF PURPOSE: GOAIS 
The course has been developed: 

1. � In response to national studies which suggest 
implementation of precollege courses that 
survey and stimulate interest in and access to 
careers in engineering and technology. 

2. � To explore the relationship among mathematics, 
science, technology, and engineering in an 
11th/12th year course. 

3. � As a capstone course for students which inte
grates the study of math, science, and technolo
gy. 

4. � To enhance general technological literacy. 

The goal of the course is to provide a one year 
introduction to engineering for academically able 
11th or 12th grade students. 

III. � COURSE DESCRIPTION 
The course is an integrative hands-on laboratory 
based set of case studies which will convey the 
concepts and principles, skills and techniques, and 
attitudes described in the sections on students 
outcomes. 

IV. � THE LEARNING ENVIRONMENT 
The course will be taught in a laboratory setting 
providing access to tools and materials for individual, 
small group, and large group projects. Tools will 
include hand tools for Tnvey Id04 Tc 4.9958 0 Td
(Span <</M2Td
(58 -1.303 Td
.67 0 Td
(skild0 T6Td
(hand )Tj
0.0006 0de )Tj
0.008 0 Tfonic.0029 Tc 2.7.304 Td64j
0.0204 Tc 2.537 0 3c 4.275 0 5et )Tj
0.05 simplTc -19.825 2(large /Sp)Tj
0.00h.0105 .013 0 Td0 10.5 66ls )Tj
-0.035 T 2.013 0 T0d
(tool5VIRONMENTaT 2.013 0 1
(engi1o ))Tj
0.00we97 Tc 3.39  cours.05Tj
0.05 Tc 10.57URSE Tc 1.376 aSpan <<359 Tc 554 0 Td
(stu7913 0 1
(eng39 0965.67 314.4 Tm -18.841 -155c-20.091.755 
100.01152DC 
/T1_1VIRONMENT )Tj
EMC 
45.091.755 
10ORGANIZA)Tj
-0.03 in(to )Tj
0.0006 Tc 14d
(cours-0.000)Tj
EMC 
/Span <</MCj
d
(aTc 3f 4.996(set0317 Tc 10.0021w00we07 Tc 1.532iVIRONMENT )Tj
EMC 
45.oxABUS
(stu7913 0 1
(e
0.0006 Td
(11th )TTc 9C0 97.9 Tc 1.5hic 1.376 0 TTj
0.0043g )Tj
-0.sylCj
u0006 Tc 2.399 0 9 Tc8c 2.094 0 Td
777 T97.9 Tc 1.Td
(laborat2.013 j
-0.0006 Tc -17G )2T97.9 Tc 1.organizTc 2.327 027j
0.00414Td
(acces 0 j
-0.035t )Tj
0.5 66ls )T 2.327 0 Td
(st 2.5(tools )Tj
94 Tc 3.419 0 Td
(which )Tj
-02/SpaT97.9 Tc 1.ofTj
0.0006 
(cours3d37 0 3c 50.66985 97.9 Tc 1.maj 10.57URSE0 3c 4.-.002
/S(and )Tj
0.0029 Tc .0105 .013 8Tj
0.0125 66ls ) )Tj
0 T0.275 0 5et )Tj
-Td
(small )Tj
0.0021ng a n d  -0006 
(cour012Td
(smallor )Tj
-0.TTj
0.01.4large /Spngine )T0155 Tc 2.188a a 



SYLIABUS OUTLINE �

2. � Modeling 
Use mathematical models ( e.g., charts, graphs, 
and equations), systems diagrams, and modeling 
hardware to design and build descriptive and 
functional models; explain the uses and limita
tions of physical, mathematical, and conceptual 
models; select and use simulation software to 
design, implement and test engineered systems. 
(See MST Framework) 

3. � Systems 
Describe systems in terms of inputs, processes, 
outputs, and feedback/control mechanisms; 
explain and demonstrate how systems are com
prised of interrelated subsystems; contrast open
and closed-loop systems. (See MST Framework) 

4. � Optimization 
Apply algorithmic and trial and error tech
niques in making decisions; explain consequenc
es involved in making trade-offs; consider crite
ria and constraints in real-world decision mak
ing situations; demonstrate use of cost-benefit 
and risk-benefit analyses in making decisions; 
use quantitative methods to analyze designs. 
Note: Costs include human, societal, political, 
environmental, and economic costs. (See MST 
Framework) 

5. � Technology/Society Interactions 
Explain how engineering effects our values and 
world view and effects our knowledge base; 
explain why experts sometimes disagree about a 
course of action on social issues related to 
engineering; describe the various ethical posi
tions in a controversial engineering endeavor; 
explain with specific examples, how engineering 
relates to other areas of study. 

Describe alternative approaches to the solution 
of socio-technological problems, e.g., education 
(behavior modification), legislation (rules and 
laws), technological fixes p r o b 7 7 5  0  T d 
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SYLLABUS OUTLINE �

use sources of information including communi
ty-based re.sources, subject-matter experts, 
electronic data bases, and text Select and 
pr~ materials based upon their properties, 
cost, availability, suitability, and ease of dis
posal. 

3. � Measurement 
Develop and refine skills in using various mea
suring devices to measure distance, area, vol
ume, time, force, mass, velocity, and accelera
tion; calibrate measuring devices against known 
standards. 

4. � Applying Mathematics and Science 
Develop and refine skills in mathematical prob
lem solving, reasoning, communication, 



SYLLABUS OUTLINE 
CONCEPTS 

Optimization: �
Explain the relationships among cost, speed, and �
strength. �

Technology-Society Interactions: 
Explain the effect of the automatic transmission on 
society. 

Engineering Ethics: 
Discuss the responsibility of auto manufacturers 
regarding the problem of transmission systems which 
"jump• from park to reverse when the car is parked 
with the engine running. 

It is not necessary that each box in the matrix have 
an activity associated with it. By using the matrix the 
authors are able to ensure that each of the concepts 
is treated adequately enoug(each )Tjbox 



ENGINEERING DESIGN �

ENGINEERING DESIGN 
Engineering design is the process used by engineers to 
generate products, processes, and systems based on 



ENGINEERING DESIGN 
ENGINEERING DESIGN: INTRODUCTORY ACTIVITIES 

the solutions have been generated, these solutions 
should be documented in an outline. In completing 
this outline, the student should research all available 
data and illustrative material. 

4. � Selection of a Solution 
With the generation of possible solutions, generally 
an optimal solution must be selected and developed 
within an allotted time. The solution must be built 
using a modeling system with an explanation of the 
pros and cons of the design. 

5. � Implementation or Realization 
The components (parts, structures, equipment, etc.) 
required for the construction are obtained to com
plete the construction of a prototype of the chosen 
design. 

6. � Evaluation and Testing 
This is the final proof of a successful design. The 
prototype or model is tested for viability and quality. 
If the prototype fails the test, it may be necessary to 
make modifications and retest. 

A written, critical, evaluation should be made of the 
design, with suggestions for modifications, if neces
sary. If the project was not completely successfully, 
an analysis should be made as to why and suggestions 
offered to overcome or remedy the problem. 

7. � Presentation 
This is the crucial stage in the design process, in 
that, it involves the communication of the design to 
others. At this point, your idea is sold in a written, 
oral, and/or graphical format. 

A CONCEPT MAP for showing the connections between 
the various components of the Design Process is shown 
on the next page. 

ENGINEERING DESIGN: 
INTRODUCTORY ACTMTIES 
SIX FACTORS RELATED TO GOOD DESIGN 
1. � Aesthetics - is the appearance of an object. It has to 

do with its form, scale, color, texture, and shape. RELATED 

Aesthetics -
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ENGINEERING DESIGN: INTRODUCTORY ACTIVITIES �

CONCEPT MRP FOR DESIGN PROCESS �





ENGINEERING DESIGN: INTRODUCTORY ACTIVITIES �

CHECKING FOR ERRORS 
To find out how the check digit is used, add up the nine 
decimal numbers of the ZIP code and compare the sum to 
the check digit. Your next challenge is to figure out the 
rule that is used by the scanning machine to check for 
errors. 

Hypothesis for rule is: ____________ 

Use data from a number of cards to check if your hypoth
esis is right. 

Next, inspect the binary codes for the 10 decimal numbers. 
See if you determine a common property of all 10 codes. 
How can this common property provide a second method 
to check for errors during scanning of the code? 

Both methods of error detection are possible because we 
are providing the machine with more information than is 
needed to code the ZIP code. For example, the check digit 
is an extra number. What about the binary code? Are five 
binary digits (bits) needed? Can we code 10 decimal 
numbers with less number of bits? Information scientists 
use the term redundancy to describe the use of the extra 
information used in bar code systems. For example, the 
UPC (Universal Product Code) system used by supermar
kets uses even more redundancy (seven bits used, used to 
represent each decimal numbers). 

What is the minimum number of bits needed to code 10 
decimal numbers? _____ 

Why? __________________ 

13 �





ENGINEERING DESIGN: INTRODUCTORY ACTIVITIES �

ACTM1Y 1WO: Example or Design Process 
There is a need to protect and store Compact Disks. 

1. � Brainstorm designs for a device which will house a 
CD. It must protect it from breaking, being 
scratched, and gathering dust. It must also be eco
nomical to manufacture. 

2. � Identify the products currently on the market and 
those that have failed or were discontinued due to 
problems or cost. 

3. � List as many new ideas as possible to achieve the 
task. 

4. � Choose the best solution after examining the six 
factors in a good design. 

5. � Sketch some models of the storage unit. 

6. � If time permits, make a prototypical model of the 
case. 

7. � Evaluate your design against the criteria set out in 
the design brief. Indicate how the 7th. 

your 





CONCEPT MRP FOR MODELING �

0JJ QJ ID) £ L § 
can be ....,_________ 

.-----------.,••• can be 
I!· Cff!N!rt·11 II V)ff\'Jll\ II 

such as such assuch as such as such as 

GRAPHIC DISPLAYS I !MATH MODELS! !~IMULA I IUN~j 1PROTOTYPES 
> < 

can be can be 

COMPUTER-BASED! IPRINT-BASED 
can also be 

can be can be 
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can be WORKING REPLICAS 

such as
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EQUATIONS 
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SYSTEMS �

SYSTEMS 
A system is a means of achieving a desired result. It has 
input, a process, p u t  u t ,  a  n da f e e d b c k g .r T h e r n p u t ,p t o a system 
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SYSTEMS: INTRODUCTORY ACTIVITIES 

Rciut C.>0ked for P~e)e-t 
Set Time and Time at Preset T em{X'rature 
Temperature 

""-."' COOKISG ,,,, 

An example of an open-loop control system is the cooking 
of a roast in an oven with a timer. We place the roast in 
the oven, set the cooking time. It is cooked for the preset 
time. Then remove the roast. The input to the control 
system is the time setting. The controller is the timer. It 
determines when the oven is to turn on and off by 
controlling the electricity to the heating elements. In this 
example cooking is the process and the actual cooking 
time for the roast is the output. 

In a technological system the output may be controlled 
automatically by the use of feedback. Feedback is the 
action of measuring the difference between the actual 
result and the desired result. This is accomplished by the 
sensors. These sensors monitor the actual output of the 
system which is compared to the desired output. If the 
two are different, the controller will adjust the system to 
keep the actual output very close to the desired output. 
Systems that utilize feedback are called closed-loop 
control systems. 

In the earlier example of cooking a roast, we can convert 
the open-loop system into a closed-loop control system by 
the introduction of feedback through the use of a meat 
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QulZMASTER (A) RAISES HAND TO READ QUESTION, DROPPING SHOVELFUL OJ: O<X:r 
015CUITS (9) INTO MOUTH OF ~CLINING DOG (CJ - 006 C-OES TO SU:EP FROM 
CM:REATING AND HEAVY BREATHING PLAYS ~CE MUSIC ON ACCORDIAN (0)
WALTZING MICE (IE) REVOLVE VIUENfiY, CAUSING MECHANICAL BARBER (F) TO CUT 
STRING, ~OPPING IROII 6AlL (e) ON CONTESTANT (H), RENDERING HIM UNAf3lE TO 
ANSWER QUESTION, Tl1U5 KEEPING PROGRAM FREE FR~ CORRUPTION. 

Rube Goldberg™ property of Rube Goldberg Inc. 
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TEACHER'S GUIDE TO SYSTEMS ACTMTIF.S 

ACTMTY OVERVIEW: 
Understanding Complicated Systems 
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ACTM'IY ONE: Understanding Complicated Systems Use the diagram to help 
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ACTM'IY1WO 
Each group needs to solve the following Rube Goldberg™ 
-type problem. How can one wake up a high school-age 
student in the morning? Draw your ideas on a large size 
paper, use color to display your work. Each student in the 
group should contribute and draw his or her ideas. 

For Student's Use. 

The problem can start anywhere but it must terminate 
with waking a student. Once complete, the group will 
present its design to the remainder of the class. The other 
class members must try to interpret your ideas in their 
order of occurrence. It is recommended that each idea be 
labeled in the sequence it transpires. 

ACTM'IY THREE 
Go back to your groups and change your Rube Identify the feedback element(s) and discuss this design's �
Goldberg™-type cartoon project from an open-loop to a superiority over the original drawing. Present the revised �
closed-loop system. Include at least one redundant system to the class. �
subsystem. �

For Student's Use. 
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OPTIMIZATION �

OPTIMIZATION is a key element in the decision-making 
process. It involves finding the best among all possible 
solutions-the solution requiring the fewest trade-offs. The 
optimization process contains three major elements: 

Model: The most important aspect of modeling is the 
mathematical or quantitative description of the 
problem. 

Criteria: The criteria are the goals or objectives of 
the decision-making problem. 

Constraints: Constraints are is4a934process 



OPTIMIZATION 
OPTIMIZATION: INTRODUCTORY ACTMTIES 

performance or quality in one area often results in the 
decrease of performance or quality levels in other areas. 
For example, an automobile engine developed for racing 
at high speeds will lose quality and reliability and use in 
slow speed driving, such as encountered in city traffic. To 
resolve problems, compromises must be made. Engineers 
cannot determine these compromises until an interactive 
modeling process is developed and values given to the 
various design requirements. The modeling process and 
the resulting choices of values or ranges of values for the 
design requirements variables is referred to as trade-off 
analysis. 

OPTIMIZATION: INTRODUCTORY ACTMTIES 
ACTM1YONE 

INTRODUCTION: 
Most design problems we face have no definitive answer. 
Most solutions are a series of compromises which in tum 
allow the product to function well. An engineer must 
assess all the parts of a problem and optimize each before 
the job is resolved. 

This assignment will involve the use of materials as well 
as a simple mathematical algorithm. The procedure for 
developing a maximum area will be expanded to a prob
lem involving the study of volume. 

PROBLEM ONE 
A chicken farmer has a hundred feet of fencing in his 
barn. He would like to designate a fenced-in area for his 
chickens. The farmer decides to limit his design to one of 
three simple geometric shapes: round, square, and triangu
lar. What is the maximized (optimum) area that may be 
obtained by each shape? Use several methods to obtain 
a solution. For example, use the string, (to represent the 
fence) and graph paper to visualize the optimum area 
possible with each shape; or, calculate the optimum area 
of each using the following equations: 

Area of a Square = Side2 

Area of a Circle = 1tr2 
Area of a Triangle = 1/2 Base x HeiSTd
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OYfIMIZATION: INTRODUCTORY ACTMTIES 

PROCEDURE 
A � The instructor will explain that the ordinary gas en

gine has been outlawed because it cannot meet air 
pollution requirements and an optimal solutions 
must be found from three potential engine designs: 
the gas turbine, the elective motor and the steam 
engine. The class and instructors will enter these 
designs 
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TECHNOLOGY-SOCIE1Y INTERACTION: INTRODUCTORY ACTIVITIES 

TECHNOWGY-SOCIEIY INTERACTION concept can 
best be explained by separating it into two parts: Technol
ogy Assessment, and Decisions Based upon the Assess
ment 

1. � Technology Assessment 
Technology assessment is a system for determining 
potential future interactions which might result from 
the introduction which5] /Type /Pagin5 T0 Td
(system )hon 
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ACTIVTIY ONE 
In 1956, Gordon Damby and 
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require that by the year 2005, 50 percent of all cars in 
New 



TECHNOLOGY-SOCIE'IY INTERACTION : INTRODUCTORY ACTIVITIES �

business in the shopping district or mall, and ramps at quirements for young adults. If the plan is enacted, a 
every spot where a sidewalk meets a road. potential licensee will need to: (1) be a least 16 years-old 

and posses a valid high school diploma, or (2) be at least 
D. � Your State Department of Motor Vehicles is consid 21 years-old. 

ering changing the minimum driving standard re

33 �





ETHICS IN ENGINEERING �

Boisjoly, were engineers who worked for Morton-Thiokol. 
They questioned the 0-ring seals on the Challenger rocket 
booster before the disaster. Both men were demoted by 
the employer. 

Another instance of whistle-blowing occurred in 1972, in 
San Francisco. Three engineers, Holger Hjortsvang, Max 
Blankenzee, and Robert Bruder, expressed concerns about 
the the u7112yer. 





ETHICS IN ENGINEERING: INTRODUCTORY ACTIVITIES �

action will be very costly. Doe verbally advises the XYZ 
Corporation of his findings. Subsequently, the corporation 
terminates the contract with Doe with full payment for 
services performed, and instructs Doe not to 



ETHICS IN ENGINEERING: INTRODUCTORY ACTMTIES �

wait six months so that no one would be suspicious. 

What would you do if you were the government engineer? 

(From D. Allan Ftrmange, Modem Engineering Practice. New York: 
Garland STPM Press, 1980. pp. 64-65.) 

ACTM'IY FOUR: "Gifts to Foreign F o R i c h a rs o R o  
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DESIGNING AUTOS FOR SAFETY 
Analysis of data regarding the causes of accidents and the 
injuries and 



ABSTRACTS OF CASE STUDIES �

hydraulics, and robotics. Schools, for this vital reason, 
should be providing students with an introduction to the 
fundamentals of these evolving technologies in an intense
ly practical way, through hands-on experiences and 
problem-solving applications. 

How these technologies work and how they can be applied 
are the thrusts of this case study on machine automation. 
The emphasis is on gaining an understanding, in a 





ABSTRACTS OF CASE STUDIES 


unconscious and, when he awoke, his physician informed Your team's task is to design and develop prototype 
him that the accident had affected his eyesight and the full systems to help Tommy get around more effectively 
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USING ENGINEERING CASE STUDIES TO INTEGRATE �
THE 
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the quality of life as well as (b) to maintain an awareness 
of future learning which must be acquired as these issues 
evolve based on new science and technology. The recom
mendations of the committee will represent the essential 
elements necessary for achieving literacy in mathematics, 
science, and technology and to encourage students with 
interest and capabilities to pursue careers which require 
advance knowledge in these areas. 

Major elements in the educational process are curriculum 
content, classroom teaching, and student learning. Today's 
educational paradigm places greatest emphasis on curricu
lum content and classroom teaching. The new paradigm 
which we must address focuses on student learning. This 
new paradigm for student learning of mathematics, 
science, and technology should be based on integrated 
learning standards. 

MST LEARNING STANDARDS 
If this new paradigm for mathematics, science, and tech
nology learning is to become a reality, fundamental 
systemic changes must be made in our educational institu
tions. These systemic changes require major shifts in the 
way teachers, administrators, parents and the public at 
large think about and support education. A major change 
in beliefs and ways in doing things is required. The 
implementation of change will require that teachers and 
administrators work together as a team to develop new 
mind sets as well as the curricula to support these direc
tions. This will require more inservice learning of existing 
staffs in both process and content areas. The change will 
require fundamental changes in teacher education at the 
university level as well. These activities will also, undoubt
edly, require additional financial support as well as the 
personal commitment of time. 

The committee had as its objective the identification and 
description of skills, knowledge and values in mathematics, 
science, and technology needed by all citizens to sustain 
and enhance themselves and their nation in a increasingly 
complex technological society. These are grouped in what 
are called learning skills, 3 Tm.ity s9 s5e a387 Tj
-0.0004 Tc 1.8820 0 10.lea5nological an1



APPENDIX A 
USING ENGINEERING CASE STUDIES IN MST 

Standard 5: Technology 
Students will acquire the knowledge and skills related to 
the tools, materials, and processes of technology to create 
products, services, and environments in the context of 
human endeavors such as bio-related technologies (agri
culture, health), manufacturing, construction (shelter and 
other structures), transportation, and communication. 

Standard 6: Mathematics 
Students will understand and use basic mathematics ideas, 
including logic, number sense and numeration concepts, 
operations on numbers, geometry, measurement, probabil
ity, and statistics, algebra, and trigonometry; and be 
familiar with their uses and application in the real world 
through problem solving, experimentation, validation, and 
other activities. 

Standard 7: Connecting Themes 
Students will understand the relationships among mathe
matics, science, and technology, identify common themes 
connecting them, and apply these themes to other areas of 
learning and performance. 

Standard 8: Interdisciplinary Problem Solving 
Students will apply the knowledge and thinking skills of 
mathematics, science, and technology to address real-life 
problems and make informed decisions. 

Standard 9: Preparation for the Future 
Students will develop habits of mind and social and 
career-related skills in mathematics, science and technolo
gy education classes that will enable them to work produc
tively with others, achi049G90ematics, 354, s837(and )Tj
0j
0.05 T5 35e2o49G90ematic73 300.Tc 9.9005 094 se7 -dnterdiscipl31 .964-18 sk81ke l e a r n i n g  lea304ng decisions. 504035 Tc 9520050691265 ( 171.DESIGN.73 T )Tj108035 Tc 95289.8491265 ( 171.CRITERIA.73 T )Tj02035 Tc 952 4023491265 ( 171.FOR.73 T )T3736035 Tc 952 64.
0.1265 ( 171.POE.73 T )T3T1_235 Tc 952 89.0.01265 ( 171.CURRICULUMd
(decisions. )Tj
EMC12/P <</MCID 10 >>BDC 
/T0ers, Tj
0.0415 Tc005052 65T37 171.L 395.29 Tm
(lea36lop )Tj5 T5 35e2oon.381 Td
(ti32ke )Tj50.0327 Tcbe7 m6 0 Td
(cl25lem )Tj40.0277 Tcmea5.29fu.29 Tm
(social )Tj
0.05 Tc 10.0109 0  65T37 171.8 273.61 Tm40and )Tj
0.0336 Tc 9.90.0 65T37 171.i1t08est.29 Tm
(lea292ng )19.9 35 Tc 90 0 9.15c 65T37 171.i 287.29 T44and 
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provide opportunities for Engagement, Exploration, 
Explanation, Elaboration and Evaluation. A modern 
learner-center instructional system can be designed using 
the five "Cs" of educational reform and the five "Es" of the 
constructivist approach to learning. The most compelling 
reason for using these design criteria is that the resulting 
learning environments will promote lifelong learning. 

In the past six years, the author of this paper has been 

collaborating with a group of colleagues in New York 
State in the design of a high school course, "Principles of 
Engineering," which used these design criteria (five Cs and 
five Es). These design criteria guided the development of 
the learner-centered "Principles of Engineering" course 
that is centered around six major conceptual areas. Real
world case studies are used to help students learn how the 
engineering concepts are applied to the study of real 
problems and systems. 

46 �
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TECHNOLOGICAL LITERACY: MST INTEGRATION 

Professor Thomas T. Liao* �
Department of Technology and Society �

College of Engineering and Applied Sciences �
State University of New York at Stony Brook �

Technological literacy refers to the understanding of 
modem technology, its capabilities and limitations, 
underlying concepts, and societal impacts. Technological 
literacy spans the range from how specific devices or 
machines work to the understanding of the more complex 
systems for satisfying human needs and wants. Further
more, technological literacy includes not only the applica
tion of scientific 
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systems model can be used to clarify the operation and 
behavior of technological systems. Technological systems 
are designed and developed with engineering concepts and 
apply concepts from other disciplines. Technological 
systems result from engineering design and development. 
Engineers use mathematical and scientific concepts in 
their work. Thus, understanding of the behavior of 
technological systems requires study of how scientific and 
mathematical concepts are applied. But other concepts 
underlying modern technological systems are unique to 
engineering. For example, the control of systems via 
feedback is the basic concept of automation. Other 
concepts relate to ergonomics (human factors engineering) 
and aspects of decision making (criteria, constraints, 
modeling, and optimization). 

APPLIED MATHEMATICS AND SCIENCE 
The application of mathematical and science concepts and 
techniques to the analysis of socio-technological problems 
and issues makes the study of abstract concepts more 
concrete and meaningful. Many educators, such Td
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studying the environmental, social, political, economic and 
other consequences of developing and using futuristic 
technologies. 

TOWARD NEW TECHNOLOGY EDUCATION 
STANDARDS 
At the kickoff meeting of the National Commission for 
the "Technology for All Americans" project, held on 
January 19-22, 
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conflict with each other. The architect's, the customer's, 
and the builder's understanding of the problem depends 
upon the solutions which are proposed and the way the 
building is to be manufactured. There is a range of 
possible solutions, but no unique solution. 

Any problem having the characteristics given in the 
preceding paragraph is called "ill-defined• or"ill-posed." 
As the example suggests, these terms describe the essen
tial nature of design problems. 

SOLUTION PROCESS 
Ill-posed problems are the norm in architectural design, 
as they are in engineering design and other creative 
activities. For example, the writing process and the 
engineering design process are identical. The charac
teristics of ill-defined problems, whether they are mani
fested by a writing "design" task or an engineering design 
task, are the same. Therefore, the process used to "solve" 
them is the same. The engineer first clarifies the problem 
statement, then . creates and chooses between alternate 
solution concepts, synthesizes diverse areas of knowledge, 
moves recursively between stages in the solution as 
revision requires, and finally, produces a document that 
clearly expresses the idea. But, this also describes the 
writing process. 

More 
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Summary Two: Toe background information for this 
problem is the material on Bernoulli's equation in 
Chapter 6. Information about firehoses and ladders can 
be found by talking to the local fire department. Atmo
spheric pressure records are sometimes kept at nearby 
airports if a weather station or Federal Aviation Agency 
flight service station is located there. However, if no 
records are available, the variation in atmospheric pres
sure from the standard value of about 101 kPa will have 
a small affect on the flow from the hose. Toe student 
should be guided into at least a qualitative estimate of the 
error in his calculations. For example, what affect will 
aerodynamic drag on the water stream have on the 
estimate of the height the stream can reach? 

Problem Three: A ballistic pendulum is a device for 
measuring the speed of a bullet. Toe bullet is fired into 
the pendulum bob which then holds it but swings up a 
distance that depends on the velocity of the bullet. A 
marksman who likes to load and teple.961 0 h58 Tc 4.757 0 Td
0 189.1 42433ua4aB425.98 478.3 32 Td1at olduring 

of5 4epe360 h58design 0 Td
(A )Tj0 76332 Tc 0.721 0 233 
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derived between the characters are analogs to the relation
ships derived between 
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to the teacher. So an unequal workload may lead to 
complaints, and the instructor may have to interview team 
members in order to apply pressure to adjust the balance. 

Allowing the students in a design group to grade each 
other on teamwork can also help. Each group member 
assigns a fractional grade between rero and one to the 
other members. A grade of one means that the student 
being evaluated did her or his proportionate share of the 
work-l/3 of it in a three-person team, VS in a five-person 
team and so on. A grade of rero means no participation. 
The instructor averages the teamwork grades for each 
member and multiplies the team's project grade times the 
average teamwork grade. This product becomes the 
project grade for each individual. 

Skills in Computer programming, CAD, word processing, 
and fabrication may be non-uniformly distributed over the 
class. So when forming design teams it is prudent to make 
sure that each group includes at least one person skilled 
in one of these areas. 

Tools 
The bibliographies of the case studies in Department 
(1992) should be consulted for helpful materials and 
methods. For example, the "Structures Case Study" by 
Rock gives several references by and about Mario 
Salvadori (mentioned above). 

Texts for teaching design abound. Cross (1989) is a 
bandy-sized text for an introductory course and would be 
satisfactory in a high school class. Walton (1991) is an 
example of a more advanced text. The advantage of a text 
is that it contains instructions for the design process: how 
to write specifications, techniques for stimulating the 
creation of design concepts, techniques for evaluating and 
selecting concepts, case studies, methods of making 
engineering drawings, etc. The disadvantage of a text is 
that it may tempt the instructor to approach teaching 
design by lecturing and giving tests, which is relatively 
easy, rather than by experience, which requires more time 
and energy. Design cannot be effectively taught by lectur
ing. The best use of a design text is as a part of the 
reference material available 
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college-level engineering education should be. Committee 
(1991) is a similar study. Both documents make specific 
recommendations. Pittel (1992) tells of design programs at 
the secondary school level, and even before it Familiariza
tion with such thinking 
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