DOCUMENT RESUME
ED 291 942 CE 049 794
TITLE Industrial Arts/Technology Educatien. A Guide for

Developing Contemporary Industrial Arts/Technology
Education Curricula.

INSTITUTION North Carolina State Dept. of Public Instruction,
Raleigh. D’v. of Vocational Education.

PUB DATE 87

NOTE 360p.; For related documents, see CF 049 780-783.

PUB TYPE Guides - Classroom Use - Guides (For Teachers) (052)

EDRS PRICE MF01/PCl5 Plus Postage.

DESCRIPTORS Building Trades; Classroom Technigues;

Communications; Construction (Process); Core
Curriculum; *Course Content; *Curriculum Development;
Educational Improvement; High Schools; *Industrial
Arts; Integrated Curricvlum; Manufacturing; Models;
Program Development; Teaching Methods; *Technical
Education; *Technology; Transportation; Vocational
Education

ABSTRACT

Based on the philosophical statements and directions
developed by the Jackson's Mill Project (Charleston, West Virginia,
1981) this operational guide was developed to provide local or state
curriculum designers with methods of implemertation. Content and
suggested activities for various technology-related courses are
provided, along with models for implementing the courses in small,
medium, and large schools. The 10 sections of the guile cover the
following topics: a rationale and mission for industrial
arts/technology education; structuring industrial arts/technology
education programs; structuring courses; iuatroductory foundation
course structure; manufacturing course structures; communication
course structures; construction course structures; transportation
course structures; synthesis course structures; and initiating and
implementing new and improved programs. The course structures
sections list course title, description, and objectives; grade level;
and content with representative activities and time allocations.
Appendixes to the guide include content-area taxonc.aies, a base for
curriculum derivation, and a model of the human productive activity
cycle. (KC)

Kkkdkdthkdkdkhkhkdhkhkhkkkhkhkkkkkhkhkhkhkkkhkkhkhkhkhkhkhkhkdkdkdkhkhkhkhkhkhkhkhkhkhkhkkhkdkdkhkhkdkdkhkhkhkhkhkkhkhkkkkkk

* Reproductions supplied by EDRS are the best that can be made *

* from the original document. *
khkkkhkkhkhkhkhkkkhkdkhkdkhkhkhkhkhkhkhkdhhhhkhkhhhhhhhhhhhkhhhhkhkhkhhkhkhhhhhhkhkhhkhkkhkhkhkkkhkhkhkkkk




Activities and procedures within the DBivision
of Vocational Education are governed by the
philosophy of simple fairness to all. There-
fore, the policy of the Division is that all
operations will be performed wichout regard
to race, sex, color, national origin, or
handicap.
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PREFACE

There is a growing mcsement throughout the nation on the part of
educators to strive for excellence in teaching youth about industry and
techaology. Several new curriculum ventires, such as The Standards for
Industrial Arts, the Jackson's Mill Industrial Arts Curriculum Theory, and
the Symposium Series on Technology Educa:ion, have served as valuable
resources for program development. However, none of these were designed to
provide the curriculum planner with an operational level guide. This
project, funded by the Technical Foundation of America, was an attempt to
synthesize the ideas from thase and other amaterials, and to provide the
local or state curriculum designer with an implementation guide.

The project participants agreed to accept the basic philosophical

‘ statenents and directions developed by the Jackson's Mill Project (Appendix
A). Also, the definitions of basic terms developed by the Jacksou's Mill
participants were judged to be appropriate for the project. These
definitions vwere:

Technology Education is a comp-ehensive educational program concerned
with technology--its evolution, utilization, and significance; with
industry--its organization, person.zl, systems, techniques, resources,
and products; and the social/cultural impact of technology and industry.

Technology is considered as the knowledge and study of human endeavors
in creating and using tools, techniques, resources, and systems to

mansge the man-made and natural senvironments for the purposes of
extending human potential and the reiationship of these to individuals,
society, and the civilization.




Industry 435 conmsidered chat part of the societal economic imstitution
that uses resources to produce goods, services, and information to mest
the needs and wants of individuals and society.

Finally, an emphasis on the iaputs, processes, ocutputs, and sgocietal
context of the four major huzan productive activities——communicstion,
construction, wmanufacturing, transportation--was accoptodn as the proper
thrust for contemporary industrial arts/technology education.

With these assumptions, the participants of the Industry and Technology
Education Project undertook the task of developing:

1. taxonomies for each coatent area (Appendix C)

2. program structures for varicus sized schools, and

3. basic outlines for each course in each suggested program.
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INDUSTRIAL ARTS/TECHNOLOGY EDUCATION
A Rationale and Mission Statement

The world has changed more in the past two hundred years than it has
throughout all previous history. The rate of change is continuing ut an
evar-accelerating pace and is of an increasing magnitude,

Technology has done more to change the way we live than all other
forces. Much of this technology is organized as a productive unit called
industry. While science has made enormous contributions by providing us
vith “truth” or whet is," technology has made its impact by providing us
vith "know how" or & knowledge of efficient and appropriate action. While
technology is as old as the earliest artifacts that have left their
historic trail, it haes been moving shead with prodigious and startling
advances. Today science and technology are moving ahead in a parallel
path. Each feeds the other and enables more advances as problems of our
era are¢ creatively solved.

Prior to the industrial revolution our level of techrology was simple,
yet useful for its time. People during this agrarian and cottage industry
era were atle to observe the technology around them on a first-hand basis.
This personal observation was possible because the cooper, iron worker,
seddlemaker, and wheelwright often worked in the open and people were able '
to interact with them. The industrial revolution svbdivided the production
of products into specialized tasks and isolated the worker from public
view. The factory, the office, and the construction site separated
productive activity from the public and, therefore, new technical
developments became "mysterious."

We are rapidly moving from vhat is often referred to gs a time of "old

industry" (typified by people working at agsenbly lines in factories) to an
information age. Dominant in the "new industry" are the technological
developmwents of computers, lasers, robots, computer-aided design and




computer-aided manufacture (CAD/CAM), new muterials, new processes, nevw

techniques and communication systems. A new emphasis is being placed on
productivity, efficiency, conservation, and quality as compared to the past
quest for quantity.

As techrological development continues at an accelerating rate, it
will become increasingly difficult for pecople to understand these changes.
Something must be done to prevent us from becoming a technologicelly
illiterate muation. It is absolut=ly necessary for all people to
understand technology if they are to furction as citizens in their roles
of voters, workers, employers, and femily members. A concentrated effort
is essentisl to educate the citizens of our nation to better understand
technology and its impact,

Therefore, THE MISSION OF EDUCATORS IN OUR PROFESSION IS TO INCREASCE
EACH PERSON'S ABILITY TO COMPREHEND AND APILY THE CONCEPTS OF INDUSTRIAL
ARTS/TECHNOLOGY EDUCATION SYSTEMS.

The study of technology should result in peopia who (1) adjust to the
changing environment, (2) deal with forces that influence the future, and
(3) eagerly participate in controlling their own destiny.

Techno.ogy education will produce individuels who can participate and
adapt to a dynamic technological society. Consistent with their abilities,
interests, and needs, learners will:

1. appreciate the evolution of technology;

2. establlish values on the impact of technology and how it alters our

enviromnment;

3. develop knowledge and ability to properly use the tools,

techniques, and resources of technological systems;

4. develop creative solutions to present end future societal problems

using technical means;

5. develop human potentials for responsible work, leisure, and

citizenship roles ia a technological society.

11
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STRUCTURING TECHNOLOGY EDUCATION PROGRAMS

The Industry and Technology Education Proje~t participants accepted
the Jackson's Mill Project philosophy as contained in Appendix A and
developed content structures and taxonomies for the four technological
systems (communication, construction, manufacturing, and transportation).
Using this work as a basis, program structures were developed using the
following assumptions:

1. All students need a basic foundation of knowledge and experience
about technology and its societal context.

2, The foundation must include broad introductory experiences which
present the interface among research and development, technological
systems, service, use, and personal-corporate management
interaction. (See Appendix B,)

3. The program must include specific experiences in each of four
technological systems--communication, construction, manufacturing,
and transportation.

4. The experiences in the technological systems should include both
the productive and the management activitizs of the syscem.

5. the technological systems are best understood if examples are
provided of the design of the product or system and the productive
activity withia the systems.

6. The enrollment of the industrial arts/technology education program
will determine the number and variety of courses that can be
offered.

7. Synthesis courses in research and development and in enterprise
should be included in the program of any school.

8. Prerequisites should be minimized to encourage flexibility in
student enrollment,

9. All courses skould use practical laboratory activities to enhance

fundamencal conceptual development.
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10. Experiences abocut the technological systems should be integrated
into *'e alementery school curriculum.

Using chese assumptions as guidelines, & series of three model program
structures sre developed to accommodate industrial arts/technology
sducation programs of difference sizes. The following charts present these

prcgram structures., Each program structure has five common elements:

1. Integrated Technology
These are &8 saries of locally developed units which
integrate concepts about industry and technology into the
existing elementary school curriculum. The taxonomies in
appendix C provide conteat for these units.
2. Introduction to Technology Systems
The first formal course offerings in technology education.
Two courses~-Exploring Technology, Contemporary Technology--
provide a comprehensive intrcduction of technology in all four
technolegical adaptative systems (communications, construction,
manufacturing, transportation). The 1introduction allows
consideration of the development of technology from the
development of technology from past, present and future
perspective.,
3. Communication Systems; Construction Systems; Manufacturing
Systems; Transportation Systems
Four courses which provide separate introduciions to each of
the four industrial and technologicel systems.
4, Industrial Enterprise
A synthesis course whicn emphasizes the managed system
required to manufacture a product, comstruct a structure,

communicate & message, or transport people or goods.




5. Research and Development
A synthesis course designed for individuals or groups to

pursue mnew knowledge or project solutions for a technological
problems.,

Note: These common courses could constitute an adequate industrial
arts/technology education program for a school with limited enrollment. }

Schools with large enrollments can add more specialized courses in
each of the technological systems. These courses are show as Level IV in
the charts that follow this discussion.

The charts are listed for (1) small, (2) medium, and (3) large
programs. For this project these three sizes of programs were defined as

follows:

Small Program

‘ Typically, this program would have one or two technology
education teacher(s) and an industrial arts/technology education enrollment

under 160 students at any one time.

Medium Program

Typically, this size program would have two or three technology
education teachers and an industrial arts/technology arts enrollment
between 16C and 300 students at any one time.

Typically, large programs would have at least four industrial

arts/technology education teachers and over 320 students enrolled at any

one time.

l
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LARGE PROGRAM MODEL
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STRUCTURING THE COURSES

The structuring of programs is only part, of the task of arresnging
content for delivery. The identified courses must be developed. Their
content must be selected from the taxonomies. Activities which are
interesting and meaningful must be selected. Then, the courses must be
divided into units to insure that a balanced emphasis on the several
concepts is being maintained.

The following structures for all the courses 1listed in the three
school-size program models contain the three elements listed above. If any
of the courses are to be offered for & different length of vime, care must

be excrcised to maintain the balance between units.
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COURSE TITLE ]

"Exploring Technology" (8108) 18 weeks/36 weeks
Grade 7

(Level II -- All Schools) _ﬂJ

COURSE DESCRIPTION

This course is a study of the evolution of technological development from
past to present and its impact on the social/cultural environment. Utilizing
laboratory tools and a variety of materials, students will design, construct,
and demonstrate models of technological inventions or events having major ‘
impact on man and his environment. Further, students will identify
scientific and mathematical principles used in the invention and describe
its function in modern society. Individual &nd small group activities will
provide the forum for the integration of the basic communications skills of
research, oral, and written reporting. Models selected from the
technological systems of communications, constructio., manufacturing, and

transportation will provide students with an awareness of their own interests

end abilities, thus beginning the process of isolating possible career
Joptions. 1

COURSE OBJECTIVES: ]

At the completion of this course, the student will be able to:

1. Understand the development of tools, materials and processes into
systems «f Technology as they apply to Communication, Construction
Manufacturing and Transportation.

2. Understand and apply the research and development process.

3. Understand and appreciate the relationship between cechnology and
the individual's quality of 1life.

4. Undezstand the role of competent and responsible technologically
literate people as they carry out their daily functions as an
informed consumer, user and citizen.

L SN M —
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COURSE TITLE

"Contemporary Technology" (8118) 18 weeks/30 weeks
Crade 8

(Level II -- All Schools)

COURSE DESCRIPTION

This course develops and understanding of the current concepts and principles
associated with modern industry and technology. It emphaeizes a contemporary
and future orientation in an effort to provide a relevant and meaningful
introduction to the study of industry and technology and the impact that
they have upon society. Mathematics and scientific principles that related
to student activities in the techrological systems of communications,
construction, manufacturing, and transportation are emphasized. Basic

R

communications sgkills are integrated throughout the course. Student
interests, special abilities, and potential career paths are identified in
the course. A:J
COURSE OBJECTIVES:

At the completion of this course the student will be able to:

1. Understand and use the sytems of contemporary technology as they apply
to Communication, Construction, Manufacturing and Transportation.

a, appiy the universal inputs of systems. (i.e. finances, personnel,
energy, cap“tal, etc.)

b. apply the productive processes of the identified sytems.
c. manage the "systems."

2. Understand and apply the research and development o develop a new
product or use a procedure in a new way.

3. Understand the role of competent and responsible technologically
literate people as they carry out their daily functions as an informed
consumer, user and citizen.

—
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INTRODUCTION TO MANUFACTURING

\

Mgnufacturing is a technical sdaptive system designed’

.by people to efficiently utilize resources to extract and

convert raw/recycled wmaterials into industrial standard
stock and then into industrial and consumer goods. While
there may not be one perfect manufacturing curricula, all
manufacturing curriculum that are broad based and complete
will include three central themes. These are as follows:

l. a study of materiasl processing,

2. @& study of managed production activities and

3. a study of the manufacturing enterprise.

The manufacturing course structure that follows
incorporates these themes into three general progran
organizational patterns: small, medium and large.

}rogran n}ndel first, the full
range of courses is evident. Starting at Level IV. the

Looking at the large

Manufacturing Systems course combines material processing
and management components in a general framework to provide
students with an introduction to the Manufacturing cluster.
The systems course emphasizes the developzent of a
conceptual understanding of the secondary material processes
(casting/molding, £3t-ing, separating, conditioning,
assembling and finishing) in conjunction with the nmanaged
ssquence of activities used to convert an idea into a
functional manufactured product.

The second course in the sequence is Manufacturing
Materiazls and Processes. Here students are introduced to

and provided with experiences in (1) the properties of

26




industr!al materials, (2) the production of standerd stock,
and (3) the transformetion of standard stock into finished
Proc.cts. The emphasis 1is on the development of basic
concepts common to all nrocesses as they relate to
polymeric, metallic and ceramic materials.

The two remsining courses identified in the large
program model provide greater depth 1} specific
manufacturing areas that are 4{introduced {in preceding
courses. These areas are:

1. desizning, devéloping and engineering products

to meet the needs and wants of condumers, and

2. designing and developing production systems.

Using the experience and hnoilud;c gaingd from the
Manufacturing Systems course and the Manufacturing Materials and
Processes course (as well as that from Math, Science and other
Technology Education courses), the student is provided and opportunfty
to explore in more detail specific areas of manufacturing. The course,
Designing Produsts for Manufacture, emphasizes an activity-centered
s.udy of the tasks  associated with desiga problea
ide tification and conceptualization, design rsview,
product design interpretation and specification, and product
testing. Menufacturing Production Systems ‘olphcsizea
efficient and appropriate plant layouts, process selection
and sequencing, materials handling system design, quality
con‘rol procedures, production planning and control
activities, work measuremént practices, and product
manufacture, '

Looking at the large progran structure for
Manufactvring, the sequence of courses proceeds from the
broad, general introduction at Level II to the more specific
exppriences in Level IIl1 and 1V. It 1is the intent of the
authors that all students interested in Manufacturing take
at least the Menuiacturing Systems course and the

.2’7




Manufacturing Materials and Processes course. The Product
Design course and the Production Systems course provide
opportunities for advanced study, as well as the R&D and
Enterprise courses found in the Synthesis level of the
model. Students should not be required to take all of the
Level IV courees before moving t¢ the Synthesis level. Some
students may wmove from Level III through the Materials and
Processes course, directly into the R&D and/or the
Enterprise course(s).

When comparing the large program model &nd courses to
the medium and small program models, the reader will see
where the content and activities for product design and
production systems have been condensed into one course in
the medium program model. The Materials and Processes
course remains intact across all three program models. Due
to the limitations of resources and staff in the small
program model, the Product Design and Production Systems
course has been deleted. This has been done to maintain &
sequence >f courses ranging from the General Systems courses
to the Materials and Processes course, and concluding with
the Synthesis courses, which may be general or specific in
nature.

When reviewing the program models, it is {important to
keep in mind that course content must be presented through
activity-based methodologies. The primary goal for any of
the three program models should be to provide a broad
picture of materials, ratner than develop specific
manipulative skills. This broad picture should be developed
in conjunction with the managed sequence of activities used

in the Manufacturing area to convert an idea into a product.
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COURSE TITLE
‘ianufactusing Systems' (8115) 18 weeks
(Lavel III  All school sizes) . Crades 9-10

*ALSO SEE LARGE SCHOOL (81135)

COURSE DESCRIPTION

The .gnuf.cturihg systems course proviﬁea students with a general
introduction to the material processing and management c&mponentn of a
manufacturing activity. Emphasis is placed on the development of a
conceptual understanding of (1) the six families of secondary material
processes and (2) the managed sequence of activities used to convert

a designer's ideas into & product which is produced and converted into

money in the marketplace.

COURSE OBJECTIVES:
The course is designed to provide students with the opportunity to
develop an ability to:

1. Understand the major processes used to change raw materials

into industrial goods and industrial goods into products.
2. Complete some common secondary maierial processing activities.

3. Undeistand manufacturing as it is related to the larger context

of technology, industry, and society.

4. Understand the managed activities used to design, specify,

manufacture, and market manufactured goods.

9 (
v




CONTENT

* Military goods
* Ancillery
- Scrap/wWaste
-~ Pollutants

of materials produced by primery processes
(ceramic, metalli:, polymeric--wood ard
plastic) and their properties.

REPRESENTATIVE ACTIVITES TIME
Introduction to manufacturing Students should operate - line production
- Manufacturi d {et which the teacher has developed or which has
anufacturing and society been developed by a previous class.
" . . e
Societal institutions View Society of Manufacturing Engineer's
* Impacts film “The Challenge of Manufacturing
- Manufacturing enterprises aval}able from the Modern Talking Pictures .
Service (Free) 5%
-~ Manufacturing systems
* Inputs
* Processes
- Material proceseing
- Management
* Outputs
Introduccion to material processing FILM: select a film or video tape which shows
el ¢ cess the production of industrial goods from raw
- Classes of processes materials and/or the production of products
* Primary from industrial goods. Emphasize classes of
* Secondary processes and outputs,
- p tput Show examples of slides of industrial goods/
rocess outputs finished products. Discuss processes used
* Industrial goods to produce items. .
* Consumer goods Discuss, through slides and examples, the types 27
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CONTENT REPRESENTATIVE ACTIVITES TIME
— Primary manufacturing processes .
* thermal
* chemical
* mechanical
* electrical
Secondary processing Students should produce selected cast or
_ . . molded parts or products using a variety of
Casting and molding materials and processes. Not all students
* preparing molds need to complete the same number of castings 82
* . . or use the same materials or processes.
preparing materials During the review differing experiences among
* introducing materialds into molds the students can be discussed and summa-ized.
* golidifying materials
* extracting materials from molds
- Forming Students should produce selected formed parts
* . . . or products using a variety of materials and 52
selecting shaping devices forming processes
* determining temperatuzes
* applying pressure
-~ Separating Students should produce selected mechined or .
* gelecti ,e 1 sheared parts or products using a variety of 15%
selecting cutting elements materials and separating processes.
* establishing cutting and feed motiomns
* clamping work and cutting elements
- Conditioning materials Students should conditiorn parts or pro@uctc a1
. e e . casti olding, formin
* chemical conditioning g:ezeg:g::z::.by asting or molCing, &
33
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* Custom

* Intermittent
- Job lot
~ Batch

* Continuous

CONTENT REPRESENTATIVE ACTIVITES TIME
* Thermal conditioning
* Mechanical conditioning Students should bond agd mechan}cally fa,tqn
parts produced by casting, molding, forming, 5%
- Assembling or separating to produce subassemblies and/or
* Bonding products,
* Fastening materials
- Finishing Students should apply finish to previously
* Selecting finishes produced parts, subassemblies and products. 5%
* Preparing materials for finishing
* Applying finishes
* Curing finishes
Introduction to management
- Functions of management
* Plannin Film, filmetrip, field trip or speaker which
& presents to movement of a designer's idea
* Organizing through specifications to manufacture and
* Actuating marketing
* Controlling
- Types of managed systems 12
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CONTENT REPRESENTATIVE ACTIVITES TIME
Managed Activities
- Establishing the organization
* Structuring the -organization
* Employing managerial personnel
- Designing the product Introduce research- and development have 142
students
* Research
* Development - sketch product idcas for aesigned design
problems
* Product engineering - Refine ideas
- build soft (styrofoam, cardboard) mock-ups
-~ survey the market to determine customer
acceptance of the product and identify
competition
- Preparing to produce the product For the designed product, students should 181
* Manufacturing engineering - gelect and sequence operations
. . ~ design and construct tooling
*
Production planning & control - prepare plant layout and material handling
* Employing production and personnel system
* Training production personnel ~ determine employee and material needs
g e P - establish a quality control system
* Purchasing production materials - become employed and trained for a
* . . production job
Preparing to control quality - pilot test the production line
= Producing the product During the production of the preduct the 7%

* Processing materials
* Controlling qualifty

* Establishing safety programs

* Administering wage programs

students should

- produce parts, subassemblies and products
operate the quality control system
discues and estabiish a safety program
congsider the need for a labor union

- maintain wage records




- Present-day manufacturing

* practices

* gocietal impacts

* personal interaction
- career roles
- consumer roles
- citizen/voter roles

Future trends

* employment/jobs

* resource utilization
* computerization

* etc.

Student panel discussion on:
- my role as & worker
~ preservation of the enviromnment va need
for natural resources
- industry and the consumer
* quality of products
* price
* performance
* etc.
- Training and education for emplcyment

CONTENT REPRESENTATIVE ACTIV'TES TIME
* establishing safety progrems - operate the quality control system
* administer wage programs - discuss and establish a safety program
- consider the need for a labor union
- maintain wage records 8%
Marketing the product The students should:
* advertising - design product advertising
* gales - develop and operate a sales program
* distribution - design and produce a product package
Evolution of manufacturing Show one or two episodes of the "Connection"
- Historical milestones series video tapes 22
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COURSE TITLE

“Manufacturing Materials and Processes" (8165) 18 weeks
(Level IV All school sizes) Grade 11-12
COURSE DESCRIPTION

The Manufacturing Materials and Processes course provides students
with an introduction to (1) the properties of industrial meterials,
(2) production of standard stock and (3) the transformation of
standard stock into finished products. The emphasis of the course
is on. introductory concepts common to all processes as they relate
to polymeric, metallic " and cersmic materials. The content is
presented through activity-based methodologies. Thé goal is to
provide a broad picture of materials and processes rather than
develop specific manipulative skills. Therefore, care should be
given to provide a balanced emphasis between primary and secondary

processing and among the six families of secondery processes.

COURSE OBJECTIVES:

Upon completion of the course, students should be able to:
1. Relate material properties and processing activities to the

larger context of industry and technology.

2. Differentiate between primary and secondary mcterial processing
activities.

3. Describe the six major types of secondary material processing

activities.

4. Perform selected primary and secondary material processing
activities,




COURSE OBJECTIVES (continued)

Describe thc major onroperties of materials.
Pexform selected tests to detcrm’ne materials properties.
Exhibit safe work habits and cooperative attitudes.

Select alternate materials that will meet product and consumer

requiremants.

£,
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CONTENT

REPRESENTATIVE ACTIVITES

* Introducing materials into molds
* Solidifying materials
* Extracting castings or molded products
Forming
* Selecting shaping devices
* Determining material temperature
* Applying pressure
Separating
* Selecting cuti{ing elements
* Establishing cutting and leed motion
* Clamping work and cutting elements
Conditioning materials
* Chemical conditioning
* Thermal conditioning
* Mechanical conditioning
Assembling
* Bonding materials
- Adhesive bonding
-~ Fusion bonding
* Fastening materials
- Mechanical fastening

~ Mechanical force

- both gravity and pressure tech. iques for
introducing meaterials into molds.

Form several products or parts of products using

-~ metallic, polymeric and ceramic materials
- one-piece and mated dies and/or smooth or
mated rolls

Machine, shear, and/or flame cut materials to
produce parts or products. Include as many
combinations as possible of cutting elements,
feed and cutting motions, and work and t-ol
holding systems.

Heat treat, fire, work harden
condition parts for a product. Include metals,
plastics and ceramics if possible.

Assemble parts to produce a product using a
variety of techniques including

~ adhesives
welding (fusion bonding)
mechanical fasteners

- interference fits
- geams

10%

182
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CONTENT REPRESENTATIVE ACTIVITES TIME
Discovering manufacturing View a film which shows (1) obtaining raw
_ . materials, (2) converting raw materials into
Transforming processes standard stock and/or (3) producing finished
- Managing products frow standard stock.
~ Systems model of manufacturing Run & teacher developed line production.
(This unit is & quick overview of manufacturing 5%
nmaterials, materials processing, management,
and systems. It provides general experiences
and discussions which introduce the course,
i.e. What is Manufacturing, What is material
processing, What is management?
Obtaining resources for manufacturing B
- Materials Separate clay from soil and produce a product.
* Dj Obtain and test sand for its possible use as
1ract .
molding sand.
* .
Indirect Harvest a tree (or limb) and use it for a
= Human plaque.
* Managerial View films on mining, drilling, and/or harvestt
* Scientific/technical 1ng.
* Office/clerical Analyze "want ads" to determine types of
* Worker /operative human resource used by manufacturing.
- Capital Check equipment catalogs to determine types
pita and cost of typical manufacturing equipment. 52
*
Plant (These activities combine the content of
* Equipment this category on the next page of the outline)}
~ Finance
* Debdt

* Equity

® 44
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COURSE TITLE
e “Product and Production System Design' 8175 18 weeks
NG (Level IV Medium schools) “ Grades 9 - 12
COURSE DESCRIPTION

Product and Production System Design is & course which provides
students with an introduction to the processes used to develop and

specify product ideas and to design and operate systems to produce
products. Emphasis is placed on the sequence of action which
changes a designer's product idea into a product which meets

specified quality standards,

‘ COURSE OBJECTIVES:
N Upon completion of the course, students should be able to:

1. Identify and define a design problem.
2. Visualize product ideas.

3. Refine and communicate product ideas.
4., Critically evaluate product ideas.

5. Engineer products.

6. Specify product characte istics.

7. Analyze product drawings, bills of materials, and
specification sheets to determine operations required,
quality standards, and material specifications.

8. Select a sequence of operations required to manufacture
a product.

9. Design and construct tooling.




CONTENT

* Conducting material tests

* Reporting test results

properties.

Prepare reports of test procedures and results.

REPRESENTATIVE ACTIVITES TIME
- Finishing Apply finish to products. If possible apply
¢ Setecting finishes roch oxganic and trorgenic sateriale wing & | o1
* Preparing materials for finishing electroplating.
* Applying finishes
* Curing finishes
Analyzing manufacturing outputs
- Determining { _mes of outputs Collect and ?atagorize a variety of manufactur-
¢ o il fog ovpucs including boch prinary b e | 07
* Industrial goods (scrap, pollutants, etc.)
* Finished goods
* Ancillary outputs
Categorizing material properties Collect and categorize materials according to
* chanical propertics theiz aciou proverics, e bavient, 100 | ax
* Physical properties courseness, color.
* Chemical properties
* Thermal properties
* Electrical and magnetic properties
* Accoustical properties
* Optical properties
Determinin: material properties Design and/or conduct several tests on
% Designing or selecting material tests products or materials to determine thei: 172
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CONTENT

REPRESENTATIVE ACTIVITES TIME
Introduction to product design and Film that shows the manufacture of products——
production systems emphasize how the product wac "ssigned and
iater produced.
~ Syster elements
Teacher designed siample introductory line
* .
Research and development production. Emphasize:
- Research - product design
- Development * Simplicity * Appearance
. . * Function * Value
- Product engineering '
* Production - product drawings as a communication devise
- Ms.ufacturing engineering - plant layout and material handling
- Production planning & control - tooling
- Plant engineering - sequence of operations 5%
- Quality control - inspection and quality control
- Manufacturing
- System components
* Inputs
* Processes
- Design Processes
- Materiesl Processes
- Management
* Outputs
* Operating context
- Company objectives
- Societal goals
ot

ey
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CONTENT REPRESENTATIVE ACTIVITES TIME
Product design system Introduce a creative design problem such as
~ Foundations of design a mousetrap powered car, package for a falling
* . egg, etc.
The design process Identify products which represent
* i h
Design approac - Consumer approach: determine needs and wants| 103

- Consumer orientation

- Production orientation

then design product

- Production approach:
create a need or want

design a product, then

Identifying and def{;{ng design problems
- Determining the problem
- Gathering information

* Consumer needs and wants

* Competitive analysis

* User characteristics
( anthropometric data)

* Envirormental data
~ Determine design approach
* Design fundamentals
- Function
- Materials
- Appearance
- Construction techniques
* Design elements
- Line
= Shape

~ Mass

Given a basic design problem or direction, each
student should:

- determine consumer opinions about the
features of an acceptable product

- describe and analyze competitive products

~ list desirable features for a functional and
economic product

= prepare a complete statement of the design
problem. Include a list of company and
external restrictions.

(Four or five students ia each class are given
the same design problem. Later all students
with the same probiem form a product idza
evaluation group and then a product engineering]
team. The number of different design problems
used in any one class will vary with the number
of students enrolled in the class. A typical
problem would be:

“You have been recently employed as a designer
for the Play-Fast Toy Company. Your company's
sales personnel have breught back reports of
a successful new competing metal truck line.
Play-Safe's marketing group has conducted a

i
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CONTENT REPRESENTATIVE ACTIVITES TIME
* Design principles survey vhich indicated dissatisfaction
- Lala vith the metal toy's sharp edges and corners.
nce Management has assigned you the task of
- Proportion designing a new wood toy tzuck lime which
- Harmon meets the following criteria (Prepare a list of
y criteria).
- Emphasie
- Rhythm
- Defining t™e problem #*The design assignments should require a set
* Criteria of products so that a design theme can be
¢ carried out.
* Limitations
* Problem statement
Developing product ideas Each student should take his/her design
- Visualizing preliminary product ideas statement then: 12%
* Sketching techniques - produce a number of rough sketches for
. * complete product ideas
* Preparing rough sketches * Ideas for components for the products
* Preparing detailed sketches - prepare & detailed (dimensioned) sketch
. . .y - refine the rough sketches
Refining product .deas and sketches - prepare a rendering of their idea
- Communicating product ideas - build a soft(styrofoam, cardboard) mock-up
* Perspective sketching ‘
* Preparing renderings
* Modeling
* Constructing mock-ups
- Evaluating product ideas The students should be grouped in teams of
* Constructing prototypes three to five. They should: 4x
% Managerial reviews -evaluate the product ideas of each member
of the team

nJ
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CONTENT

REPRESENTATIVE ACTIVITES TIME
- Technical feQie;s - select the idea which best meets design,
-~ Market reviews manufacture, market, and financial r-iteria,
- Financial reviews - brainstorm the selected idea to improve it.
Engineering and spécifying oroducts As a t?am, the studente should prepare the
- Product engineering f?i;:::n§d§:f the selected and improved 14
- Specifying product characteristics - a detail drawing for cach part
* Engineering drawings - assembly drawings for each assembly
- Detail drawings - a bill of materials
- Assembly drawings . .
If tire permits, the group should design and
- System drawings conduct tests to determine product safety,
* Bills of materials reliability, functionality, etc.
* Specification sheets
- Testing product performance
* Designing and conducting tests
* Reporting test results
Establishing production methods Using one developed product from the product 52

~ Selecting operations
* Classes of operations
* Establishing operations
~ Product analysis
- Operation descriptions
* Determining support activities

- Inspections

- Transpor’ itions

design phase of the class or a set of drawings
from the teacher, the students will develop
an efficient and appropriate production
system.

Individually or within groups, the students ’
should:

- analyze the drawings and list all required
operations

- prepare an operation sheet for each part

q 55
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CONTENT REPRESENTATIVE ACTIVITES TIME
- delays - prepare & flow process chart for each part
- storages - prepare an operation process chart for the
product

- Sequencing operations
* gequencing operationa for each paxrt

* gequencing operations for the product

Engineer the production facilities

Selecting a layout system Groups of students assigned to each part of 52

* product layout the product will:

* process layout - determine the space needs for manufacture

- prepare a suggested plant layout

Determine space needs
- develop a system for materials handling

Allocate space

Engineer a material handling system

Design and fabricate tooling

Determine the tooling needs Individually or in pairs, the students should
design, fabricste, install, and test a piece 20%
of tooling.

Develop possible tooling solutions

Select the best solution

Prepare tooling drawings

'

Fabricate, install and test tooling

Develop an inspection system Individually or in small groups, students
- Determi . ti d should determine &n inspection need, and 7%
etermine lnspection needs develop a system to control that characteristiq.
* determine quality standards This would include:
* 1ist critical features or dimensions - listing the need
. N
O 5'] ~4
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CONTENT REPRESENTATIVE ACTIVITES TIME

- Select inspection techniques . . cq q: . .
P q - designing and building an inspection devise

* Design inspection devise . . . .
- preparing instruction for an inspector
* Prepare inspection instructions
-~ Develop an inspection reporting system
* Part-marking system

* Inspection results reporting

82

Schedule manufacturing activities
As a class, develop long-range and daily

* Master schedules production schedules.

* Daily work orders

* Production reports

Operate the production system

- Students ghould be trained ior jobs or the 131
- Train workers production line:
- Produce products - incoming materials should be inspected
* Parts - parts and assembliez2 ~hould be fabricated

* Subassemblies and inspected

~ finished products should be completed and

* Finished products inspected

- i t d t . . .
Inspect inputs and outputs - selected jobs should be time studied
* Incoming materials

-~ efficiency and appropriateness of the
* Work-in-progress production system should be discussed
* Finished products

- Supervigse workers

- Monitor production activities
* Time studies
* Quality reports

* Production quantities

Q 1 G U
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COURSE TITLE

"Designing Products” (8116) 18 weeks
(Level IV Large Schools) Grades 11-12
COURSE DESCRIPTION

The course, Designing Products for Manufacture, provides students witha
comprehensive introduction to the systems used by manufacturing
enterprises to design, develop, and engineer products to meet the

needs and vants of consumers. Emphasis is placed on an activity-
centered study of the specific tasks associated with design problem
identification and conceptualization, design review, product design

interpretation and specification, and product testing.

COURSE OBJECTIVES:

This course is designed to provide the students with the opportunity
to:
1. Understand research and development as a managed system with

inputs, processes and outputs when operated in a company and
societal context.

2. Understand the functions and task of research, development
and product engineering.

3. Appreciate and use “he design process.

Differentiate between consumer and production design
orientation.

5. Conceptualize, visualize and communicate a product design.
Develop a data base for designing a specific product.
Design a product with consideration for functionm, selling,
and manufacture.

8. Test the appropriateness of & product design.

61




CONTENT

REPRESENTATIVE ACTIVITES TIME
Design in Manufacturing
- System elements Film that ghows the manufacture of a product. 22
* Research Emphasize how the product was designed
Introduce design with an open-ended design
* Devel t
evelopmen . problem. The emphasis should be on using
* Product engineering the design process to develop a unique
- System components solution.
* Inputs A typical assignment:
* Processes "Des%gn a Yehic%e that will travel the maximum
straight line distance on a flat hard surface
* Outputs propelled only by a mousetrap spring."
: - : "Design a device that will protect a raw e e et
Foundat P 88
ovadations for Produc; Design from the effects of a three-story free falli."
- Types of design 102

* Innovation
* Adaptation
* Imitation
- Desiy orientation
* Consumer .
* Production
- The design process
* Identify problem
* Research and analysis
* Generation of ideas
* Experimentation and ~efinement
* Pinal solution
* Design report & presentation
*

Evalusation

"Design a device that spins, similar in nature
to a top. The purpose of the device is to
spin for an extended period of time."

(The above assignments should have size,
materials, cost, and performance limitations
developed. Also, kits of materials for each
student may be provided.)
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CONTENT REPRESENTATIVE ACTIVITES TIME
Identifying and defining design problems The remaining activities are structured around } 10X
- Determining the problem :.?lgor course assignment. A sample assigmment
- Gathering information "You have been recently emplnyed as a designer
for the Road~Bed Toy Company. Your sales per-
* ]
consumer needs and wants sonrel have brought back reports of a success-
* competitive analysis ful new small metal train introduced by your
x . . . major competitor. The line is taking a share
::2:)Ch'raCter1’tlcs (anthropometric of the market from your present line. The
management of Road-Bed Toy Company plens to
* epnvirommental data take advantage of an identified weakness in I
_ . 4 . s the competitor's product which is sharp corners
E;:‘:z:::;:ﬁ goals and objectives for and edges. Management has authorized the
design and development of a wood train line to
- Analysis of data meet the following criteria (list criteria).”
- Determine design approach Several similar design assignments will be
* . needed for each class. The same assignment
design fundamental will be given to 4-5 students in each class.
- function The students work independently during the
- . product design phase of the activity and in
materials groups during the product evaluation and
- appearance engineering phase.
- construction techniques Civen the basic design problem each student
will independently (or in pairs)
x .
design elenents - design and conduct a market survey to
- line determine consumer preferences for the
intended product.
- shape .l . ee s
- complete a competitive analysis by describin
~ mass and analyzing competing products.
* design principles - list the desirable features of a functional
and economical product. '
- balance * The assignment should require the students
- proportion to design a set of products so a design
theme will have to be carried out;
- harmony i.e., a set of toys, a set of desk
63
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CONTENT REPRESENTATIVE ACTIVITES TIME
-~ Emphasis accéoootiea, etc.
= Rhythm (prepare a complete statement of the design
- Deiuing the problen Tt oo L3 o compeay e
* Criteria
* Limitations
* Problem Statement
Developing product lines From their design statements, students should:
- Visualizing preliminary product ideas - produce a number of rough sketches for
* Sketching techniques * complete product ideas
* Preparing rough sketches * product components
= thumbnails = refine the rough sketches sz
= roughs = rrepare a detailed (dimensioned) gketch from
* Prepare detail sketches the roughs
= Refining product ideas and designs = prepare mock-ups of product design
- Co-nnic.ting.product ideas - prepare rendérings of product design
* Perspective sketching
* Preparing renderings
* Modeling '
* Constructing mock-ups
Screening product ideas Students working on the same design problem
- Analyziog product ‘idea ook et raltion com, They
* Manufacturing feasibility designs and salect the best design in terms k ¥

* Financial risks and rewards
* Marketability

of design, manufacturing, market, and
financial criteria.

) 67
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CONTENT REPRESENTATIVE ACTIVITES TIME
* Functionality
- Approve appropriate design
Engineering and specifying products Student design team should carefully a&nalyze
- Product idea analysis andoxnprov? uelecgeq ?euxgu through
brainstorming activities.
* Analysis
* Brainstorming
* Modification/Simplification
- opecifying product characteristics The student design term should specify the
. . . characteristice of the modified product design
* Engineering drawings . .
by preparing: 352
= Detail drawings - tagineering drawings
- 3 l
Assembly drawings - bills of materials '
= Syetems drawings - specification sheets (if needed)
% Seani €ioaps '
Specification sheets NOTE: assign the work 1~ad so that each studeny
# Bills of matecials produces one or more detasil drawings and at
* Cost anslysis least one assembly drawing.
A cost analysis for the products should be
- Modeling the design completed.
The design team should build a prototype of
*
Prototype the product design(s).
- Test the product performance Each student should design or select & product
* Designing or selecting te ts test, conduct it and report the results. The
1gning cting product can be tested for durability, safety,
* Conducting tests functionality, opuration, etc.
* Reporting test results
Present pruduct design The product design team should present their
product to "managem nt' for approval. The 5%

(3,
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REPRESENTATIVE ACTIVITES

TIME

ptesentation should be a formsl, structured
orsl and written report. Emphasis should be
basis of design for manufacture, for marketing

sod for function.




COURSE TITLE
‘YSanufacturiang Sysicms' {8115) 18 weeks
(Level IV Large Schools) Grades 9-10
COURSE DESCRIPTICN

Manufecturing Production Systems provides students with an introduction

to the design and operation of production systems. Emphasis is placed

on efficient and appropriate plan layouts, process selection and sequen-

cing, ma“erials handling syetem design, quality control procedures,

production planning and control activities, work measurement practices,

and product manufacture. The main activity: students establish a

production system for a product as specified by a se: of engineering

dravings, bills of materials, and specification sheets.

COURSE OBJECTIVES:

Upon completion of the course, students should be able to:

1.

w P oWwN

[+,

Analyze a set of drawings, specification sheets and bills of
materials to determ.ne:

a. the operarions needed to produce a product,

b. specified quality standards,

c. material specifications.

Senuence operations for efficient manufacture.

Design and construct functional inspection devices.
Prepare effective quality control motivational materials.
Schedule the manufacture of parts, subassemblies and final
assemblies.

Determine material handling needs for a production system.

Supervise manufacturing activities.

35




CONTENT

REPRESENTATIVE ACTIVITES TIME
Introduction to production systens Film that shows the manufacture of products--
- System components emphasize system components and elements 62
* Inputs Teacher designs simple introductory production.
* Processes Emphasize:
- Material processing - plant layout
- Management - material handling
* Outputs - tooling
* Operating context - quality control
- Company goals - sequencing of operations
- Societal objectives
- System elements
* Manufacturing engineering
% Production planning and control
* Plant engineering
* Quality control
* Manufacturing Divide the class into three groups: 102

- System types
* Custom
* Intermittent
- Job-lot
- Batch

* Continuous

GROUP A: custom produce & product
GROUP B: Job-lot produce a product
GROUP C: Continuous (line) produce a product

NOTE: product should be simple and produced
with common hand and portable electric tools.

Compare the three productions in terms of

- skill of the workers required
- quslity of the output

- efficiency

o
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CONTENT REPRESENTATIVE ACTIVITES TIME
Establishing production methods The class will be given a set of drawings, billg
_ . . of materials, and specificatioi. sheets which
Selecting operations they will use to complete all the remaining 102

* Classes of operations
~ Casting and molding
- Forming
- Separating
- Conditioning

- Finishing

Assembling

* Establishing operations required
- Product snalysis
- Operation nheets

* Determining required support activities
~ Inspections

- Transportation

Delays
- Storage
- Sequencing operations
* Sequencing operations for each part
with flow process charts
* Sequencing operations for a product

with operations process chart

activities. These activities will result in an
efficient and appropriate production system
for the manufacture of the specified product.

Analyze the product and list all required
operations¥

Prepare an operation sheet for each part,

Prepare a flow chart for each part.

Prepare an operation process chart for the
product.

*The gtudents may be assigned to work on each
assignment as individuals or members of a

design group.




CONTENT

REPRESENTAYIVE ACTIVITES

TIME |

Engineering production facilities
~ Selecting a layout system
* product layout
* process layout
~ Determine space needs
* manufacturing areas
* gtorage
* aisles
- people needs
~ material's needs
* aguxiliary
- Allocating space
* plant layouts
- models
- dravings

- Designing and installing handling
systems

* analyzing requirements
* gelecting system type
- fixed path
- variable path
- Fabricating and installing materizl

handling systems

Divide the class into groups and assign a
part to each group which should then:

- design an efficient plant layout for its
part

- develop a material handling system for
its part

10%

7
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CONTENT REPRESENTATIVE ACTIVITES TIME

Designing and fabricating tooling Assign a specific tooling need to each

T £ 1 atudent or pair of students. They should (1) 302
- Types ot tooling 1:st possible ways tc tool up for the task,

* Jigs (2) sketch these solutions, (3) select the

* Fj best soiution, (4) prepare engineering draw-

1xtures ings for the tooling, (5) build, test and

* Patterns and templates install it.

* Formed cutters
~ Part clamping devices

* Mechanical

* Hydraulic/pozumatic
- Designing tooling

* Determine tooling needs

* Develop possible solutions

* Select best solution

* Prepare tooling drawing

* Fabricate tooling

* Test tooling

* Install tooling
Develop a quality control system Assigﬁistudent groups to: 20

- System elements
* Motivational program
* Inspection system

- Determining quality standards
* Product drawing analysis

* Process analysis

prepare a quality control motivational
program theme

prepare motivational materials

determine critical features to be inspected
for assigned part

develop inspection devices for each task




( ONTENT

REPRESENTATIVE ACTIVITES

TIME

- Selecting inspection techniques - develop a method to tag parts for rework

* Designing inspection devices and reject

* Praparing inspection instruction B @evelop'a syatgm'to repcrt the results of thé

inspection activity by day and/or week

- Developing an inspection reporting

system

* Part marking system

* Inrpection results reporting
Scheduling manufacturirg activities

Have student groups develop master production
- Master schedule : P
a d schedules, daily work orders and daily IN 3

- Daily roduction production re-~ort forms.
- Work orders
- Production reports
Orerate & m:nufacturing system ' e .

F & sy The students should install their tooling,
- Train workers arrange the laboratory for production, install 10%

-~ Produce products
* Parts
* Sybassemblies
* Finished products
- Inepect outputs and inputs
* Incoming materials
* Work in process
* Finished producte

- Supervise workers

the material handling system, locate
inspection stations, and operate the system.
Time studies, production .eports and quality
control reports should be used to determine
the efficiency of individual operations and ~f
the total system.

81
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CONTENT

REPRESENTATIVE ACTIVITES

-~ Monitor production activities
* Time studies
* Quality analysis

* Production quantities

F -
—
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INT20DUCTION TO COMMUNICATION

Communication is a major industry in our world. More
than half of the American population is involved with the
generaction, manipulation, storage, transmission or marketing
of information. The purpose of this section is to introduce
the student to <clsssifications, terminology, technical
systems and processes used by the industry and to provide
repzesentative activities that support those understandings.
1he section is broken into five major technical
comnunication areas: graphic, electronic, computer, light,
and acoustic.

Within each area, emphasis should be placed upon the
domestic and global impact upon how people live. This 1is
defined within the taxonomy as economic, political, values/
attitudes and environmental iapacts, but should not be
viewed as a rest-ictive 1list.

The graphic communication area introduces the
traditional areas of printing and photography, but suggests
4 somevhat broader view. Within printing, eleccrostatic eand
iuk jet are now viewed as significant reproduction methods.
Processen i. 4ependent of reproduction methods are described.
Emphasis should be placed upon the printed products,being
clsss’ fied by both ¢ .¢ and type of material. The concept of
consnuachle orinted at<rfals includes such things as
nevspapeca, napkins, paper cups, or anything that carries an
image, dbut {¢ intended to be used once znd then discarded.

Permanent materisals, however, are intended to sgurvive beyond




immediate, or one-time use such ceramic dinner
plates, or flcor coverings. Photographic communication
includes both film and electronic iasging. While electronic
imaging relates to several other gystems within the
industry, it is sti11ll viewed 88 an important part of photo
methods.

Electronic comsunication 1is & significant area that

iacludes telecomaunication, hard-wired systems, and

compute=~. The emphasis is upon co-nuniéation methods and

not necessarily hardware. While a computer is hardware, the
suggested view is the application of hardware and software
to expand human abfilities. Nearly every area of techpfcsl
activity uses computers today, but this topic exsmines how
computers are specifically used to communiceate with humans
or with other .omputers.

Light communication is gan area rarely examined in this
type of curricula, yet is an important aéthod of trans-
mitting information. "Interactive,” in the taxonomy,
describes methods to send and receive information between
@sachines and humans or between machines and machines; a
major example is the use of lagers. "Pacsive,” on the other
hand, defines methods thet are continuous, on-going sources.
Exam, les 1include neon gigns, airport landing 1lights,
stop-and-go lights, and navigational aids (lighthouses).

Acoustic communication falls into two areas. The first
is sonic detection. It represents the generation of gound
waves to gather informstion; common areas of application are
medical research, (disgnosis of heart defects, pregnancy
tests), manufacturing (to locate potential defects in welds)
and transportation (to derec* traffic flow or activate s
light signal). The second major ucoustic :omaunication area
1s the storage and retrieval of information. Sound informa-
tion is stored on magnetic tape, for vlayback through a tape

drive, or in mechanical form on a record.
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The taxonomy for the communication area is carried to

four levels of spacif

- . 2

ty. It is intended to describe the

field, and define current industrial and social reslities.
It 18 not intended to be restrictive, but rsther to give a
framework for further expansion. Individual classroom

teachers are encouraged to expand the model to specifi-
spplications.




"Communication Systems" (8iZ5) i8 weeks

<7 (Level III - All Schools) Grades 9-10

and

systems and pro-esses within the communication industry.

COURSE DESCRIPTION

This course -is & general intrcduction to technical communication

representative activities that support those general understandings,

forms a base of understanding for further exploration.

1.

2.

COURSE OBJECTIVES:

Upon completion of the course, students should be able to:

Understand tt2 limitations of humans communicating wich humans
through the five aenses.

Recognize that technology ampiifies, expands and creates new
ebilities to receive and send information.

Recall that communication systems are defined as graphic,
electronic, light, acoustic, and computer technologies.
Complete activities that develop understandings of the five
communicatior/ systems.

Recognize typical products produced by the communication
industries to create, manipulate, store, send or receive and
market inforwmation.

Understand the impact of techrnlogical systems upon our world,

including the z onomic, political, value/attitude and environ-

mental dimensions.

It provides




CONTENT

REPRGSENYATIVE ACTIVITES

Introduction
-~ What 1is communication:
* Information transfer. Human-Human
* Information transfer: mechine-machine
* Information transfer: machine-human
- How do humans communicate:
* Taste
* Olfactory
* Visual
* Auditory
* Touch
- Human limitations
* Envirc. mental
* Physical
* Cognative/Experimental
* Sense
Technical Extensions
- Amplify
* Visual (telescope)
* Auditory (hearing aid)
~ Expansion

* Visual (television)

* Auditory (telephone)

Films such as "Why man creates”

Have students conduct sensory deprivation
experiments

- smell an onion for 30 seconds then identify
the difference between two perfumes.

- Blindfolded, listen tn another person’s
description of an item and identify it.

Demonstrate typical amplification and
expansion equipment/process.

144
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CONTENT REPRESENTATIVE AC™ /ITES TIME |

- New abilities

* Storage
* Retrieval
Classifications of communication systens
- Graphic communication
- Electronic communication
- Light communication

-~ Acoustic communication

Graphic Communication Field t- ~ to commercial printer 302
- Printing methods Have students individually or in groups assess

* Relief the sudience. Design =nd produce

* Screen (a) a greeting card or

* Litkographic (b) cover for a 45 R.P.M, record

* Gravure (Use clip art, dry transfer letters,

Kroy-Type for copy and produce multiple
* Electrostatic copies by Electrostatic means.)
* Ink Jet Film;, such as, "Graphic Communications-we

. L. used to call it printing" (DuPont)
- Printing processes

* Image design Assess space dedicated to photos and copy in

* Inage assembly local or school newspapers

* Image conversion Field trip to a commercial photographer

* Image carrier preparation

* Finishing
- Photographic methods

* Image transfer
| * Film imaging

Go

8y

9

o0

* Electronic imaging
\
\




CONTENT

REPRESENTATIVE ACTIVITES

TIME

Image
Image
Image
Image
Image
Image

* % % % % %

Film

* % * % &

- Photngraphic Processes

degign
assembly
exposure
conversion
reproduction
finishing

- Graphic communication industry/products
't Publishing

Art/advertising
Ps:Vaging

Commercial printing
Commercial photography

- Impact of graphic communication

* Economic

* Political

* Value/attitudes
* Eavironmental

Using room light handling films and a
photo flood lamp produce a photogram.

(cover the film with found objects~ coins

feathers, leaves- Then expose and develop it.)

* % % % %

Electronic Communication
-~ Telecomnunication methods

* one-way transmission (radio, TV)
* two-way transmission (radio, RADAR)
= Telecommunication processes

* Designing
Encoding
Transmitting
Storing/Retrieving
Receiving

Decoding

Field trip to a radio or TV station
Films such as "Pushing the Limits" IBM
Demonstr.te/operate a CB or Ham Radio

Run computer program
- Type in name, address, etc.

302
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CONTENT

REPRESENTATIVE ACTIVITES

~Hard-wired systems

* One-way (voice, data, facsimile, P.A.)
* Two-way (voice, telephone)

-Hard~wired system processes

* Designing

* Encoding

* Trensmitting

* Storing/Retrieving
* Receiving

* Decoding

-Computer Systems

* Analog

* pigital

- Computer Processes
% Iaput

* Storage

* Process
* OQutput

~Computer Interface

* human
* machine

- Electronic Communication Industry ProductT

* Broadcasting

* Telephone

* Telegraph

* Data Processing

* Information services

Using & 9 volt battery, build and operate
telephone intercom system

G/
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CONTENT

REPRESENTATIVE ACTIVITES

TIME

-~ Impacts

* Economic

* Political

* Value/attitudes
* Environmental

1S
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CONTENT REPRESENTATIVE ACTIVITES TIME
Light Comminication
- Interactive Systems Build g sensing device using photocell, photo- 5%

* Sources {coherent, non-coherent)
* Processes
- Design
- Bucode
- Transmit
- Receive
- Decode
- Pagsive Systems
% Sources (coherent, nron-coherent)
* Processes
- Design
- Encode

- Transmit

Receive
- Decode
- Light Communication Industry Products
* Telephone
* Broadcast

* Data Processing

diode or photo transistor or & solar cell.

Speake: from telephone company on "Fiberoptic

Transrission"

10U
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CONTENT

REPRESENTATIVE ACTIVITCS

Acoustic Commuaication

- Sonic detection systems
* Gas

* Liquid

* Solid

- Sonic detection process

* Modulation
* Tranmission
* Receiving
* Decoding

- S.orgge and retreival systenms

* Magnetic
* Mechanical

- Storage and retreival systeaz processes

* Encode

* Store

* Retrieve

* Decode

- Acouatfic Communication Industry Products

* Heuglth services

* Information services
* Recording

- Impacts

* Fconomic

* Political

* Value/Attitudes

* Environmental

Build a paper machine or cardboard parabolic
dish and record a distant conversation.
Analyze the recording.

Administer a8 hearing test

€S
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CONTENT

REPRESENTATIVE ACTIVITES

Managing Communication Systems
- Establishing the organization

* Generate capital
* Employ management

*
- Design the campaign

* Establish theme

* Determine media forms

~ Decign the messagn
* Assess the audience
* Research means to impact audience
* Develop message through
- storyboards and scripts
- rough, refined and comprehensive
sketches
- Prepare to transmit the message
* Plan and schedule prod.ction
* Eaploy and train personnel
* Prepare images or stage production
* Procure materials .
* Establish physical facilities
= Produce the message
* Print
* Record
- Deliver the mes~age
* Broadcast -
* Ship

Give groups of students or the class instruc-
tions such as: "You have received a request
to bid on producing an advertising campaign
for a school dance (or play, sporting eveat,
etc.). Form a company to sel:ct, design, and
produce the media with proper consideration to {
the financial and personnel activities."

202
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CONTENT

REPRESENTATIVE ACTIVITES TIME

§S

- Maintain financial and personnel records

* Budgets
* General and cost accounts
* Wage re~-

- Liquidate . )any.




COURSE TITLE

o nication Systems" (8135) 18 weeks

(Level IV - Medium and Large Schools) Grades 11-12
COURSE DESCRIPTION

The graphic communication course provides students with an
introduction .to the graphic communication field. Emphasis is
placed on the development of a conceptual understanding of the
technical processes and managerial activities related to two

major areas--printing and photography.

COURSE OBJECTIVES:

The course is designed to provide students with an opportunity to

develop an ability:

1. Identily major areas associated with the graphic communication
field.

2. Identify and use the materials and equipment associated with
the photographic field.

3. Compose and develop a photograph for an assigned theme.
Identify and use the materials and equipment associated with
the printing industry.

5. Produce a product using a common printing process.

Identify and discuss the purposss of the graphic communication
industry.

7. React to the way graphic communication affects the commudity,

state, and nation in tevms of social, economic and

political impacts.

H
-
-
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CONTENT ' REPRESENTATIVE ACTIVITES TIME
3
Introduction to Graphic Communications Show films, such as "Graphic Communications-- 8%
- Defining graphic commanication We used to call it printing"

* .
Photography Students should collect examples of graphic

* Printing image. Class discusses use and impact (how
. .. it influences our society and culture)
- Impact of graphic communicaion
* Information dissemination
* Opinion influences (advertising)
* Entertainment

* Packaging

Photography 252
- Photographic furdamentals
* Light sensitive materials
* Exposure systems

* Processing systems

* Light sensitive materiale Students produce photograms, using room-light

Silver-based handling film, and rapid accesc ' chemicals

Non-silver based

® 109 ® ([
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CONTENT REPRESENTATIVE ACTIVITES TIME

- Exposure Systems Students expose one roll of b & w film,
using various light sources, and process to

Ay ni . .
Light monitoring see different results—--make a contact sheet

* Light generation
* Exposure techniques

* Monitoring techniques

- Sequence of the production of Students produce five prints within a theme.
photographic products The theme might be topics such as "school life"
N "environmental problems," "local leaders,"

Image design "rest" or "my pets'. They will:

* Image assembly

-
.

Plan the photographs

Image exposure 2. Bring together the elements and
prepare lighting (if necessary)
Expose the images

Develop film and prepare prints
Mount the photographs for display -n
posterboard

*

* Image reproduction

*

Image finishing

v £ W

Printing

- Use of printed products Students classify a variety of printed productl
* Materials as assembled by the instructor 322
* Paper

* Non-paper

* Application

* Consummable

* Permanent

-~ Printing fundamentals
* Printing sequence

* Image design

* Image assembly

@
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CONTENT

REPRESENTATIVE ACTIVITES

TIME

*»

Image conversion
Image carrier preparation
Image transfer

Image transfer methods

* % ¥ *

Impact
- relief
- lithography

- gravure

= 8screen

*»

Non-impact

- electrostatic

- ink jet

- Graphic communication industries
* Publishing

* Film

* Art/advertising

* Packaging

* Commercial printing

* Commercial photography

Students collect examples of printing and, with

the instructor, determine method of image
transfer,

Students design individual stationery, givern
standard size by the instructor. Instructor
provides clip art and dry transfer letters
or Xroy-type. Use electrostatic plates, or PMT-
type plates to reproduce the images on an
offset duplicetor,

Students design an individuai project, such as
greeting card, game score card, poster, form,
or package. They begin with thumbnail sketches
and proceed through mechanicals. Using
available equipment at least 50 copies are

produced, using a film-baged reproduction system
(litho, screen).

Managing graphic ‘communication industries
- identifying a need

* Mass nedia
* Individual
* Product

Students survey the community to determine
types and numbers of graphic industries existing
locally. They may use the telephone directory,
or local newspaper to aseremble information.

Students visit a lucal commercial printer or
photographer.

3oz

tid
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CONTENT REPRESENTATIVE ACTIVITES TIME
- Establishing an organization Students survey market for a potential product.
* Structuring Identify specific goal.
* Employing personnel Class develops a product design and formulates
* Financial product direction.
- Designing a product Students plan production sequence, secure
* Research materials (after developing cost structure)
* Design and produce a product. The product might be a
* Testing (market research) ?rxnted piece, or individual photographic
images,
- Producing the product. Students develop a marketing plan, and deliver
* Procurement of materials the product
* Fabrication P '
* Quality control Students determine cost of product--material,
- Selling the idea over@ead, and labor costs-~-and recognize
profit and loss statement.
* advertising
* Sales techniques
- Balancing the accounts
* Accounting departments
* Profit and Loss statements
- Distributing the product
Graphic Communication System Impacts 5%

-~ Economic

- Values/Attitudes
~ Political

- Environment

Trends in Graphic Communication

- Historical
- Contemporary
- Future developments

09
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COURSE TITLE
"Electronic Communication Systems® (8136) 18 weeks
(Level IV -~ Medium and Large Schools) Crades 11-12
COURSE DESCRIPTION

The electronic communication course provides students with a
general introduction to contemporary communication technology
including telecommunications, hard-wired, cowputer, light, and
acoustic systems. An integral part of the course is an overview
of the products and impacts of electronic communication systems

and the nature of the commuunication industry.

COURSE OBJECTIVES: ,’[

At the end of the course the student will be able to:

1. Describe the rajor electronic communication systems.

2. Characterizeﬁfhé major components of electronic communication
systems,

3. Determine the nature and composition of the electronic
communication industry.

4. Conduct technical experiments in the ares of electronic
communications.

5. Assess the social/cultural impact of communication products

and technical systems.




CONTENT REPRESENTATIVE ACTIVITES TIME
Introduction to electronic communication Speak £ el . ., .
systems peaker of electronic communications %
- The nature of messages Demonstrate a variety of systems
- The nature of information signals ~ an overview
* Telecommunication systems
* Hard-wired systems
* Computer systems
* Light communication systems
* Acoustic systems
Telecommunication systems -
. "est radio signal distribution of walkie-

- Fundamentals of electromagnetism .

& talkies through steel, wood, cement, and water | 18%

* Magnetic fields of force
* Electromagnetis radiations
* Signal Transmissions

- Applications for telecommunication
systems

* One-way signal generation

- Radio and television telecommunications
systems (microwave, satellite)

* Designing the message
* Encoding the message
- transducers
- signal modulation
* Transmitting the signal
~ oscillators
- amplifiers
- an“ennas
- Duplexing/Multiplexing
* Receiving the signal
- detectors
* Decoding the signal

Fabricate a printed circuit board then
construct a crystal radio or an AM radio

Visit a local radio or TV station or a
microwave relay site

Using oread board demonstration pan2ls
demonstrate signal encoding, transmission,
receiving and decoding

€9
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CONTENT

REPRESENTATIVE ACTIVITES

TIME

- transducers
* Storing/Retrieving
- Magnetic tap: and disc

Hard-wired systems
~ Fundamentals of electron action

* Conductors
* Insulstors

- Application of hard-wired ayntéms

* One-way signal transmission
* Two-way signal transmission

- Voice and data communication systems
(telephone, telegraph, teletype,
facsimile)

* Encode the message
- transducers
- signal modulation
* Transmitting the signal
- wire (single & multistrand)
- Coaxial cable
%+ Information processing
- central processing unit
* Information output
- Central processing unit
* Inforaation output
- visur® display screen
- print.rs
~ plotters
* Computer interface
- human to machine
- machine to machine

Build an intercom using an audio amplifier IC

Visit computer sites in the business
community

Invite a speaker on computers in business
and industry

182




CONTENT

REPRESENTATIVE ACTIVITES

Light Communication Systems

- Fundamentals of light energy
* energy channel
* gignal transmicsion

Light Communications Systems
* interactive (fiber,optic)
* Passive (signs, flashing signals)

Light sources
* coherent light (laser)
* non-coherent light

Build an optical (infrared sensing)
communication unit

Invite a speaker from the telephone company to
discuss and demonstrate fiber optic communica-
tion systems.

Create a sound-modulated light communication
system with a transistor radio photovoltaic
cell, flexible film diaphragm, and flashlight.

Acoustic Communication System

- Fundamentels of acoustic energy
* gignal transmission
* tranemission media (gas, liquid, solid)

Sonic detection systems (sonar)

* signal generation and modulation
* gignal transmission and reception
* gignal decoding

Acoustic storage/retrieval
* mechanic (phonographic)
* magnetic (tape/disc)
* processes

- encode

- storage

- retrieval

- decode

Build a portable public address system using
LM380 IC.

Visit local fishing operation or hospital to
observe ultra-sonic devices in use.
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CONTENT REPRESENTATIVE ACTIVITES TIME
Electronic communication products Demonstrate and/or view common entertainment
- Entertainment products 5%
- Information/Data
- Detection Film
- Computations Speaker
- Data Exchange
- Control
i;eizz:nlc communication system Illustrate the paths of community/local 82
P microwave pathways and the telephone trunk
- Economic cables on a topographical maps.

* Workforce
* Market place
* National-global

- Values/attitudes
- Political

* Regulation and control
* Government provided communication
services

- Environment

+
Collect and discuss magazine and newspaper
articles which present coumunication system

impacts.

et
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CONTENT REPRESENTATIVE ACTIVITES TIME
Communication industr . . . .
y Design an electroni¢ communication message 15%
- Industry and society or service, then:
~ Organization of electron 1. Plan and design the message
unication industr . .
comm n y 2. Determine its cost
* Struct r ization ffi . . .
S? ucture, organizationm, staffing 3. Plan for its production
* Financing
* Legal 4. Produce it or provide the service.
- Creating communication/information 5. Evaluate its effectiveness.
* Designing
* Cost analysis
* Producing/generating/serving/products
* Controlling product quality
* Controlling finance and personnel functiog
* Distributing products
Trends in electronic communication Create 2 list of possible inventions in
. . electronic ¢ icati i i
* Historical le ommunications which we may see in 5%

* Contemporary
* Future developments

the next 20 years,

Speaker

* Invention/innovation
* Industrial developments

o 196
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COURSE TITLE
"edia Communications' {8145) 18 weeks
(Level IV Small and Large Schools) Grade 11-12

COURSE DESCRIPTION

The purpose of this course is to provide students with a general in-
troduction to the design, planning and production of media used in
contemporary society. The content links graphic communication with
acoustic and electronic communication, and allows the instructer to
build from a technical base, while evciting students with the reality
of producing media. The goal in the course is to produce a magnetic
cassette tape recording for eale to a local market. All phases of

design, planning and marketing are covered.

COURSE OBJECTIVES:

The course is designed to provide students the opportunity to develop

an ability to: ‘

1. Recognize the impact of mass media upon our society.

2. Classify contemporary technical communication systems, including
graphic, electronic, light and acoustic.

Follow through the steps of market resee-rch for a new product.

4. Develop advertising materials as & result of market research.
Understand and work with acoustic storage and retrieval equipment,
and materials.

6. Develop media material, as a result of market research.

Design and produce packaging materials.

8. Produce magnetic tape materials, following media material plans, and
using contemporary equipment.

9. Deliver a product to a market and evaluate the success of that

product.

12§
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CONTENT REPRESENTATIVE ACTIVITES TIME

Introduction Students & teacher select samples of each type

- Defining mass media of med}a, and discuss availability in the local
community 10%

* Print media

* Broadcast media

* Film & video tape media

* Recording media

- Social & Cultural impact of mass media Students monitor the number of minutes of

. s .

* a television generation television they watch.each.day c§1cu1ate the
percentage of commercial minutes in an average

* role models through media hour of TV

* influencing public opinion/values Students identify personal media hero/heroine,

* advertising as an opinion force c‘ass.p1cks two an? eva}uates character1st1c?-—
question the relationship of those characteris-
tics to reality
Class evaluates clothing--number of "trade" brand
articles
Class tests functional contents and operating
characteristics of name brand cleaner vs.
generic

Overview of technical systems

- Graphic Film

* Printing Tour a broadcast station, advertising agency

* Photographic or a commercial printer--stress the technical
system b) 4

- Electronic

* Broadcasting (telecommur;:aticon)
* Comput.ers

- Acoustic
- Light

I

gl
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CONTENT

REPRESENTATIVE ACTIVITES

TIME

Message Design

- Identification of a problem

* Sell an idea
* Sell a product

~ Market research

* Definition of need
* Examination of competition
( Audience demographics

- age, sex, socio-eco background, etc.

~ geographic concentration
~ buying patterns

- Message gynthesis

* Selection of a epecific message
( product contents)
* Selection of a medium of delivery
(in this course, the medium is given)

Students will design, produce and market a
cassette tape production. (School rock band,
musical play, comedy hour, Christmas
production, interviews, etc.)

Students brainstorm suggestions for an idea
or product to be carried on the tape.

Students define the audience, and then survey
that audience for evaluation (saleability)
of the above suggestions.

Students develop list of audience character-
istics into a basic planning sheet.

Students evaluate responses and compare
information gathered on need and existence
of competition.

Students select a specific content for the
tape.

152

Advertising

~ A design is developed to sell the
product to the audience.

- The design is prepared & delivered.

- The clear audience need is established.

Students develop a marketing plan.

Students design an ad to promote 4 forthcoming
product; they follow the steps in the

taxonomy related to the method of advertising
(e.g., if print, then image composition,
conversion, carrier preparaticn, transfer

and finishing).

8%
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CONTENT

REFRESENTAYIVE ACTIVITES TIME |

Acoustic Storage and Retrieval
- Storage material

* magnetic tape
* digitized computer memory

- Recording/playback systems

* mono/stereo

* track format

* cassette/reel-to-reel
* gound mixing

- Equipment Operation

Students visit a local radio station or local 15%
engineer visits the school-~focus is upon
organization of systems and recording media.

Students experiment with different recording/
playback syetems (mono vs. stereo) (1,2,8,16
track) (cassette vs. reel-to-reel) (sound
mixing via tracks).

Studenis erperiment with equipment controls,
using vatious sound sources to determine
equipment capability.

Record a '"test" track.

Message/Goal Planning

-~ Message refinement

* gcript levelopment
* evaluation and redesign

- Production arrangements

* accumulation of sound effect devices

* gelection of performers

* facility arrangements

* pricing and purchase of magnetic
cassette tapes

Students use information from market research
phase to actually prepare a "script' that will
be produced. '"Experts" are used to evaluate
the script or program and final refinements
are made,

12%

Whatever type of script or program was developed
students assemble devices for non-human sound
effects (might be music, etc.).

Students identify, audition, and select
performers.

As a result of experiments above with
different sound systems, and the study of
acoustic storage and retrieval (V-A, B & C)
students prepare or lozate a sould 'studio"
(might be “onsite").

Students determine from market plan how many
tapes they might sell, and then negotiate the
purchase of blank tapes.

i o
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* timed to advertising

* delivery matches market research
- Evaluation

* examination of audience reaction
* did it sell

* how to improve

Students evaluate the success or failure of
venture.

CONTE"' ™ REPRESENTATIVE ACTIVITES TIME
Packaging Students collect a variety of product con-
- The importance of packaging tainers (foF the same sort of product) and 202
compare design, usability, and sales
* as a container--considering product characteristics.
characteristics
* ag a sales campaign
* as a means of .stablishing product
identification
- Design Students analyze the characteristics necessary
* examination of market research results izcg:;§:g§ and sell magnetic cassette tape
* product characteristics gs-
* design of package Students produce design for package.
-~ Production Students produce multiple copies of tape
package (using available processes).
Production Students practice script both out of, and 1n
"studio" situation: erngineers test equipment 10%
- Rehearsal nd practice script sequence
- Equipment testing and p P q ’
- Recording Students produce recording using script or
- Editing program outline and available equipment to
- Reproduction of multiple copies from a nake a master recording.
master Students edit the master, as necessary, and
- Packaging .. . . .
use existing equipment to make multiple copies.
Delivgry & evaluation Students deliver the product to the market,
- Delivery to market following the marketing plan developed above. 5%

ERIC

Aruitoxt provided by Eic:
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INTRODUCTION TO CONSTRUCTION

The courses included in the study of construction
systems include all of the key elements associated with
designing, planning, and constructing a structure on~site.
The principal purpose of each course is to provide & meauns
for students to learn the major concepts assoclated with a
wariety of comstryction types. These include commercial and
residential buildings, bridges and pipelines. The emphasis
i8 on hands-on activitiesp using construction tools and
materials. . In addition, emphasis has been placed on the
relationships between the management and production elements
as an integral part of a complete construction system.

The introductory course, "Construction Systems,”
provides the initial §verview of all elements of a
construction system afd should be the first course students
complete in the construction sequence.

The course in “Constructing and Servicing Structures
and Systems” focuses on the construction practices basic Uo
the erection of commercial, institutional, and residential
structures and the installatiuon of mechanical and electrical
systems within these structures. This course should be
offered in small and medium programs.

The course “Construction Planning and Design,” which
should be offered in medium and large schools, focuses on
the development of understandings of the practices involved
in initiating, designing, \financing, and engineering

)
constructed works. This course, also, emphasizes the

future of the construction industry and the impact of

135

74




construction on the environment.

The courses in “"Gonstructing and Servicing Structures”
and “"Electro/Mechanical Systems™ allows the content from the
course “Constructing and Servicing Structures and Systens”
to be divided and enlsrged upon. This division is posseible
in large~sized schools because of increased enrollment and
more teachers.

“"Constructing and Servicing Structures” cnphaiizea the
construction and servicing of commercial, institutional, and
residential structures. "Electro/Mechanical Systems and
Servicing"” deals Primarily with the various mechanical,
electrical, and electronic systems commonly found 1in
commercial, institutional, and residantial structures.

I3y
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COURSE TITLE
“Construction Systems' (8116) 18 weeks
(Level III - All Schools) Grade 9-10
COURSE DESCRIPTION

The Construction Systems Course provides the students with a working

understanding of the key elements associated with designing, planning

and constructing a structure on-site. The prinicpal purpose is to have

the students learn the major concepts implied in the content elements

through hands-on activities, using contemporary comstruction tools and

materials. These usctivities should include a variety of types of con-

struction such as commercial and industrial buildings, bridges, &nd

pipelines.

concepts associated with each of the major content ulements as well as

interrelationship of all of the management and production elements.

For example, time restrictions will limit the selection and number

of activities in each element. Consequently, it is ;mportant that the

instructor not lose sight of the total input - process - output model

of a complete constiuction system.

Emphasis should be on student understaading of all the major

COURSE OBJECT!VES:

This course will enable the student to do the following:

1.

Relate construction technology to the broader context of industry
and technology.
Perform selected management practices in planning, directing,

and controlling as they relate to construction production systems.
Perform selected industrial relations practices as they relate to

a managed production system in construction.
Appreciate, understand, and perform selected production and
servicing practices as they apply to construction products.

Understand the interrelationships within and between construction,

140
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COURSE QOBJECTIVES (continued)

the environment, individuals, and society.

Appreciate and have some understanding of constructed projects
and the tools and materials utilized in their construction.
Develop an awareness of careers in construction technology.
Develop an awareness of the significance of construction industry
and technonlogy in the past, present, and future.

Develop responsible and safe work attitudes and the ability to

function as a member of a group.
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CONTENT REPRESENTATIVE ACTIVITES TIME
Research and Development Process Complete a simple construction design problem,
_ e e . . e.g. shelter for bus riders, tool shed, animal
Initiating the project shelter, playhouse.
- Developing the project 122
* Designing
* Engineering
-Implementing
Preparing the Site Identify a site, determine obstacles to be
- Clearing the site removed, determine the best way to remove
. . the obstacles and locate a structure on a site
- Surveying for construction . . -
using surveying instruments. 42
- Earthworking
Building the structure Construct modules which are representative of
_ . . the primary outputs of construction. e.g.
Setting the foundation Residential buildings, commercial buildings,
- Building the major structural pipelines, and bridges. 702

elements

Installing Utility systems (E.G. electrical,
plumbing, communication, HVAC,
transportation)

-~ Installing permanent utilities and
mechanical plant

- Providing temporary equipment

Management of site work will be integrated inta
these activities, and provide attention to
cost, materials and time.

Laboratory szctivities should include experiencé
with actual construction tools and materials
appropriate for each content element.

142
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CONTENT

REPRESENTATIVE ACTIVITES

TIME

(continued)

Enclosing the structure (rough
finishing)

- Preparing materiels
- Handling materials and components
- Assembling in place

Finishing the Structure (fine
finishing)

- Preparing subsurfaces

Preparing materials

Handling materials

Trimming

- Removing Equipment and Debris
Planning

- Formulating

- Supplying

Scheduling

Routing
- Storing

Organizing

Structuring

Supplying

Scheduling

- Routing

Storing

Mo

Y b
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CONTENT REPRESENTATIVE ACTIVITES TIME
(continued)
Controlling
- Monitoring
= Reporting
- Correcting
Completing the site Select a site and identify the steps which
~ Landscaping must be completed.
- Buildinpg features 22
- Shaping and finishing earth
Servic: ig the project Complete selected maintenance and repair
- Diagnosing/troubleshooting activities to module, home or simulator.
~ Repairing 12%

Altering
- Installing

- Maintaining

1‘1'f
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COURSE TITLE

“Structures and Systems" (8155) 18 weeks

(Level IV Small and Medium Schools) Grades 11-12
*ALS0 SEZ THE LARGE SCHOOL CONFIGURATION FOR STRUCTURES AND SYSTEMS
FOR ADDITIONAL ACTIVITIES.

COURSE DESCRIPTION

This course includes the construction practices basic to the erection
of commercial, institutional, and residential structures and the
installation of mechanical and electrical systems within these
structures. Students assume the role of subcontractor and manage the
work of their classmates for a portion of the module construction. At
other times they are working as a member of another subcontracting
crev. Work begins with the foundation. The structural system isg
erected. The mechanical and electrical systems are installed.
Finally the structure is enclosed and finished. Inaspections are
conducted at appropriate intervals and the necessary sgservice work

is performed. Near the end of the course gelected maintenance

and repair problems are simulated and the service work is completed.

A

COURSE OBJECTIVES:

Perform gelected production practices related to building
structures and installing mechanical and electrical systems.

2. Perform selected management practices in planning, organizing,
directing, and controlling as they apply to building construction.

3. Understand the interrelationships within and between management
and production practices as they relate to constructing and
servicing structures, mechanical and electrical systems.

4. Appreciate and analyze the use of tools as they relate to
building construction.

5. Explore career opportunities related to constructing structures

148
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COURSE

6.

OBJECTIVES (continued)
installing electrical and mechanical systems, and providing

services to these construction products.

Develop responsible and safe work attitudes and practices.

Lig




'@ @

CONTENT REPRESENTATIVE ACTIVITES

Building the Structure Introduce modules representative of

residential and commercial construction which
will be used as the focus of class activity for
most of the semester.

Practice reading drawings and specifications.

Procuring Organize the class such that each student has
a subcontract for some por~ion of the work on
one of the modules. This student will serve

Employing as the "contractor" for this part of the work.

- Subcontracting

- Specifying work rules Prepare lists of materials required to

. ach - .
- Selecting personnel complete e sub~-contract

. Obtain permits and materials.
Purchasing

- Ordering Organize work crews.
- Checking
Leasing

Obtaining licenses, permits, and
authorizations.

Organizing Schedule the sequence of processes for

- Scheduling congtructing each of the modules.

~ Routing

Setting foundations Assemble prefabricated concrete forms for

~ Making and placing forms module foundations.

. . Fabricate ana place rebar.
~ Setting reinforcement ricate P

. . . Mix, place, and finish concrete foundation.
- Preparing fcundation materials

151




CONTENT

REPRESENTATIVE ACTIVITES

TIME

- Handling materials
- Curing

- Removing forms

Remove forms

Controlling Inspect structural, electrical, plumbing, and
. . \
- Monitoring HVAC systems at appropriate intervals.
- Reporting Apply appFoprlate servicing practices to insure 2%
that quality standards are met.
- Correcting
Building the major structural Assembling the floor, we'l, and roof structure.
elements Note: At least some of these components
- Preparing materials would need to be prefabricated to insure that
* Layout tye module can be co?pleted in the available
time, e.g. wall sections or roof trusses,
* Cutting
- Fabricating components and temporary
forms 262
~ Setting reinforcement
- Handling materials and components
* Transferring
* Positioning
* Assembling
Introduce mechanical and electrical Tour the utility rooms/facilities in the
systems school to investigate where these systems are
located. How they operate, what basic 47

- Heating/ventilating/air conditioning

components are included, and the typical
ingpection and service requirements.

L
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CONTENT REPRESENTATIVE ACTIVITES TIME
(continued)
-~ Plumbing
- Transportation (elevators, conveyors, etc.)
- Electrical power
- Electronic communications
Installing electrical/electronic systems Each of the modules will simulate a different
- Reading schematic dravings tgpe 9f room. The electrical/electronic
circuitry necessary to serve each of these
- Service connection roome will be installed. For example, one
- Safet module may be equipped as an office, a second
y as a bathroom, the third could be a kitchen,
Installing circulating systems and a fourth may be a laundry room. 6%
- Installing permanent utilities and NOTE: These production practices/processes
mechanical plant will be applied repeatedly as each of the
. . systems is installed and serviced.
* Preparing materials & components
* Handling materials & equipment
* Fastening in place
* Connecting & joining
- Providing temporary equipment
Installing heating systems Each module may be assumed to have a different
. ) type of heating system, e.g. hot water,
Basic Types: baseboard, electric or steam.
- Steam NOTE: Students would assemble prefabricated
- Forced air components to install these systems.
. [y 4
- Hot water Same production practices as listed above.
- Radiant panel
- Solar (active)

| Y
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CONTENT REPRESENTATIVE ACTIVITES TIME

Plumbing systems The appropriate plumbing system will be
Basic tvpes: installed for each of the modules, This will

a ypes: include rough-in and fixture installation.
- Water supply Same production practices as listed above. ¥ 4
~ Sanitary sewer
- Storm sewer

* Installation of circulatory systems
Enclosing the structure Interior and exterior wall surfaces will be
_ . . enclosed and appropriate finish materials

Preparing the materials applied. This work will be "sub-contracted". 22%
- Handling materials and equipment
= Assembling in place
Finishing the structure
- Preparing subsurfaces
- Preparing materials
- Handling materials
- Trimming
- Removing equipment and debris
Completing the site Students will review landscaping plans for
- Landscanin several different types of structures and

ndscaping identify the processes required to carry out

- Building features one or more of the plans. 22

., 1h0
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CONTENT REPRESENTATIVE ACTIVITES TIME
(continued)
~ Shaping and finishing the earth
- Removing landscaping equipment and debris
Industrial relations Each stu: :nt “contractor' will be responsible
- Hiri to "hire" a crew to complete the work required
1ring by his/her subcontract.
- Training
- Providing benefi NOTE: Also, a series of activities inter-
roviding benelits spersed in the class will provide 62
- roviding career options students with the opportunities to
better understand how labor relations
are conducted within the construction
industry.
Servicing the project Complete selected service activities to the
. . . module or simulators.
- Diagnosing/troubleshooting 10%

Repairing

Altering

Installing

_ Maintaining
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COURSE T'TLE

"Construction Planning and Design"  (8146) 18 weeks:
(Level IV Medium and Large schools) Grades 11-12
COURSE DESCRIPTION

Construction Planning develops the students’ understanding of the
practices involved in initiating, designing, financing, and engineering
constructed works. To capture student interest and provide some
perspective for the remainder of the courses, ti.. student is first
introduced to the future of construction, This is followed by an
analysis of the impact construction has on our environment, and how

our man-made environment came to be.

CCURSE OBJECTIVES:

This course will enable the student to do the following:

3

1. Appreciate, understand and apply the construction design

process. -

2. TUnderstand the interrelationships between construction

technology and community development.

.

3. Develop an awareness of the significance of construction

technology in the past, present and future.

4. Appreciate and understand gelected production and management

practices as they apply to the construction system.

5. Appreciate and understand the interrelationships within and
betwr n management and production practices in the corsi action

system.

6. Explore career opportunities in the planning phase of

construction technology.

Fo0




CONTENT REPRESENTATIVE ACTIVITES TIME

15

Future of construction Have studert identify examples of innovative
constructic projects,

e
~?

Impacts of construction Using examples of construction projects
students will examine factors such as construcH
tion costs, environmental concerns, functional
design, aesthetics, and maintenance and

operating expenses. 11%

Introduction to technical processes, Activities could include identifying tools
materials, and equipment including a and materials and their applications.
historical perspective: '
- Basics of strucctural systems:

* Types

* Characteristics

* Materials employed
- Mechanical systems in the structure: 1%

* Water supply

* Drain, waste and vent

* Storm-water disposal

* Ventilating, heating and cooling
- Electrical system
- Construction methods:

* Joining various materia‘s

* Erection techniques

NOTE: This content would be integrated
into the study of design and engineering
of a structure. l

howd
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CONTENT

REPRESENTATIVE ACTIVITES TIME
Regulatory and economic considerations Examine the pros and cons of & current
community problem involving the construction
of a proposed project. 6%
Research and development process Begin the design of & construction project
- Initiating the project that will centinue throughout entire course.
) Students should work in design teams, and
* Formulating the problems should inciude a variety of
- Determining objectives construction projects, i.e., commercial,
. industrial, residential, bridges, highways,
* Stating goals and airports.
* Consulting
* Establishing project criteria
* Evaluating
* Describing objectives
- archi
Researching 61

* Locating data
* Retrieving data
* Describing data
o Drawing
o Reporting
o Classifying-Categorizing
o Defining
* Evaluating data
o Comparing
o Contrasting
0 Measuring against criteria

o Rating
* Forecasting




CONTENT

REPRESENTATIVE ACTIVITES

TIME

Administering the project
- Directing

* Coordinating

* Assigning

* Supervising

* Redefining
Project programming
- Evaluating

* Analyzing data

* Comparing

* Contrasting
- Szlecting

* Examining

* Eliminating

* ..Adnp‘t'ing

* Adopting
- Presenting

* Scheduling

* Diagraming

* Reporting

* Demonstrating

* Summmizing

Activities should focus on teim management
in the design and engineering of the
construction project.

22

Financing the project

160
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CONTENT REPRESENTATIVE ACTIVITES TIME

Financing the project (continued) Estimate probable costs based on *<bled values
for various types of construction,
- Appraising property

Estimating probable cost 4%

- Funding

- Documenting

Budgeting




CONTENT

REPRESENTATIVE ACTIVITES

TIME:

Developing the project
- Designing
* Evaluating concepts
-~ Evaluating the program

- Determining the functional
responsibilities

* Postulatiang solutions
- Scaling functional relatioaships
- Presenting solutions

* Selecting a solution
- Analyzing alternative solutions
- Appraising alternative solutions

- Evaluating alternative solutions

Present and critique alternative solutions

6%

Engineering
- Interpreting drawings & reports

- Establishing detailed design criteria
and standards

- Analyzing problems -~ proposal
* Grouping
* Classifying
* Identifying

- Estinating sizes - capacities
* Referring

* Comparing

Each team should complete design drawings and
a model with sufficient detail for presentation

to a prospective client.

43%

. 10y
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CONTENT

REPRESENTATIVE ACTIVITES

TIME

Engineering

(continued)

* Approximating

- Detail designing

* Standardizing

vyt
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CONTENT REPRESENTATIVE ACTIVITES TIME

Computing

- Calculating

L6

- Calibrating
- Appraising
* Experimenting

- Modeling

~ Building prototypes
~ Testing
* Preparing working drawings
- Scaling
= Dimensioring
- Nc ;ating
- Referencing and titling

* Securing approwv:

- Inspecting

_ Authorizing

- Specifyin
P ying Prepsrz sample specifications for major

* Preparing cutline specifications elem>nts of the construction project. 62

* Drafting finsl specifications

ImpTemetiting Design team interface with contractor and

- Contracting : client in preparation for coastruction with
emph.asis on such concepts .s:

Constructior programming 1. Types of contracts

Procuring

. ] 2. Sub-contracting
Supervising construction

3. Estimating and bidding




CONTENT REPRESENTATIVE ACTIVITES TIME
Implementing (continuea)
Financing
Bonding
Respensibilities of client, designer 3y

and contractor

Inspection

I79
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COURSE TiTLE
"STRUCTURES ARD SYSTE#S™ (8155) 18 weeks
(Level IV Large Schools) Grade 11-12
COURSE DESCRIPTION

Seructures and Systems élacen emphasis on the practices
employed to construct and service commercial, residential and

institutional atructures. First, the students study how the gite is
cleared, the structure designed, and the excavation conpleted. At
this point, students are divided into groups for the purpose of
constructing modules or small structures representative of commercial
and residential construction. Activities also include servicing
experiences to alter, repair and maintain the project. Students
will learn to read drawings, “take-off" lists of materials

required, schedule the construction sequence, and account for

costs involved.

/

COURSE OBJECTIVES:

This course will enable the stucent to do the following:
1. Perform selected production practices in preparing the site,
building ‘he structucre and servicing as they spply to

building construction production systems.

2. Perform gelected mancgement practices in planning, organizing,
directing, and controlling as they relate to building

construction prcduction systems.

3. Understand the interrelationships within and between management
and prodiction practices as they rclate to constructing and

servicing siructures. N
177
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COURSZ OBJECTIVES (continued)

4. Appreciate and analyze the utilization of tools and materials

in constructing and servicing structures.

5. Explore carezer opportunities releted to construction and

servicing structures.

6. Develop responsible and safe work attitudes aad practices.
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CONTENT REPRESENTATIVE ACTIVITES TIME
Preparing the site Establish batten boards for a given site
- Clearing the site using conventional surveying instruments.
* Providing temporary access and k24
protection
* Reducing obstacles
* Handling materials
- Setting of temporary facilities
= Surveying for construction
* Referencing to existing features
Ear-hworking Given a typical excavation problem determine:
- Mobilizing equipment =~ Excavation method
- Earthmoving - Volume cof earth to be moved 42
- Protecting existing utilities and - Sequence of operations
structures - Protection for existing utilities aul
- Shaping and stabilizing earthworks structures
Building the structure Introduction of moduies or small structure{s)
which will be used as a focus for class activity
for most of the semecter. 22

Practice reading drawings and specifications.

Procuriag

- Subcontracting

Prepare a list of materisls needed to complete
the project.

32
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CONTENT

REPRESENTATIVE ACTIVITES

TIME

(continued)

Employing

- Specifying work rules

- Notifying prospective emplovers
~ Selected personnel

Purchasing

- Writing detailed specifications
- Ordering

- Checking

- Claiming

Leasing

Obtaining licenses, permits and
authorization

Obtain materials, permits, and >rganize work
crew.

Organizing
- Scheduling
-~ Routing

Schedule the sequence of construction using
& CPM method.

22

Setting foundation

- Making and placing forms
* Building forms
* Assembling in place

* Treating forms

Build forms for foundation or complete other
similar concrete work.

22
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CUNTENT REPRESENTATIVE ACTIVITES TIME

- Setting reinforcement Setting *einforcement for foundation 12

* Cleaning and shaping

* Transferring and placing

* Supporting
Preparing foundation materials Mixing, placirg, and finishing concrete

* Treating for foundation.

* Proportioning and batching Form removal.

* Mixing
- Handling materials

* Transferring

* Placing

* Consolidating 3%

* Building-in inserts, anchors, ties,
and hangers

* Finishing

Bonding
* Preparing surfaces

* Joining

Curing

* Controlling molsture

Removing forms

-~ Finishing foundations

153
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CONTENT REPRESENTATIVE ACTIVITES TIME
trolli . . .
Controlling Inspection of building =t appropriate
-~ Monitoring intervals. 2%
- Reporting
- Correcting
Building the major structural elements
- P i 1 . .
reparing materials Building the floor, wall, and roof structural
* Layout systems,
* Cutting
- Fabricating components and temporary
forms
- Setting reinforcement
- Handling materials and components
* Transferring
- Hoistin
8 162

- Carrying
* Positioning
- Locating
- Bracing and holding

- Aligning

Placing
* Assembling
- Fastening

- Bonding

901
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CONTENT

REPRESENTATIVE ACTIVITES

TIME

Enclosing the structure

- Preparing the materials

* Laying out

Cutting

Forming

Making temporary form work

*
*
* Mixing
*
*

Fabricating components

»

Treating

- Handling materials and equipment

- Assembling in-place

Finishing the structure

Preparing subsurfaces

Preparing materials

Handling materials

Trimming

Removing equipment and debris

Complete exterior and interior of structure.

352

Completing the site

- Landscaping

* Building accesses

- Building features

Sketch a landscape plan for the structure.

k)4




CONTENT

REPRESENTATIVE ACTIVITES T'ME
-Shaping and finishing the earth
* Layout
* Earthmoving
* Preparing the surface
* Planting and surfacing
-Removing landscaping equipment and debris
Industrial relations A serles of activities will be interposed in
- Hiri the class time devoted to building the structure
ng to illustrate typical occurances which high-
- Training light indusirial relations practices.
- Providing benefits Such activities might include:
- Providing career ootions —Jurisdictional concerns 8%
1ding € P - Improper working conditions (this could be
related to laboratory clean-up)
- Joint trusteeships
- Hiring hall
- Apprenticeship program
- Non-union employment
Servicing the project Complete selected service activities to the
- Diagnosing/troubleshocting module structure, house, or simulator.
-~ Repairing
~ Replacing 162

- Adjusting
- Testing

-~ Disposing

189
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COURSE TITLE
“Electro/Hechanjcal Systems and Servicing"  (8136) 18 weeks
(Level IV Large schools) Grades 11-12
COURSE DESCRIPTION

This course includes an introduction to the various mechanical, electri-
cal, and electronic systems in residential, commercial and industrial
structures. Basic electrical/electronic theory and a study of
scientific principles applied to specific mechanical systems will be
included throughout the course. Basic consumer knowledge, and the
ability to make minor alterations and provide service to common
wechanical systems and electrical/electronic components will also be

included.

COURSE OBJECTIVES:

This course will enable the student to do the following:

1. Perform selected construction practices in installing and

servicing electrical and mechanical construction systems.

2. Perform gelected management practices; planning, organizing,
directing, and controlling as they apply to the installatiocn,
a3sembly and troubleshooting of mechanical and electrical

systems within the construction production process.

3. Understand the interrelationships wichin and among management
and production practices as they apply to the installation,
assembly and troubleshooting of mechanical and electrical
systems.

&, Analyze the utilization of tools, materials and diagrams
as they relate to the installation, assembly and servicing

of mechanical and electrical systems.

15§
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COURSE OBJECTIVES (continued)

5. Explere career opportunities i technologies related to

mechanicgl and electrical systems.

6. Develop responsible and safe work attitudes and practices as

they are utilized in construction production technology.




((‘

CONTENT REPRESENTATIVE ACTIVITES TIME

Introduction to mechanical electrical Tour heating and ventilating equipment room,
systems elevator shaft and investigate plumbing system
_ . . . . Lo of the school for the purpose of identifying

Heating/ventilating/air corditioning basic coniponents of the :nechanical system,
- Plumbing analyzing the functions o: each system and
- Transportation }earnxng about Fhe typical service and

in3apection requirements,

- ical i i i i . . . .

51:22;:ca generating and distributing Tour of an electrical generating and distribu- 3z

y tion system,
- Power generation and distridution Develop map of electrical distribution for your
- Electronic transmission community.
Basic theory of mechanical systems: Selected lab activities to introduce each
- Fluidics concept needed to perform the required work.
- Hydraalics
= Thermodynamics 5%
- Convection
- Heat Loss
- Conductance
Materials and toois used to install Selected activities in layout, cutting, joining,
mechanical systems: and testing practices for each of the materials
.. . should be introduced and integrated into the
- Piping materials
total course.

= Duct work 102
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CONTENT

REPRESENTATIVE ACTIVITES

Basic electrical theory:
- What is electricity?

~ Measuring electricity
- Components of a circuit

~ Types of circuits

Build, measure and troubleshoot basic
kinds of circuits.

Standard electrical componern s:
Distribution panels
Outlets
Switches
Fixtures
- Meter Loop
Weather proofing

Cable types

Some of this information will be incorporated
in lessons as the students begin to use the
materials to perform the simulated installation
of an electrical system.

Tour: Equipment room of the school for the
purpose of identifying basic components
and analyzing the functions of the
system.

Installing electrical/electronic systems:
- Electrical system design

= Schematic drawing

= Circuit calculations

-~ Service connection

~ Safety

Installing circulatory systems

- Installing permanent utilities and
mechanical plant

* Prepariug materials & components

* Handling materials

Simulators will be used to permit students to
inctall and service typical residential,
commercial and industrial systems.

NOTE: These production processes will be
applied repeatedly as each of the systems is
installed and serviced.
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CONTENT REPRESENTATIVE ACTIVITES TIME
* Fastening in place
* Connecting and joining
- Providing temporary equipment
1Ind 1 10n3: . e el . .
Industrial relations A series of activities interspersed in this
- Hiring course to illustrate huw these practices are
- Training carried out in the comstruction indust y.
- Providing benefits Such activities might include: 62
- Role playing hiring procedures
- Providing career opportunities - Discussion of training requirements and
opportunities in the mechanical and
electrical constructicn industry.
Consumerism: Activities shouild include experience in:
- Safe use of electrical power
- Cost effective application of electrical
power 62
- Purchase of electrical/electronic eauipment]
- Meter reading
Heating systems Assemble and experiment with mock-up of the
- Basic types basic types of hearing systems.
* . egs
Steam - Troubleshooting and servicing activities
* Forced air simulated with mock-up.
. - Mock-up of steam, forced air and hot
*
Hot and chilled water vater heating system. 10%

* Radiant panel
~ Insulation
~ Instrumentation

- Codes

- Cauges and meters required to evaluate
systems.
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CONTENT REPRESENTATIVE ACTIVITES TIME

€rt

- Installing circulatory systems

* Tnstalling permunent utilities and
~chanical plaant

oviding temporary equipment

Ventilation and pollution control systems

- Types
Using forced-air duct system, experiment with

= Designe ventilating problems and system servicing.

- Basic components
- Controls 7%
- Safety devices
.- Installation

- Troubleshooting
- Service

- Codes




CONTENT REPRESENTATIVE ACTIVITES TIME
Air-conditioning systems Selected activities should include:
- Design . . .
- Basic installation procedures of air-
- Components conditioning systems 5%
- Installation - Bfaic troubleshooting based on actual or
simulated system malfunctions
- Troubleshooting
- Service
Plumbing systems Selected acuivities should include:
- Types - Basic installation procedures of a
- Design typxcal.plumbfng.nyatem for a two story
commercial building.
-~ Components - Complete testing and inspection of a 15%
- Inatallation simulated plumbing system.
) ~ Trace plumbing system throughout a given
- Inspection structure.
- Service
Other mechanical systems Uaing simulation operate, test and service
- Fire and sprinkler systems a minimum of one system.
- Lawn sprinkler and irrigation
- Gas piping 32
- Swimming pool filtration
- Solar heating
- Elevators/conveyors
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TRANSPORTATION COURSES
*(INTECRATED TECHNOLUCY)
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INTRODUCTION TO TRARSPORTATION

The following course guidelines have been developed to assist
technology education teachers to introduce a transportation area into
their curriculum. The courses reflect transportation as a new area of
content and an expanding mission within technology education. This
does not indicate that all of what is being done in the classes 1is
vrong. It does suggest that curriculum expansion 1s needed to
adequately present the geometrically expanding nature of technology-—our

content base.

This view suggests that the areas of power, pover
mechanics and energy areas taught in mary programs are
subsets to the larger and more complex content area of
transportation. As an example of how these areas differ
from one another, we may examine a specific content focus
such as the reaé axle assembly of an rutomobile. In puwer
mechanics, gearing theory, lubricants, friction
coefficients, hydraulics, and other technical elements may
be studied. In transportation, hcwever, these concepts are
studiec along with  Thistcricel developments, technical
problems, bevel vs hypoid type differentials and their
relationships to vehicle center of gravity, vehicle speeds,
road designs, social implications of the super highwvay,
social and economic implications of road layout and design,
etc.

Expansion of the curriculum is the proper way to view
transportation classes. The mission 1is one.of teghnological

literacy using transportation as a vehicle to examine the

past, present and future tendencies of the field. This goal
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must be s8een differently than the technical 1literacy
emphasis of power, power wmechanics and energy classes. The
technological 1literacy goal of transportation includes
technical literacy with additional emphasie on the use and
impact of transportation technology by and om society.

The courses that follow were developed to help students
to become technologically literate. These courses were
developed for different sized programs--swmall, wmedium and
large. Course selection for small programs centered around
those concepts, which were fundamental to an understanding
of transportation technology. It is imperative, therefore,
that a program with limited enrollment be designed using the
small program model. If this requirement ?: circumvented,
knowledge gaps could develop at the advanced course levels.
These kncwledge geps will impede a student's ability to
synthesize advanced level concepts (or to see the total
picture). Likewise, the medium-sized model should be used
‘n developing courses for the appropriate technology education
enrollment level.

Finally, as stated in the preface, this document was
designed as a guide for curriculum development and NOT as a
rigid plan. Transportation technology concepts were first
identified, then content to develop these ~oncepts was
selected. Representative activities were developed around
this content. The concepts and activities are, therefore,
intimately related. 1f activities are changed for any
reason, the replacement =22tivity must do all that the
original activity was designed to do. Activity alteration
or deletion is appropriate only as long as content/concept
compatability exists.

The suggested sequence of transportation courses that
is outlined for each program size will be a highly ef{factive
part of a contemporary technology education program. If used properly,

the courses will help to develop technological 1literacy for all

students.
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Q COURSE TITLE
“Transportation Systems' {8126) 18 weeks
~ (Level II1 All sized schools) Grades 9-10
COURSE DESCRIPTION

A conceptualized study of transportation systems dealing generally
with the methods by which we move people and goods through various
environments. The environments studied will be terrestrial,
marine, atmospheric, and spafial with selected content from each

in a past, contemporary and futuristic perspective.

~ COURSE OBJECTIVES:

1. To develop in each student an awareness of the need and function

of transportation in society.

2. To develop a depth of understanding ‘into the technical, social

and environmental aspects of transportation systems.

3. To develop technical problem solving abilities and creative
talents using the transportation of goods, materials and

people as a central theme.

4. To provide students with an enjoyable experience in the study of

technology using transportation systems as a content focus-
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CONTENT

* Management of Complex Systems
- Maintenance

~ Goods Input Control

- Goods Output Control

- Goods Output Scheduling

List the changes that would be necessary on
the goods' moving system to make it suitable
for people to use.

REPRESENTATIVE ACTIVITES TIME
Discovering Transportation Graph forms of energy.
- Movement of people and goods and how List energy inputs to transportation systems
this need has changed over time in the past.
* Energy List energy inputs to transportation systems
~ Simple in the present and future.
- Complex Have students examine transportation systems
P and look up their &accepted energy efficiencies.
* L
Man's past versus Present and Film on oil exploration.
future transportation needs.
Film on o1l refinement.
Problem Solving Activity: 102
Students are faced with the problem of moving
5 1bs. of solid material from a tabletop to
the floor and back again. Use distance of
10 feet of floor spacing. Although time is
not a problem, energy input is. You must
use only simple forms of energy input to do
this job, build this system and make it
function well.
- Managing Transportation Systems Develop a semi-automated loading and
. unloading system for the bulk material moving
*
Management of Simple Systems system previously designed. 102
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CONTENT REPRESENTATIVE ACTIVITES TIME
* People-Oriented Systems Invite a person from a local transportation
- seats industry to your classroom to discuss the
. problem of scheduling, route designation, fare
- environment control evaluation, bills of lading, workers' skill
_ . . iyss requirements, maintenance, etc. This activity
special loading facilities should expose students to the complex problems
- special unloading facilities faced by the management personnel responsible
for the operation of modern transportation
systems.
A general Introduction to the Environmental List the various types of transportation
systems that require roads in order to operate. 102

Mediums and Modes of Transportation Systems
- Terrestrial

* Road Transportation Systems

early road systems
Toll roads

the cost of roads

safety on the roads

Using a state, county and/or city map,
examine the road systems in your area. Find
out who pays for these roads to be built and
majntained.

Find the clos~st toll road to your school.
Find out where the money from this route
goes.

Have a policeman visit your class and talk
about the problems faced by law enforcement
officials in keeping the roads safe and
orderly.

.
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CONTENT

REPRESENTATIVE ACTIVITES

Major Activities:

Each group of four students should examine an
automobile and a bicycle. Do this at separate
times. List the six technical sub-systems of
the automobile and the bicycle and compare them
for similarities as well as differences.

Examine more carefully the arresting portion
of the control system for each vehicle.
Identify the arresting portion of the control
system for each vehicle. List the most
significant technical differences between
these systers, and explain why they could

,not easily be interchanged.

* Rail Transportation Systems
- Right-of-Way Construction
Obtaining of Right-of-Way

- Rail Transport in America

Train Control Systems

Examine & map of the United States with a1l the
major rail lices listed on it. Determine the
factors that have caused railroad rights-of-
way to be located where they are.

Find out why your town does or does not hsve a
rail line.

Show a film available from the Advertising
Departwent of General Railway Signal of
Rochester, New York, entitled The Railroad
Signal. Discuss the major advantages of
fu!;y interlocking block sigial systems. A
walk along a block of a real road pointing out
roadbed constructicn, rail insvlation, etc.,
would be most appropriate,

72
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CONTENT REPRESENTAYIVE ACTIVITES TIME
* Pipeline Systems Mark a United States map with the major
- . pipeline routee in this country. Furthermwore,
Construction identify commodities shipped by these routes.
- Study of Commdities Build a pipeline from k" PVC pipe that has at
- shipped by Pipe least three 90 bends in it and travels a total 102
C pinali . . distance of about 15 feet. Using pitch changes
Pipelines 1n America in line and a constant feed column height,
- Operating a Pipeline System check pressures along the line.
With the above system, operate it as a slun:
line varying liquid (specific gravities) and
solids (size and specific gravity). Measure
liquid and solid volumes at varying slopes
vith various fluids, and find an optimum
combination.
- Marine Identify the major inland water routes in the
* Inland Continental United States, and nawe six
commodities that are shipped by these routes. 102
- Commodities

- System Operation

- Navigation

Build a scale model of a river barge.

(Scale %" x 1'). Build it to carry 9 lbs. of
sand. Consider minimum channel depth of

15 feet. To scale, this is only 7%" of water.
Build the barge so that you alvays have a

1 foot channel clearance.

Build a model of an actual inland water-way
with channel markers, navigation lights and
a functioning lock.
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CONTENT

REPRESENTATIVE ACTIVITES

* Transoceanic

List five commodities available for purchase
in your town that most likely came from foreign

- Commodities countries by ship. Also, find out the

- Navigation packaging techniques that were probably used to
ship these items, 5%
Build a model of a cargo container.
Look up and discuss the methods used in
transoceanic navigation.

- Atmospheric Define lighter-than-air craft and heavier-
. . than air craft. Desc ibe the major differences
* - -

Lighter ?han Air Systems and major features of lift and control systems

- Wind Current Navigation for each.

- Maintaining Buoyancy Construct a hot air balloon and fly it. From 10%

- Control of Lighter-Than Air Craft

your experiences with this activity, draw
some conclusions about safety of operation
and the control of lighter-than-air craft.

* Heavier-Than-Air Systems
« Navigation Systems
- Physical Flight Systems
- Ground Support Systems

- Federal Aviation Administration

Plot a course on & low altitude sectional
chart.

Construct. an airport with runvays, taxiways
etc. Show concern with detail. Model an
actual airport.

Visit an airport on flight service station.

Invite a Fixed Base Operator or an FAA Official
to speak to your class.

(contitued next page)
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CONTENT

REPRESENTATIVE ACTIVITES

Invite an airline official to speak to
your class about the problems of operating a
passerger and cargo transporting airline.

- Spatial
* Navigation Systems
* Manned Spacecraft
* Unmanned Spacecraft

* Support Systems

Show a film on space navigation.

Ask an astronaut to speak to your class
avout his experiences in space.

Build a wmodel rocket and fly it.

Examine and discuss the various types of
facilities needed to launch and retrieve space
vehicles.
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COURSE TITLE
“rechnical Elemente of Tranasportation” (8176) 18 weeks
(Level IV all-sized schools) Grade 11-12
COURSE DESCRIPTION

A study of the technical elements that make up contemporary, complex
transportation systems. The actual methods by which movement is
produced, guided, directed, and controlled will be studied. Both

the discovery learning and directed research approach will be used

to guide the learning processes zn this course.

COURSE OBJECTIVES:

1. To fsmiliarize students with the technical means by which

humans accomplish the acts of transpccting.

2. To provide students with an opportunity to work with actual

components commonly found in transportation systems.

3. To develop a general appreciation for the highly technical

and complex nature of framnsportation technology.
/

[

124




-

CONTENT

.REPRESENTATIVE ACTIVITES

Propulsion Systems

- Horsepower Calculations

Set up a simple experiment in the clagssroom
where students move material in a specific
amount of time. Have them calculate horse-
power values for their efforts. (competition
encouraged )

Major Acitivity:

Test various engines and fuels doing dynamometer
tests. Depending on how sophisticated you

want to be, you may conduct thermal analysis
tests measuring air and fuel ratios with
horsepower output, etc. Emmissions tests may
also he conducted to draw parallels between
specific ener,y type, syst-us, efficiencies,

and pollutants.
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CONTENT REPRESENTATIVE ACTIVITES TIME

Fnergy Converters Conduct specific gravity tests on Jarious 102
fuels and calculate their weight per unit
volume and energy capacity per unit volume.
Using a basic automobile efficiency figure,
calculate fuel tank sizes for given tank/
mileage requirements. Also predict BTU/1b. vol-
umes of specific fuels from specific gravity
figures.

- Internal Comtustion

Disassemble, clean, inspect, and reassemble
a 4-stroke cycle engine in groups of 4
students each.

Disassemble and inspect a 2-stroke cy:le
engine, and involve students in & discussion
of the advantages and disadvantages of
7-stroke over 4-stroke cycle engines.

- External Combustion Build from kits small reciprocating steam

engines. (high pressure type)

Collapsz a can using heat and steam. Dis-

. . . 1C%
cuss the operating principles of the
atmospheric steam engine.

Discuss the concept of vapor pressure, and
use a can of Freon.to demonstrate the
advantages of using €lourocarbons as a
working fluid in expansible-chamber gas
engines.

Build a small boiler and also a simple turbine
blade. Use an electronic tachometer to
monitor speed. You may even want to

build a small dynamometer to test horsepower
output.

Ay
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CONTENT

REPRESENTATIVE ACTIVITES

TIME

- Flectrical

Build a simple primary and a simple secondary
cell. Have students explain thoroughly the
differences between these tws unita.

Build a small electric motor from paper clips
and enameled wire.

Remove battery pack from a spent film cartridge
for a modern polaroid camera. Solder a

light bulb to the terminals and calculate
energy wasted in throwing the battery pack
awvay after the film is used. Base data on
length of time the bulb stays lit,

52

Drive Systems

- Mechanical

- Hydraulic

Using either teacher-created or purchased
experimenter kits, study the field of gearing
theory through experimentation.

Disassemble and study the rear axle assembly
of an automobile. Do this as a group.

Discuss basic fluid power applications for
drive systems. You could demonstrate

the principles of hydraulic motors using either
a test bench, or you could create your own
testing systen.

102
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CONTENT

REPRESENTATIVE ACTIVITES

TIME

- Air Suspension Systems

- Water Suspension Systems

- Magnetic Suspension Systems

Using an air bearing system with either com-
pressed air or even a vacuum cleaner as a

pressure supply, build an air cushion support
system. Study the advantages of air cushions

in transp~rtation systems.

Build test giiders. Use airfoil design as
the major variable.

Study the.pr:sent applications of hydrofoil
technology. You might build a water sluice
with various designs of foils and test lift.

Build permanent and electromagnetic lift
systems. Check weight versus energy input
in each system.

Control Systems

- Arresting

Study and compare the flaps of an aircraft

with the brakes of a car and the rudder systen

of a boat., Laboratory equipment to conduct

this comparison could be built. In fact, for

the airfoil, one might use the wind tunnel
previously built to study induced drag.

Examine and discuss the arresting systems on
a number of common transport systems. Do
some hydraulic calculations using the F = PA
equation, and study its reiationship to
stopping a vehicle.
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CONTENT

REPRESENTATIVE ACTIVITES

TIME

- Rybrid Drive Systems

-~ Drivetrain Maintenance

Disassemble, inspect and reassemble a simple
2-speed automatic transmission from an auto-
mobile. Do this as a class and perfornm
calculations on fo.ce, area, clutch size,
speedometer drive gear ratios, and any number
of similar activities.

Have a service manager from a local automotive
agency come and speak to your class about new
types of transm “sion and drive systems being
used for automotive applications.

Suspension Systems

- Mechanical Suspension

= Fluid Suspension

* Air Suspension Systems

List advantages and disacvantages of various
types of wheel suspension transportation
systemns,

Study the construction of bias ply and radial
tires by having students cut apart various
types of tires. A research report should alsc
be conducted with this activity,

Study flanged rail wheel systems using model
railroad cars of the "S" gauge-type for
examples.

Build s small wind tunnel and study the
various aspects of airfoil technology.

122
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CONTENT

REPRESENTATIVE ACTIVITES

TIME

- Directional

- System Control

Build a small boat and study how a rudder
system works.

Study sileron and ruddar operation with
regard to model gliders.

Have an indivicual from a transportation
industry talk about the problems of controlling
the operation of the transportation system
with which he or she is associated.

Guidance Systems

- Guideway

Study and compare the unique differences
between highway, rail, tube, canal, cable,
and monorail systems. Divide the class
into groups and have each group build a
guideway like one of those discussed.

Build a tube flight transportation system.

Use a .020 model aircraft engine with 3-3/4"
prop fixed to a wooden dowel. Fly in P.V.C.
tube or old rug tube. Work on turns as a
problem solving activity. Also, attitude

ad justment and maintenance for problem solving.

Study early canal systems and build a model
of canals that move goods from one level to
another.

122
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CONTENT

REPRESENTATIVE ACTIVITES

TIME

- Guidance Methods and Mechanisms

Study VOR systems fer air transportation.

Study block sigaal systems for railroads by
either building a model railroad system
that is automatically controlled or by
visiting a railroad.

Develop a lavoratory activity whereby a
micro processor unit is used to control
a model transportation system. (Even a
model robot system could serve this purpose.)

Study the methods of channel marking and
navigating through inland watervays,

Build 2 traffic light, study the reasons
behind color selection; and, as a class,
obecerve the flow of traffic in a place
where two or three lights in sequence are
involved. Ask students to identify the
problems with building systems of this type
that serve people efficiently.

Structure Systems

-~ Vehicle Structures

Build models of various frame designs for
automobiles and compare them for strength
and practicality.

Build models of frawe desipn for aircraft
and look at the differences, similarities
and advantages of each.

IET
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CONTENT

REPRESENTATIVE ACTIVITES

TIME

- Vehicle Structures

- Guideway Structures

- Structural Suppcrt Systenms

Study hull structure of ships and explore
the physical reas s for why concrete and
steel ships can be nade to float in water.

Discuss multi-right-of-way usage and prepare
a model of a transportation system in a town
where road rights of way can be used by two
or more transportation modes.

Build a model of various types of bridges.
Have the class divide into groups, and ask
each group to select a diffcrent type of
bridge support structure to model. Compare
material requirements, advants-2s and dis~
advantages of each type of structural
system modeled.

Build a model of 2 multi-modal terminal
facility. Divide the class into groups and
allow each group to choose different modal,
interfaces; e.g., marine-truck, truck-train,
remote land location-bulk, terminal-barge,
etc. Study the problems common to materials
handling, modes, and terminals.
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CONTENT

REPRESENTATIVE ACTIVITES

TIME

Support Systems

~ Personnel

- Regulation

- Operational Management

Study the various aspects of automatic fare
collection systems. Examine magnetically
coded tickets, study contempo.ary systems on
which they are used, and the effects such

fare collection systems have on transportation
system employees.

Study the types of employment opportunities
available in 2ny number of transportation
industries. This uay be done by students
as groups, in lecture, on field trips, or
any combination of the above.

Study the makeup and authority of the
following agencies: F.A.A., C.A.A.B.,
F.R.A., I.C.C., N.A.S.A., U.S. Coast Guard,
Aray Corps of Engincsrs, Department of
Transportation, and any transportation
related state agencirs. Invite a state
official to speak to your class on the
topic of carrier regulation.

Plan a route for garbege collection in
your town using a minimal spamning tree
wodel. Emphasize how important it is to
cousider such things as environmental
factors, economic factors and Community
factors in designing such a system.

62
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COURSE TITLE
"Planning and Designing Transportation Systems' (8185) 18 weeks
(Level IV Large Schools) Grades 11-12
COURSE DESCRIPTION

An aralysis of the transportation system and its associated
technologies as it relates to the urban, intercity and international
needs for moving people 4nd products. The course is designed to show
the interrelationships between a transportation system and the
economic, social, political, and environmential systems of a

region and to illustrate that the results of &ll individual

decisions by users and providers constitutes the demand for

transportation.

COURSE OBJECTIVES:

Upon completion of the course, students should be able to:

1. Provide an understanding of the scope and role of tramsportation
systems designed to provide mobility and accessibility based
on the needs of individuals and societies.

2. Analyze the importance of transport system planning by
identifying the optimal system including: (a) system objectives;
(b) system constraints; (c) system inpu. , (d) operational
characteristics; (e) system outputs; and (f) environmental factors

3. Illustrate how transportation systems relate to the movement of
products and individuals through the: (&) number and types of
transportation modes and vehicles available; (b) accessibility of
the networks to potential shippers, receivers or passergers;
(c) operating policies of the modes, types of service offered
and the economic imperatives.

4. 1ldentify the parameters that need to be considered in the planning

of transportation systems to provide: (a) adequate service, (b)

minimal adverse environmental impacts and (c) efficient

resource utilization.
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CONTENT REPRESEMTATIVE ACTIVITES TIME

GET

Transportatior . A Human Endeavor . . .
P Identify the needs for tramsportation in

- Elements of Transportation your own community as they relate to: 8%
* Human Mobility - journey to work
* Transport Activity - social interaction
- Journey to work - recreation
- Social interaction - movement of goods and material
- Recreation

Determine how much energy is used by your
Movemerit of gr yds and materials travels. Analyze the type of energy that
predominates your life style, the transportation
systems through which that energy is trans-
- Natural Elements mitted, the forms it converts into, and the
ultimate benefits or drawbacks your conventional
traniportation patterns exact on society.
Finally, deteraine if there is a better way for
you to transport yourself. Describe that

* Personalized/Private Passenger method--pe: 1ps design the specific equipment
needed tc implement your plan. Then describe
how it will affect all who are associated

* Transport Carrier (Freight) with your plan.

* physical Elements

- People-made vehicles a~d structures

Classification of Tramspor :tion 3ystems

* Public Transit (Passenger)

- Cozsmon
- Contract
- Private
~ Transport Users
* Consumers
* Industrial

* Government

239 ®
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CONTENT AREPRESENTATIVE ACTIVITES TIME
Urban Transportotion Planning Parameters Obtain & city or regional transportation plan
- Urban Travel Demands in your locale and determine the type of 6%
. . . travel demands.
* radial-type along corridors focusing on ]
the central business district - Radial type
* circumfereniial travel between - Circumferential travel
activities lucated in the suburbs - Residential travel
* travel within residential areas. . . .
e ] - Central business district
* travel within the central business .
district - Travel to and from major activity
* travel to and from major activity concentration
concentratious not located within the
central area, such as airports, etc.
Functional System Classiiications Visit a local public transit system to
* ] observe the operational elements involved
personalized (random routes: express- in scheduling guideway usage, system control 8z

ways, arterials, collectors, and
local roadways).

automobile

motorcycle

bicycle
- taxi

* public transit systems

- mass rapid transit-transport tech-
nologies: fixed guidevay, fixed
station spacing; fixed vehicle
routing and fixed schedules.

- personal rapid transit-technologies:
fixed guideway, fixed off-line
stations, fixed or flexible vehicle
routing and scheduling

elements and terminal operation.

etc.) the system requires and the approxi-
Propose

a plan for reducing the cost per unit mile

mate cost per unit mile of service.

of service.

Identify
the type of inputs (energy, money, labor,

Design a passenger compartment for a bus

that is more appropriate for present
than that which presently exists.

design.

service
You may
wvant to select & school bus as 8 model for

"y
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CONTENT REPRESENTATIVE ACTIVITES TIME

- bus systems: express and demand-

responsive
- dual-mode systems: dual-mode
transporter and dual-mode vehicles.
* Stationary transport systems Design & moving sidewalk. Determine where it

- elevators would most appropriately be used, its traffic

density factor, why it is used, and what some

- moving sideways of the viable alternatives to it would be.

- escalators Build a model of the design if time permits.
Transportation systems operations and o -
m‘:“;::::ﬁ:in of personnel Build a roundhouse and turntable for a medel

g P railrcad (1930s vintage). Have students
* Scheduling of vehicles determine why roundhouses are no longer needed
* Guideway usage by modern railway systems. 8%
* Control systems
* Terminal operations

- automobile terminals (parking)

- transit station terminals

- bus terminals

- rail terminals

-~ commodity terminals/warehouses

- airport terminals
Urban transportation environment Find a place in your town where there is a con- 62

* Direct problems
~ rraffic congestion
- safety

- environmental quality

stant ‘raffic problem (congestion, noise,
poiiution, accidents, etc.). Study the area and
make recommandations for resolving the probiem
identified. If possible build models of the
area before and after your recompendation are

implemented.

243
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CONTENT REPRESENTATIVE ACTIVITES TIME

- energy costs

- economic efficiency

- high user cost

- lack of privacy

- inadequate capacity

- high facility cost/low return

* Indirect problems Locate an area in your town which is unsightly
due to transportation systems or activities.
Redesign the system to make it more pleasing

- space utilization and at the same time functional for the

user. Build a moc21 of your design.

- esthetic quality

- urban growth problems
- housing patterns

- air pollution

- level of noise
- inordinate changes in land values

- unequal impact upon the elderly and

handicapped
Modeling of transportation systems
* Projection of future regional land Design a transportation system that will allow 5%
use variables handicapped people access to a public transport

system. (do not clarify to the students the

- population range of handicaps to be accommodated.

~ employment

" - land use development

Intercity Transportation Planning Parametefs Visit a local manufacturing plant and study

for passenger carriers its transport operations including:
S

8E1
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CONTENT REPRESENTATIVE ACTIVITES TIME
) * raw materials received Q
~ business/industry * products produced
- social * products packaged
- recreational * products shipped out
Distribution of materials and products Calculate the total cost of a commodity
(consisting of price at origin plus transgport

* r aterials to manufacturing plant - . P .
aw mate &P cost) and 1ts relationship to place utility, 6%

* distribution of products to main

. . Select a particular transportation system
station points p 4 y

(such as that of a model firm) and describe

* delivery to consumer in detail how che three functions-mobility,

Functional system classifications controlled }ocomotion and cargc protection--
are accomplished.

* personalized (highway) Select a particular mode or transportation

- automobile system and analyze the following components

- motorcycle 1ncluding:

* contalners
- trucks

* ;
* Mass and bulk carriers vehicles

. . . . * a hd 8
- railway (conventional & unit trains) way link

* way interchanges
- trucks y g

- pipeline * terminals and operation plan

Identify three major raw materials such as
coal, petroleum, limestone, etc. available
- water/marine transport in your state and determine the location
and mode uged to ship them in the United
States.

~ bus transit

- atmospheric transport
* Intermodal/multi-mode systems

- piggyback

- pallet type train

* Interfacing transport mcdes

o 47 ok
iic @ ® 5 @
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CONTENT REPRESENTATIVE ACTIVITES TIME
- Transportation system planning and Assume your parents own a large tract of
operation land and a power company wants to build & 6%

* highway construction § maintenance
* railroad right-of-way

* pipeline installation

* control/guidance systems

* airways and airport operation

- Transport carrier operatione and
planning

* points to ve served

* routes to be operated to connect the
point

* gchedule on routes
- vehicle type

accomodations

capacity

special services (tour packages,
warehousing, etc.)

- Intercity transpcrtation environment
* traffic density
* gafety
* economy
* energy intensiveness of modes
* right-of-way land use
- surface modes

- air modes

power transmission line across your land.

In this context explore the concept of
"right of eminent domain" and design a
power line which has the least impact on the
property, (a map of the property would have
to be furnished showing location of roads,
streams, buildings, etc.)

Using the above assumption, the class could
be divided into groups with each solving a
different problem:

a pipeline

- a new state highway

a railroad

general aviation airport

- etc.

i Y
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CONTENT REPRESENTATIVE ACTIVITES TIME
~ subsurface modes
* Managing the systems
International Transport Systems -
- Passenger modes Identffy a prqduct recelved.frOm overseas 3%
that 1is used in your communlty and determine
* Marine the means by which it is being transported
* Atmospboric from its point of origin to where it is
being consumed.
~ Freight carriers
* Marine
= bulk
~ unit
* Atmospheric
Transportation System Technologies
- Networks Plan and design &n ideal transportation 8%
system for your city or region taking into
* Links consideration the geographical layout,
* Modes population density, location of the central
business district, and other high activity
* Physical travel way concentration areas such as airports, etc.
_ . Build a scale model layout of the svstem
terrestrial on a 4x8 sheet of plywood depicting each
- marine mode by its:
- atmospheric * Guideway
-~ space * Vehicles for each mode

-~ Vehicle consideration
* Passenger and cargo space
* Propulsion system

* Guidance system

* Parking lots

* Terminals/point stations
* Control units
*

Other components

o
i LY s
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CONTENT : REPRESENTATIVE ACTIVITES TIME

* Control systems

* Structures
* Suspension
~ Terminals/Wayside facilities

* Loading and unloading area and
systems

* Storage area

* Maintenance area and system
- System control

* Physical

* Legal and governmental

* Managerial: policy and budget

Transport: Covernmental Organization

- Acquire information on the various
- City “ransportatiun governmental organization 5%
(city, state and national) and prepare
organization charts for each. Also,

- State describe the type and degr2e of control
each agency has over the various
transportation system.

- County

-~ Regional

National (United States Department
of Trangportation)

* Federal Highwa, Administration
* United States Coast Guard
* Federal Railroad sadministration

* Federal Aviation Administration

* Urban Mass Transportation
Administration

—
£
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CONTENT REPRESENTATIVE ACTIVITES TIME
Transportation and the Future Design and construct a vacuum tube transport
= Automated highways system that employs a variable air pressure
as its force producing medium 26%

- Intercity gravity-vacuum tube transit
= Multi-modal capsule svstems
= Electtic propulsion
* Linear induction motor
* Battery-powered electric vehicles
* Hybrid propulsion systems
= Flywheel propulsion
= STOL and VTOL atmospheric systems
= Transportation/communication trade-offs

= Space vehicle travel

Obtain a linear induction electric motor
(for example an electric curtain rod) and
construct a transportation system with
linear induction propulsion

Desi~n and construct a hybrid "Go-Cart".
Utilize a small gasoline engine and an
alternactor for charging a storage battery
that drives a starter motor connected to the
rear axle., Analyze the benefits and problems
associated with thig type of system.

O
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COURSE TITLE
‘ "Human and Product Transporting Systems" (8186) 18 weeks
- (Level IV Medium and Large Schools) Grades 11-12
COURSE DESCRIPTION

This course is designed to teach students the differences, as well as
the gimilarities, between the methods of transporting goods and/or
people from one point to another. It is intended to clearly point out
how the nature of the commodity being shipped affects the design, route,
efficiency, control, servicing, and operation of the vehicular system.
As in the technical elements course, both the discovery learning and the

directed research approach will be used %o guide the learning

process.
. COURSE OBJECTIVES:
~ 1. To familiarize the students with th2 variations in cost of

transporting people and goods from one point to another.

2. To familiarjze students with the way in which transportation
syste~= have affected social changes and patterns in our society.

3. To familiarize students with the unique demands products place
on the design and operaton of transportation systems,

4. To familiarize students with some of the reasons why new
technological developments actually replace old technology
(even though we may love the old technology dearly).

5. To associate students with the recponsibility a government has
to its people with regard to their safety, welfare, economic

stability, legal rights, and psychological well-being with

specific regard to transportation systems.
6. To act as a synthesis level course in Industrial Arts by
providing students wich the opportunity to discuss contemporary,
‘ technical and social problems facing our people today; and in so

doing to develop a higher level of technological literacy.

| e 7. To force students to recognize that all technological endeavors
yield positive and negative side effects.

Y




CONTENT

REPRESENTATIVE ACTIVITES

Transportation-~Routes in Conjunction

with Mode, Medium

and Commodity.

Water; the low cost guideway with
geographic limitation.

Roads; .erving the motor vehicle
population.

Rail; bulk or mass movement for both
people and goods.

Air; the natural guideway with no
geographic limitations.

Pipelines; the high cost but high
volume system for moving raw
materials of certain types.

Space; the medium for unlimited travel
that has most heavily taxed man's
abilities with regard to control,
support, guidance, propulsion, etc.

Study the inland and intercoastal waterway
system in North America.

Identify commodities that are shipped by
water. Determine why this method of
transportation is used for such commodities.
Follow the entire intercoastal water svstem
on a U.S. Map.

Look up W. F. Ogburn's analysis of city
growth patterns. Compare these patterns
with specific cities in your area.

Examine your town and try to determine how
the transportation system developed.

Make a proposal for a major improvement of

the transportation system in your town.

This improvement may be economic, environmental
social, or regulatory in nature (groups by
mode) .

Analyze your family's needs and determine
(within your criteria) the most practical

automobile for your family to own. Det~tmine
why your family owns the vehicle(s) it does.
Furthermore, determine how cost effective
that vehicle is for your parents.
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CONTENT REPRESENTATIVE ACTIVITES TIME

Identify the advarrages and disadvantages
of your family taking a vacation by airplane
versus by car. 1Include cost and convenience
and personal preferences in your analysis.

Prepare a proposal for transporting people
by pipeline. Include in your proposal
skeiches of the system you sugges* along
with solutions to some c¢f the uniqyue tech-
nical problems encountered (model may be
built). (As an example of a personal
capsule transport system, you may present
the self-adjusting capsule elevator in the
St. Louis Arch).

Visit a set of railroad tracks near your
school. Examine rail joints, rail flex
as a train passes, block signals, rail
condition, rail defects, roadbed con-
struction, etc. Discuss the problems of
moving people and goode on a rail system
that looks like the one you examined. (You
may use Sperry Rail Defect Manual, Sperry
Rail Service, Danbury, Connecticut as a
guide to analyzing rail defects, and
digscuss the implications of the defects
you find to passenger train safety.)

Draw conclusions on your observations
regarding the shipment of goods versus
people by rail.

1N
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CONTENT

REPRESENTATIVE ACTIVITES

Major Activities:

On a U.S. highway map that has the Interstate
Highway System, have groups of students plot
the major air, rail, pipeline, and water
traffic routes used by common carriers and
private carriers in this country. Have each
group work with one mode, (i.e.,rail, air,
etc.) and identify a reason for particular
route patterns as well as common commodities
that follow that route. People may be
vieved as a commodity, and an air flight
from San Francisco to Hawaii would be a
heavily traveled route. Reasons for this fact
would be water surrounding the island, vacation
and tourist resort, etc. In this section

the concept of "value of service" versus

cost of service may be explored. Citrus
fruit production in Texas, Florida and
Southern California to Northeast and North
Central markets would be a good commodity ex~
ample. Also, gulf coast cil via pipeline

to the Northeast would provide another good
example.

Build models of specialized containers and
transportatior. vehicles for shipping particular
products. Rail refrigeration cars for
berries, fruit, ana corn versus hopper cars
for portland cement, etc. Intermodal
container design along with specialized
container handiing equipment may be
constructed by groups in this section.
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CONTENT REPRESENTATIVE ACTIVITES TIME
Transportation for place utility-- Present and study Weber's theory of industrial
location and kis product classification 25%

industries, warehouses, airports, rail
stations, and all human activities are
located in certain places for certain
reasons. People go to resorts for
pleasure and vacations and people
travel to various cities for business.
Industries may locate in places that are
quite remote and then provide trans-
portation to and from that place. This
section will explore, via activities,
these roints of interest.

system.

Select an industry in your area (or any area)
and have students identify all of the
transportation activities needed to serve
that industry. Be sure to include employee
transportation systems. Also determine ways
that thege needs could be better met by
other types of transportation systems.

Study Personal Rapid Transit Systems; single
purpose(people) and multi~purpose (commodity).
Build a model of a PRT car that could be used
for goods and/or people. Here ycu may model
the system and integrate it in your town by
planning routes, headways, blocks, and
off~line-station interchanges or terminals.
Show films or slides of computer controlled
PRT systems and study them from many
perspectives.

Major Activities:

Build a model of a primary processing facility
(iron ore, bauxite, etc.) and etudy not

only its operation but also the economics

of bulk material shipping. Enrichment,
beneficiation, commodity classification, etc.,
all can be integrated into this unit.

oo
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CONTENT REPRESENTATIVE ACTIVITES TIME
[y
Transportation Safety and Ecological Study the impact of the diesel enginc on the ey
Factors railroads. 1Include in ycur study job
- Automated Control obsolescence, safety, cost, etc. 20%

Study energy input to a number of transportation
systems and compare cost effectiveness versus
ecological factors for each system.

Study the concept of color coding sigral
systeme and the requirements placed on human
operators when dealing with such systems.

Study stability augmentation systems in
aircraft and discuss how they have helped to

comper ~ate for pilot error.

Major Activities:

Build an automatizally controlled model
railroa. system. Build it to the complexity
of skills and resources available. Knock
Jourself out. You may evea wish to get a
microcomputer system involved with this
operation. Or perhaps compare an electronic
control system versus an electro-mechanical
control system (good for electronics and
computcr experts).

Build a set of color coded signais ior a
transportation syetem. You may wodel traffic
light systems, airport tower emerge:cy

light systems, airport tower emergency light
landing systems, or rail signal systems. Pe sri
“0 class on project and fiundings.

~.
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CONTENT

REPRESENTATIVE ACTIVITES

TIME

- Govermmeantal control

Study the regulatory aspects of various
governmert agencies over the transportation
industries in ¢ ~a country. Look at technical,
safety, environmental and economic regulation
(groups by mode.)

Conduct the same activity as abuve but
concentrate on state level regulation and
control.

Transportation Vehicle Considerations--
#11 transportation systems move goods,
materials or people. Specialized con-
Luiners, compartments, berthing, loading,
unloading, and holding facilities are
reeded to accommodate the specific
materials handled by each carrier.
Sometimes intermodal transfer requires
special handling and storage systems.
The purpese of this section will be to
explore the special features needed to
handle people and/or goods of vzirying
types on a variety of transport.tion
systems.

- Loading and holdineg facilities
* bulk materials
- protected

~ unprotected

Have students explore the types of commodities
shipped by various common carriers. Study
vhy certain p- dducts cannot be shipp:d in
unprotected aystems; e.g., portl. d cement,
grain, etc. After exploring prcd~ -~ require-
ments for shipment, have student wvild a
model of a system for loading, mi.ing,
unloading, &ad storing bulk commodities.
Coal, gcain, sand, or any bulk commodity may
be used as a tontent :iocuser. Try to use. &
local product. "

Have students luok at industrial oroducts,
determine the nature of each product and an
appropriate mode of shipping that commodity.
Cost of service versus value of commodity
gtould be included in this anaiysis.
(omputers, radios, baked goods, toys, and
other such finished products should be
researched by various groups. Have students
build models of special containers to hold
such commodities considering al] factors
including refrigeration requirements,
vibration and shock limitations, atmospheric
control factors, etc.

352
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CONTENT

* industrial products
- protected
- unprotected
- special

* people

REPRESENTATIVE ACTIVITES

TIME

Any product and any mode may be used to study
and model the above projects.

Study the human needs that must be considered
when transporting people from one point to
another. Consider: noise, air temperature,
air humidity, air pressure, air chemistry,
lighting, food, toilet facilities, acceler-
ation ratee, and personal security factors.
Any others you may wish to include shoul? be
introduced. This activity should be oriented
for group discussion.

Study the concept of Geosynchronous orbit
and the communications satellite. Discuss
‘he idea of moving electromsgnetic waves
through space as a means of communication
and whether or not this is transportation
or communication.

Study the idea of long-range space travel
and its effects on humankind; e.g., family
life, personal stability, etc.

Major Activities:

Show NASA films on life support systems for
space vehicle . Using the space shuctle as
an example, you may allow students in groups
to experiment with ideas about space travel
and human physiological and psychological
nedds,

2]
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CONTENT

REPRESENTATIVE ACTIVITES

Moving people on a transportation system is
quite different from moving products. Safety
regulations are more critical and more
controlled; cost of service per unit weight
is much higher, generally; compartment
features must be carefully controlled for
temperature, humidity, noise, light, etc.
For this activity, you should divide your
class into groups and have each group study
the unique requirements of moving people
over " arying distances by various modes.
city bus systems, as well as commuter trains
and long distance air traffic routes should
be examined. Congiderations for vandalism-
proof interiors, long distance comfort,
food, fare collection, passenger safety
(hijacking, intercity safety considerations,
etc.), and passenger psychological security
must be conesidered. For example, the
psychological aspects of riding in an
automatically controli-d high speed train
or Personal Rapid Transit vehicle should be
explored b, various groups. Models of
systems with group reports of findings
shoulc be an end to this activity.

O
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SYNTHESIS CQURSES

*( INTECRATED TECHNOLOGY)

INTRODUCTION TO TECHNOLOGC
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SYNTHESIS COURSES

These courses are designed to allow gtudeats to (1)
pull together the knowledge gsained in several courses, (2)
apply the knowledge in new and novel situations, and (3)
develop additional knowledge. These experiences are
provided in two major courses: Research and Development and

Enterprise.

The Resecarch and Development course first explores the process
usec to solve problems, then allows individual students or groups of

students to solve technological problems.

The Enterprise coutrse eaphasizes the industrial
enterprise 88 the societal institution which uses technology
to cheange inputs into desired ocutputs. Experiences are
provided which will develop an in-depth understanding of the
management practices used to plan, organize, direct, and
control various productive activicies.

Flexibility wnust be majiutained in these courses.
Studenta should be allowed to address the content from
various approaches, Also, the courses should be open to

students with & minimum number of prerequisites.




® COURSE TITLE

“Technoclogy Ressarch snd Development™ (8195) 18 woeks

(

(Synthesis Level--All Schools) Grade 12

COURSE DESCRIPTION

A study undertaken by an individual cr small group to pursue new
knowledge or to solve a technological problem.
Experiences would range from research, experiwentation, design

and development of prototypes or working modelc.

COURSE OBJECTIVES:

At the completion of this course the student will be able to:

(i

1. Identify and define a technological problem.

2. Solve problams-u..ng a research and development process.

3. Seek nev knowledge, synthesize this information and be able to
formulate it into a report or use it in solving the defined
problem.

4. Record end log experimental or design data for use in the
documer.tation of the research and development process.

5. Complete a gimplified version of a patent application to insure
protection of ideas and control of the disclosure.

6. Develop a schedule of the plan that is going to be usec in the
pursuit of the research and development process.

7. Evaluate the research and development solutions that have

been completed by the individual student.




CONTENT REPRECENTATIVE ACTIVITES TiME
Research and Development as a Process View film on innovation, research & develop~ 10%
ment such as from '"The American Enterprise,"
- Why used - P
"Fast Forward' or "Connections" sgeries.
- Where used Discuss the process of identifying, isolating
- When used and refining problems. Participate in a
- How used brainstorming process as a group.
Research and Development as a Concept Select a technical research and experimen-
tation problem.
~ Research 407
* basic Isolate the variables in the problem.
* applied Design an? build the necessary apparatus for
the experiment.
~ Development (product or service)
.. Cond f i .
* imitate cnduct the experiment
* adspt Gather, analyze, and synthesize the data.
* =
1nnovate - Work cn 8 small redesign project assigned
. b .
Process to Development (planning how to y the teacher
develop appropriate solutions) * gketch out variable solutions
- Method * draw up plans for implementation
- Volume * work out the redesign as planned
- Quality = Complete a small group process development 202

- Capabilities of tools, equipment,
facilities and materials

Sequencing of the process

design problem (e.g., design a jig to
produce a part for a product by considering
the questions of meihod, volume, quality,
etc., in the solution.

217
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CON7TENT REPRESENTATIVE ACTIVITES TIME
Product or Service Engi 1 .
rocuct or Servi ngineering As an individual, team or small group select 30%
* Design a problem that requires engineering to improve
. the product and service. Complete the
* Refine . . . . .
project to the satisfaction of the evaluation

* Engineer team.
* Test

oYl
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CONTENT

REPRESENTATIVE ACTIVITES

TIME

Activate the Company

- Establish departments

- Planning

- Financial Affairs

-~ Marketing

All vice presidents should organize their
respective department members and develop
roles.

- Hand in an organizational chart for each
department,

Develop the flow of command or communication.
Determine the intent of the company.

.= Research and development for desired
“Pproduct/goods/service.

- Submit preliminaty plans to department
leaders and pfécideng;

Activate departments to:

- Prepare bylaws

- Prepare budget

- Obtain capital

- Set up purchasing system
- Set up accounting system
- Sell stock/seek loan

Activate departments to develop sales
camppaign

- Prepare department hudget
- Develop advertising theme
- Develop/design packaging

- Design advertising formats

~ Set up sales progran

152
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CONTENT REFAESEMNTATIVE ACTIVITES TIME

Industrial Relations Activate departments to establish:

- Personnel factors

Prepare department budget

Prepare job descriptions
- Outiine safety program
- Determine manpower needs

Check union activities

Determine wage structures

Operating the anterprise Set into operation

- Schedules - Financial accounting
= Procedures ~ Production design

- Processes - Quality control

- Company newsletters
Bulletin boards

- Safety materials

Packaging designs

Production/Goods/Services Set into operation

- Obtaining the company's goods -~ Tooling needs & construction
- Flov charts (processes)

- Plant layout

~ Material layout & handling

~ Actual production

oo
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Industrial relations

Pay dividends
Terminate workers
Remove advertising
Store records

Liquidate company

CONTENT REPRESENTATIVE ACTIVITES TIME
- Safety checks & procedures
- Packaging
- Reports to stockholders
- Inspections
Delivering the goods/services Set into operation
= Delivery of the product/services
- Evaluation of tooling & operacions 10%
- Sell extra products
= Final report to stockholders
-~ Payment of all labor
- Handie grievances
- Finalize material costs
~ Payment of materiul
Reasseagment and the close down of the Set into operation
enterprise - Establishment of service procedures
- Financial - File articles of dissolution
- Production/goods - Submit all final reports to stockholders 5%
- Marketing

Ay

(W)
20

x0

291




163

INITIATING AND IMPLEMENTTIUNG
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INITIATING AND IMPLEMENTING
NEW AND IMPROVED PROGRAMS

The identification, development, impl:mentation, and evaluation of
a comprehensive technology education program which reflects the intent
of this report will require considerable detailed planning by specific
curriculum development teams. The following guidelines are recommended
for consideration by those responsible for the development and
implementation of the progranm. It 1is also recommended that the

Standards for Technology Education Programs, which are available from

the International Technology Education Association, be/Psed as a basis
for steps associated with program identification, development,

implementation, and evaluation.

Scope and Sequences

Regardless of school size, the Technology Education program should
offer a variety of offerings in each cluster system (communication,
constructicn, manufacturing, and transportation). The courses should
be sequential, beginning with orientation and exploration of subject
matter, rollowed by specialized experiences. This program will provide
a smooth continuum which would allow a student to move from a beginring
foundation phase, which includes basic concepts, knowledge, skills and
attitudes necessary for continued learning. Then the student would
move through a series of developmen{al experiences which serve as the
transition from basic learning to the pursuit of specialized interests

at the concentration or lLevel IV phase. However, this continuum

asts




should not prevent good students frowm participating in upper
level courses (Level 1IV) prior to participating in Level II

or 111 courses.

Course Lengths

All proposed courses have been designed for one semester
or 18 weeks of instruction. This provides the best oppor-
tunity for coverage of the content in each cluster system

with a minimal disruption in the over-all scheduling process.

Teacher Load/Class Sisze

In accord with the national standards, it is recommended that the
individual teacher load not exceed 20 students per class or 100
students per te:._her for maximum effectiveness in implementing a broad
based, comprehensive technology education program that eflects the
intrat of this document. For purposes of identifying the minimum
number of courses which should be offered in & small, middle or large
school, a formula of ore teacher for every 250 students or 40% of the

total student body was used.

Facilities
Ideally, a multi~purpose facility is needed to implement

the Level 1 prcgram. A separate facility for each of the
four cluster systems should be available for the Levels II,
1I1 and IV courses. Recognizing that 1ip mo2et cases this is
not realistic, thought was given to implementation of each of
these courses wusing traditional Industrial Arts facilitizs
without extensive modéification, expansion of facilities or
addition of equipment. However, careful plaaning and
considerable interdisciplinary teamwork among g£ll setaff
members will be required to insure a balanced comprehensive
coverage of all systems at each level. While the existing

facilities of a traditional progrem may be adequate, in all
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likelihood some equipment may have to be removed or

relocated for maximum efficiency in the implementation of

the proposed courses.

Resource Materials

A wide variety of instructional materials will be needed
to 1implement the proposed courses. The recommended
activities listed with each course in this document provide
cluees regarding the type'of materials needed to ensure
attainment of course objectives. While the total cost for
these materials should not e2xceed the expenditures of a
traditional Industrial Arts course, the cost of specific
items will ©probably vary substantially. Individuals
responsible for developing specific courses are encouraged to
compile a recommended equipment and resource materials list,
including selected teaching aides and available computer

programs.

Use of Community Ressurces

One of the major purposes of the technoiogy education program 1is
to prepare students to live in a technological society. It is
importart, then, that extensive use be made of community resources
which are represen.ative of the lay public, business, industry, and
aovernment . These special interest groups should be kept fully
informed about the technology education program and be given the
opportunity to participate in all aspects of the program. The
Community should be encouraged to provide experiences for the students
which otherwise would not be available in a typical classroonn setting.
The use of these resources should be incorporated 1intc all locally

developed curriculum materials.

Instructional Strategies

A wide variety of instructional strategies should be
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identified and utilized in meeting program goals, course
objectives, and individual gtudent peeds. Kuch of this
propo- urriculum involves stqdent centered iastructional
activi. . .2 for both group and individual setudent iearning.
These strategies ghould be directly related to the course
objectives and should be designed to meet the unique needs of
individual students regardless of adbility or career

aspirations.

Training
Considerable ongoing training will be needed to

adequately prepare new and existing staff to fully implement
all aspects of this program. While this training should be &
regular part of an ongoing program, any certified Industrial
Arts teacher shojld be familiar with concepts of the
recommended courses in this document. There should be little
difficulty 1in developirg an appropriate plan for a smooth Q
transition from an existing program to one that is designed
to provide broad based, comprehensise developmental experience in all

aspects of technology.

Supervision

The implementation and continued refinement of a comprehensive
contemporary technology program will require adequate administration
and supervision to ensure a well managed program. This administration
and supervision should strive toward maximum interdisciplinary planning

and teamwork. Capitalize on the unique gtrengths and talents of all

members within the staff. Make extensive use of coumunity resources.
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APPENDIX

A

TAXONOMIES:
Communication
Construction
Manufacturing

Transporta“ion
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1 Graphic Communications
1.1 Print‘ng

1.% Relief

1.2 Screen

1.3 Lithography
1.4 Gravure

1.5 Electrostatic
1.6 1Ink Jet

oce

1 Image Design

2 Image Asaembly

3 Image Conversion

4 Image Carrier Preparation

S Image Transfer

6 Finishing {
u

1

t
.1.1 Paper
.1.2 Non-Paper
e

2,

. 1 Consumable ;
.1.3.2.2 Permanent d
Impact (Domestic/Global)
1.4.1 Economic
.1.4,2 Political
.1.4.3 Values/Attitudes
.1.4.4 Environment
1.2 Photogra
1.2.1 Type
1.2.1.1 Film Imaging )
.2.1.1.1 Silver Base /
2.1.1.2 Non-Silver Base
1.2, Electronic Imaging
1.2.2 Process :
1 Image Design
.2 Image Assembly
.3 Image Exposure
4 1Image Conversion
Image Reproduction

5

u

1 Film

2 Print

.3 video (7)
et (Domestic/Global)
1 Economic

2 Political

3 Values/Attitudes
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.2.4.4 Environment
.2.4.5 Aegthetic
2 Electronic Communications

2.1 Telecommunications

2.1.1 Types
2.1.1.1
2.

2.1.1.2

2.1,

2.1,
2.1.2 Proce
2.1.2.1
2.1.2,2
2.1.2.3
2.1.2.4
2.1.2.5
2.1.2.6
2.1.3 Produ
2.1.3.1
2.1.3.2
2.1.3.3
2.1.4 Impact
2.1.4.1
2.1.4.2
2.1.4.3
2.1.4.4

2,2 Conductor
2.2.1 Types
2.2.1.1
2.2

2.2,

2.2.1.

to

2.2,

2.2.

2.2.2 Process
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One-way Communications

1.1.,1.1 Radio
2.1.1

1.2 Television
Two-way Communications
1.2.1 Radio

1.2.2 Radar

Designing
Encoding
Transmitting
Storing/Retrieving
Receiving
Decoding

Entertainment
Information/Data
Detection
(Domestic/Global)
Economic
Political
Values/Attitudes
Environment

One way

.1.1.1 Voice

(Public Address System)
1.1.2 Data

Two way
1.2,1 Voice
(Telephone)
1.2.2 Data
2.2.1.2.2.1 Telegraph
2.2.1.2.2.2 Telephone

Designing

Encoding
Transmitting
Storing/Retrieving
Receliving

Decoding

Entertainpent
Information/Data
Detection

b
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2.2.4 Impacts (Domestic/Global)
2,2.4.1 Economic
2.2.4.2 Political
2,2.4.3 Values/Attitudes
2.2.4.4 Environment
2.3 Computer Systems
2.3.1 Types
2,3.1.1 Analog
2.3.1.2 Digital
2.3.2 Process
2.3.2.1 1Input
2.3.2.2 Storage
2,3.2.3 Processing
2.3.2.4 CQutput
2.3.3 Interface
2.3.3.1 Human
2.3.3.2 Machine/Equipment
2.3.4 Products
2.3.4.1 Entertainment
2.3.4.2 Computations
2.3.4.3 Detection/Control
2.3.4.4 Data Exchange
' 2.3.5 impacts
2.3.5.1 Economic
2,3.5.2 Political
~ 2.3.5.3 Values/Attitudes
2.3.5.4 Environment
3 Light Communication

3.1 Interactive

3.1.1 Light Sources
.1 1.1 Coherent
.1.1.2 Non-coherent
3.1.2 Proceas

w W

3.1.2, Designing
3.1.2. 2 Encoding
3.1.2.3 Transmitting
3.1.2.4 Receiving
3.1.2.5 Decoding

3.1.3 Products
3.1.3.1 Entertainment
3.1.3.2 Infornation/Data
3.1.3.3 Detection

3.1.4 1Impacts
3.1.4.1 FEconomic
3.1.4.2 Political
3.1.4.3 Values/Attitudes
3.1.4.4

‘ Environment
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3.2 Passive |
3.2.1 Light Sources |
3.2.1.1 Coherent |

3.2.1.2 Non-coherent !

3.2.2 Process |

3.2. Designing
3.2. 2 2 Encoding
3.2.2.3 Transmitting
3.2.2.4 Receiving
3.2.2.5 Decoding

3.2.3 Products
3.2,3.1 Entertainment
3.2.3.2 Information/Data
3.2.3.3 Detection

3.2.4 Impacts
3.2.4.1 Economic
3.2.4.2 Political
3.2.4.3 Values/Attitude
3.2.4.4 Environment

4 Acoustic Communication
4.1 Sonic Detection

4.1.1 Transmission Media
4.1.1.1 Cas ‘ID
4,1.1.2 Liquid .
4.1.1.3 Solid )

4.1.2 Process
4.1.2.1 Modulation
4.1.2.2 Transmitting
4.1.2.3 Receiving
4,1.2.4 Decoding

4,1.3 Products
4,1,3.1 Information/Data
4,1,3.2 Detection/Control

4.1.4 Impacts
4.1.4.1 Economic
4.1.4.2 Political
4.1.4.3 Values/Attitudes
4.1.4.4 Environment

4.2 Storage/Retrieval

4.2.1 Types
4.2.1.1 Magnetic
4,2.1.2 Mechanical

4.2.2 Process
4,2.2,1 Encoding
4.2,2,2 Storing
4,.2.2.3 Retrieving
4.2.2.4 Decoding S

4.2.3 Products Lo d ‘
4.2.3.1 Information/Data
4,2.3.2 Entertainment ! —



4.2.4 Impacts
«2.4.1 Economic

.2.4.2 Political

~Ses

2
«2.4.3 Values/Attitudes
2.4.4

Environment
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CONSTRUCTTION

TAXONOMIES
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1. Construction Managed Activities
1.1 Research and Development
1.1.1 Initiating the Project
1.1.1.1 Formulating
1.1.1.1,1 Determining Objectives

1.1.1.1.1.1 stating Goals

1.1.1.1.1.2 Consulting

1.1.1.1.1.3 Establishing Proiect Criteria

1.1.1.i.1.4 Evaluating

1.1.1.1.1.5 Desecribing Objectives

1.1.1.1.2 Reseavrching

1.1.1.1.2.1 Locating Data

1.1.1.1.2.2 Retrieving Data

1.1.1.1.2.3 Describing Data
1.1.1.1.2.3.1 Drawing
1.1.1.1.2.3.2 Reportiag
1.1.1.1.2.3.3 Clals1fy1ng—Categorzzlng
1.1.1.1.2.3.4 Defining

1.1.1.1.2.4 Evaluating Data
1.1.1.1.2.4.1 Compat1ng
1.1.1.1.2.4.2 Contrasting
1.1.1.1.2.4.3 Measuring Against Criteria
1.1.1.1.2.4.4 Rating

1.1.1.1.2.5 Forecasting
1.1.1.2 Administering the Project
1.1.1.2.1 Directing
.2.1.1 Coordinating
.2.1.2 Assigning
.2.1.3 Supervising
2.1.4 Inspect1ng
1.1.1. 2 2 Authorizing
.2.2.1 Verifying
.2.2.2 Certifying
.2.2.3 Approving
,2.2.4 Redefining
1.1.1.3 PrOJect Programming
1.1.1.3.1 Evaluating
.3.1.1 Analyzing Data
.3.1.2 Comparing
.3.1/3 cContrasting
1.1.1, 3 2 Sclecting
.3.2.1 Examining
.3.2.2 Eliminating
.3.2.3 Adapting
.3.2.4 Adopting
1.1.1. 3 2 /Presenting
1.1.1.3.2.1 Scheduling
1.1.1.3.3.2 Diagramming
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1.1.2

1.1.3

1.
1.
1.

,—o.—a.—a

.3 Reporting

.1.3.3
.1.3.3.4 D:monstrating
.1.3.3

.5 Summarizing

Developxng the Project
1.1,2.1 Designing

1.1.2.1.1
1.1.
1.1

1.1.2.1.2

.—4.—4
.—4.—4

1.1.2.1.3

.—4.—4.—4
o o
.—4.—4;..-

2.2.1

—
. .
—

1.1.2.2.3

P et s
e o o
— e

1.2.2.2.4

— et Yes
- . .
bt e

1.1.2.2.5

—
e
[S R

NNN

NN

NN

2
.2

.2.
2.

NN

Evaluating Concepts

.1.1.1 Evaluating the Program
.1.1.2 Determining Functional Relationships

Pcstulating Solutions

1.2.1 Scaling Functionai Relationshipe
1.2.2 Presenting Solutions

Selecting a Solution

.1.3.1 Analyzing Alternative Solutions

.1.3.2 Appraising Alternative Solutions
.1.3.3 Evaluating Alternative Solutions
1.1.2.2 Englneerlng

Interpreting Drawings and Reports

.2.2.2 Establishing Detail Design Criteria

and Standards
Analyzing Problems-Proposal

.2.3.1 Grouping
.2.3.2 Classifying
.2.3.3 1Identifying

Estimating Sizes-Capacities

.2.4.1 Referring (past experience)
.2.4.2 Comparing
.2.4.3 Approximating

Detail Designing

.2.5.1 Standardizing Component/Elements
.2.5.2 Computing

et s
e o

.5.2.1 Calculating
.5.2.2 Calibrating
.5.2.3 Appraising

o—-o—-o—-
NNN
« .
NNN

1.1.2. 2 5 3 Experimenting

1.1.2.2,5.3.1 Modeling
1.1.2.2.5.3.2 Building Prototypes
1.1.2.2.5.3.3 Testing
1.1.2,2.5.4 Preparing Working Drawings
1.1.2.2.5.4. Scaling
1.1.2.2.5.4. 2 Dimensioning
1.1.2.2.5.4.3 Notating
1.1.2.2.5.4.4 Referencing and Titling
1.1.2.2.5.5 Securing Approval
1,1.2,2.5.5.1 1Inspecting

Implementing

1.1.2.2.5.5.2 Authorizing

1.1.2.2.6 Specifying
1,1.2.2.6.1 Preparing Outline Specificat.cns
1.1.2.2.6.2 Drafting Final Specifications

1.1.3.1 Contracting

3 ’
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1.1.3.2 Construction 2rogramming
1.1.3.3 Procuring
1.1.3.4 Supervising Construction
1.2 Marketing
1.2.1 nalyzing the Market
1.2.1.1 Studying National and Local Levels of
Economic Activity
1.2.1.2 Detecting Employment and Income Trends
1. .3 Ascertaining Population Patterns and Trends
1.2.1.4 Studying the Cost and Availability of Mortyage
Funds
1.2.1.5 Synthesizing the Demand for Particular Types
of Construction Projects
1.2.1.6 Detecting Client Needs, Wants and Spending
Patterns
1.2.1.7 Reviewing Government Regulations aud Legal
Restrictions
1.2.2 Establishing Marketing Strategy
1 Selecting Products
2 Selecting Target Clients
3 Pricing Project(s)
.4 Timing Entry Into Market
moting
Advertising
Showing Property
Qualifying Potential Buyers
Pursuing Potential Buyers
sing the Sale
Drawing Up a Sales Agreement
Complying with Terms of Sales Agreement
Trznsferring Ownership
elations

NN
[

S W

1.3 In
1

Recruiting

Selecting

Inducting

ing

On-the-job Training

Other Training

ding Benefits

Paying Wages and Salaries
Paying Fringe Benefits
Providing Physical Environment
Providing Social Environment
ding Career Options

Promoting

Demoting,

Transferring

Discharyging

Retiring

[ -

1.3.4
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1.4 Financing

1.4.1 Appraising Property
1.1 1Inspecting
Recording
Describing
Analyzinp
Correlating

4
4.1.2

4.1.3

4.1.4

.5

.6 Estimating
7

8

ma

. Reporting

Certifying
ting Prcbable Costs (land & construction)

= bt bt et bt ped s i

4
4
4
4.1,
1.4.2 Esti
Measuring
Pricing
Calculating
Projecting
Accounting
Comparing
Evaluating

bt b s s b b s

1

2

3

4

5

6

)

1.4.3 Funding

1 Backing

.2 Capitalizing

.3 Mortgaging
4 Borrowing
5 Selling

6 Purchasing
7 Amortizing
8
9
m
1
2

1

1

1

1

1

1

1

t

2

2

2

2

2,
2.
2

n

3

3

3

3

3

3

3

3 Incorporating
3

— b b ek et b b s

. Matching
ocumenting

—
F =3
F =3

Describing
Contracting

.

3 Floating
4 Legalizing
e
1

._a._a._a._‘

—
b
wn

udgeting

Allocating
1.4.5.2 Timing

1.4.6 Making Payments

4
4
4
4
4
4
4
F
4
4
4
4
4
4
4
4
4
D
A
A
4,
A
B
1.4.

c
4,
4
4.
4,
d
5.

Construction Production Processes
2.1 Preparing the Site
2.1.1 Clearing the Site
2.1.1.1 Providing Temporary Access and Protection
2.1.1.1.1 Protecting Personne) and Property

2.1.1.1.1.1 Posting

2.1.1.1.1.2 Fencing

2.1.1.1.1.3 Banking

2.1.1.1.1.4 Ditching
2.1.1.1.1.5 Bracing and Shoring
2.1.1.1.1.6 Weatherproofing

3.3

)

@
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Laying Roads and Walkways

- 2.1.1.1.2.1 Grading
2.1.1.1.2.2 Bridging
2.1.1.1.2.3 Compacting
2.1.1.1.2.4 Surfaciag
2.1.1.1.2.5 Rolling

2.1.1.2 Reducing Obstacles
2.1.1.2.1 Demolishing and Salvaging
2.1.1.7.1.1 Disassembling
2.1.1.2:1.2 Wrecking
2.1.1.2.1.3 Bulldozing
2.1.1.2.1.4 Cutting
2.1.1.2.1.5 Chaining
2.1.1.2.1.6 Blasting
2.1.1.2.1.7 Burning
2.1 1.2.2 Extracting
2.1.1.2.2.1 Draining
2.1.1.2.2.2 Rerouting
2.1.1.2.2.3 Digging
2.1.1.2.2.4 Ripping
2.1.1.2.2.5 Scraping
2.1.1.2.2.6 Grubbing
2.1.1.3 Handling Materials

2 1.1.3.1 Transferring Materials

‘ 2.1.1.3.1.1 Loading and Hauli=g
2.1.1.3.1.2 Dragging

~z 2.1.1.3.1.3 Pushing
2.1.1.3.1.4 Pumping

2.1.1.3.2 Disposing of Materials on-site
.3.2.1 Stockpiling-Stacking
.3.2.2 Burying
.3.2.3 Buraing
.1.2.2.4 Spreading
2.1.2 Setting up Temporary Facilities
2.1.2.1 Establishing Temporary Shelters
2.1.2.1.1 Transporting Temporary Shelters
2.1.2.1.1.1 Hauling
2.1.2.1.1.2 Towing
2.1.2.1.2 Setting-up Temporary Shelters
2.1.2.1.2,1 Parking
2.1.2.1.2.2 Fabricating
2.1.2.2 Providing Temporary Utilities
2.1.2.2.1 Providing Water
.2.1.1 Connecting
.2.1.2 Plumbing
.2.1.3 Welling
.1.2.2.1.4 Storing
2.1.2.2.7% Providing Power
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2.1.2.2.2.1 Connecting
2.1.2.2.2.2 Wiring
’ 2.1.2.2.2.3 Generating
g
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2.1.3

2.1.4

Surveying for Constiucting

2 1.3.1

Referencing to Existing Features

2.1.3.1.1 Measwing,

2.1.3.1.1.1 Readiny
2.1.3.1.1.2 Recording

2.1.3.1.2 Markiug

2.1.3.2

Laying Out the Structure

2.1.3.2.1 Establishing Contrel Points

2.1.3.2.1.1 Measuring
2.1.3.2.1.2 Marking
2.1.3.2.2 FEstablishing Oftset Lines
2.1.3.2.2.1 Measuring
2.1.3.2.2.2 Marking
2.1.3.2.2.3 Leveling
2.1.3.2.2.4 Protecting
Earthworking
2.1.4.1 Mobilizing Equipment
2.1.4.1.1 Trausporting
2.1.4.1.1.1 Driving
2.1.4.1.1.2 Hauling and Towing
2.1.4.1.2 Setting-up
2.1.4.1.2.1 Unloading
2.1.4.1.2.2 Positioning
2.1.4.1.2.3 Assembling
2.1.4.1.2.4 Scrvicing
2 1.4.2 Ear thmoving
2.1.4.2.1 Loosening
2.1.4.2.1.1 Blasting
2.1.4.2.1.2 Breaking and Spalling
2.1.4.2.1.3 Scarifying and Ripping
2.1.4.2.2 Extracting
2.1.4.2.2.1 Digging
2.1.4.2.2.2 Scraping
2.1.4.2.2.3 De-Watering
2.1.3.2.3 Transferring
2.1.4.2.3.1 Loading and Hauling
2.1.4.2.3.2 Pushing
2,1.4.2.3.3 Pumping
2.1.4.2.3,4 Conveying
2.1.4.2.4 Disposing
2.1.4.2.4.1 Stockpiling~-Stacking
2.1.4.2.4.2 Depositing
2.1.4.2.4.3 Spreauing
2.1.4.3 Protecting Existing Utilities and Structures
2.1.4.3.1 Rerouting
2.1.4.3.2 Bracing and Shoring
2.1.4 3.3 Underpininning
¢.1.4.3.3.1 Digging
2.1.4.3.3.2 Supporting
2.1.4.4 Shaping and Stabilizing Earthworks
2.1.4.4.1 Cleaning or Washing
2.1.4.4.2 Crading

3.5




2.1.4.4.2.1 Compacting
2.1.4.4.2.2 Grouting
2.1.4.4.2.3 Scaling
2.1.4.4.2.4 Filling
.3 Slipping
.4 Sheathing
.5 Bracing and Shoring
.6 Treating
. .7 Piling
2. 4 4 8 Cofferdamming
2.2 Building the Structure
2.2.1 Setting Foundations
2.2.1.1 Making and Placing Forms
2.2.1.1.1 Building Forms
.1.1.1.1 Laying Out
.1.1.1.2 Cutting
.1.1.1.3 Preassembling Components
‘2 Assembling in Place
.1.2.1 Transferring
.1.2.2 Positioning
.1.2.3 Fastening
1.2.4 Stabilizing and Adjusting
Treating Forms
1.3.1 Cleaning
.1.3.2 Coating
.1.1.3.3 Soaking
ing Reinforcement
Cleaning and Shaping
Transferring and Plecing
. Supporting
2 2 1.2.3.1 Seating
2.2.1.2.3.2 Tying
Preparing Foundation Materials
.1.3. 1 Treating
2.2.1.3.1.1 Washing
2.2.1.3.1.2 Chilling
.1.3.2 Proportioning and Batching
2.2.1.3.2.1 Screening
2.2.1.3.2.2 Measuring
2.2.1.3.3 Mixing
2.2.1.4 Handling Materials
2.2.1.4.1 Transferring
.1.4.1.1 Hauling
.1.4.1.2 Conveying
.1.4.1.3 Pumping
.1.4.2 Placing
.4.2.1 Dumping
.4.2.2 Chuting
Consol dating
.4.3.1 Vibrating
.4.3.2 Tamping and Spading
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2.2.1.4.4 Building in Inserts, Anchors, Ties
Hangers
2.2.1.4.5 Finishing
2.2.1.4.5.1 sStriking Off
2.2.1.4.5.2 Edging
2.2.1.4.5.3 Floating
2.2.1.5 Bonding
2.2.1.5.1 Preparing Surfaces
2.2.1.5.1.1 Scraping
2.2.1.5.1.2 Washing
©2.2.1.5.1,3 Grouting
2.2.1.5.2 Jointing
2.2.1.5.2.1 Placing
2.2.1.5.2.2 Tamping

2.2.1.6.1 Controlling Moisture
1 Ponding and Flooding
2 Mist Spraying
3 Covering
4 Chemical Treating
rollxng Temperature
Chilling
2.2.1.6.2.2 Covering
2.2.1.7 Removing Forms
2.2.1.7.1 Stripping Forms
.1.7.1.1 Unfastening
1.7.1.2 Tapping
.1.7.1.3 Pulling
1.7.1.4 Lifting and Stacking
2.2.1.7.2 Clec..ing Forms
.2.1 Chipping and Scraping
.2.2 Washing
.2.3 Stockpiling
ing Foundatxone
1

2.2.1.6.2

n
1.
1.
1.
1.
ont
2.

6.
6.
6.
.6.
C
6.

2.2.1.8 Fi
2.2.1. e
.1.° Patching
.1.2 Chipping and Chiseling
1. 3 Treatxng
2.2.1.8.2 c
2.2.1.8.2.1 Bulldozing
2.2." 8.2.2 Compacting
2.2.2 Building the Major Structural Elements
2.2.2.1 Preparing Materials
2.1.1 Laying out
.1.2 Cutting
.1.3 Forming
.1.4 Proportioning and Mixing
.1.5 Treating
abricating Components and Temporary Forms
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2.2.2.2.1 Preparing Materials
2.2.2.2.2 Sub-Assembling
2.2.2.3 Setting Reinforcement
2.2.2.4 Handling Materials and Components
2.2.2.4.1 Transferring
2.2.2.4.1.1 Hoisting
2.2.2.4.1.2 Carrying
2.2.2.4.2 Positioning
2.2.2.4.2.1 Locating
2.2.2.4.2,2 Bracing and Holding
2.2.2.4.2.3 Aligning
2.2.2.4.2.4 Placing
2.2.2.4.3 Assembling
2.2.2.4.3.1 Fastening
2,2.2.4.3.1.1 Pinning
2.2.2.4.3.1.2 yelding
2.2.2.4.3.2 Bonding
2.2 2.4.3.2.1 Joining
2.2.2.4.3.2.2 Adhering
2.2.2.5 Treating
2.2.2. .1 Curing
2.2.2.5.2 Tensioning
2.2.2.5.3 Pressurizing
2.2.2.5:4 Coating
2.2.2.5.5 Fireproofing
2.2.2.6 Removing Temporary Forms
2.2.2.6.1 Stripping
2.2,2.6.2 Cleaning
2.2.2.6.3 Stockpiling
2.2,2.7 Finishing
2.2.2.7.1 Abrading
2.2 2.7.2 Patching
2.2.2.7.3 Coating
2.3 Installing Utility Systems (e.g., Electrical,

2.3.1.1

2.3.1. 2
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2.3.1. 3
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.1.1 Laying out
Cutting
Forming
Treating
Fabricating Components
ing Materials
Transferring
Positioning
ning in Place
Pinning
Welding
Hooking
Clemping
Embedding and Seating
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Plumbing,
communication, HVAC, Transportation)
2.3.1 1Installing Permanent Utilities and Mechanical Plant
Preparing Materials and Components

«



2.3.1.4
2.
2.
2.
2.
2.
2.
2.
2.
2.

2.3.2 Providi
2.3.2.1

2.
2.
2.

2.3.2.2
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2.3.2. 3
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onnecting and Jointing
4.1 Bonding

4.2 Piuning

4.3 Welding

4.4 Soldering

.4.5 Splicing

4.6 Clamping

4.7 Socketing

4.8 Sealing

-4.9 Treating

g8 Temporary Equipment
Ha ndling Equipment

1.1 Transferring

1. 2 Positioning

2.

2,

.2.1.3 Aasemollng
Sec

ecuring in Place

.+ Pinning

.2 Welding

.3 Clamping

.4 Tying

.5 Bracing

.6 Hooking

ving Temporary Equipment

.1 Disassembling

.2 Handling Equipment
.3.2 3.2.1 Loading
2.3.2.3.2.2 Hauling

2.3.2.3.2.3 Stockpiling

Enclosing the Structure (rough finishing)

'@

2.4.1 Preparing Materials
2.4.1.1 Laying Out
2.4.1.2 Cutting
2.4.1.3 Forming
2.4.1.4 Mixing
2.4.1.5 Making Temporary Formwork
2.4.1.6 Fabricating Components
2.4.1.7 Treating
2.4.2 Handling Materials and Componente
2.4.2.1 Transferring Materials and Components
2.4.2.2 Poslt1on1ng Materials and Components
2.4.3 Assembling in Place
2.4.3.1 Pinning
2.4.3.2 WVelding
2.4.3.3 Bonding
2.4.3.4 Coupling
Finishing the Structure (fine finishing)
2.5.1 Preparing Subsurfaces
2.5.1.1 Abrading
2.5.1.2 Grounding

2.5.2 Preparing Materials




.1 Laying Out

2 Cutting

3 Forming

.4 Mixing

5 Making Temporary Formwork

.6 Assembling Prefabricated Components
1

1

2

DO NN

(VLN R RV . ARV RV RV RV RV V)

Treating

2.5.3

N

Transferring Materials
Positioning
2.5.4
Fastening and Connecting
4.1.1 Pinning
4.1.2 Welding
4.1.3 Bonding
4.1.4 Coupling
2.5.4.2 Coating and Applying
.4.2.1 Brushing
4,2.2 Spraying
4.2.3 Rolling
4.2.4 Troweling
.4.2.5 Sealing
2.5.5 Removing Equipment and Debris
2.5.5.1 Demobilizing Equipment
.5.1.1 Disassembling
.5.1.2 Transferring

1.
|
1
&
2.
2.
2.
2.
2.
E
m

q
o
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2.5.5.2 e
2.1 Scraping
2.2 Picking Up
.2.3 Sweeping
2.4 Washing
.2.5 Polishing

NNNNN
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2.6 Completing the Site
2.6.1 Removing Temporary Plant and Facilities
2.6.1.1 Removing Temporary Water and Power Facilities
2.6.1.1.1 Disassembling, Disconnecting
2.6.1.1.2 Handliag Components
2.6.1.2 Removing Contractor's Equipment
.6.1.2.1 Disassembling
6.1.2.2 Hancling Equipment
2.6.1.2.2.1 Loading
2.6.1.2.2.2 Hauling
2.6.2 Landscaping
2.6.2.1 Building Accesses
1. surveyinp for Accesses

2.6.2. 1

2.6.2.1.2 Earthmoving

2.6.2.1.3 Setting the Base

2.6.2.1.4 1Installing Circulatory Systems
2.6.2.1 5 Finishing the Access

3.0
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2.6.3

~
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.6.4.4

.6.5.1

D
5.
5.
5.
.£.5.2 ¢Cl
5.
5
5
5
5

S0, 2 1 -1 Swrfacing
2.6 .2 Trimming
Buirldinyg Ftdluxc.
i Surveving for Constructing
.2 Lkarthmoving
.3 Building the Feature
.4 lInstalling Circulatory Systems
.5 Finishing the Feature
piny the Finishing Earth
.1 Laying out
2 Earthmoving
2.6.4 Banking
2.6.4.2.2 Filling
e

-6.4.3 Preparing the Surface

:\

2, 3.1 Gradig
J 3.2 Turning
3.3 sSpreading
3.4
ant

0‘03
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Treating
lanting and Surfacing
4.1 Seeding
.4.4.2 Sodding
4.3 Digging and Placing
4 Spreading
5 Treating
6
n

%
4,
b
4.
P
N
4,
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Protecting
andscaping Equipment and Debris
emobilizing Equipment
Loading and Hauling
Towing
Driving

b,
4.
4,
4,
b4

[
4.
[
Remov1n L
m

o NN
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1.1
1.2
1.3
vaning Up

1 Picking Up
2 Raking
3 Sweeping
4 Burying
5 Burning

2.
.2.
2.

2.
2.
-5.2.6 Dumping
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vicing the Project

Diagnecsing/Troubleshooting
Repairing

Altering

Installing

Maintaining

3 Construction Managerial Processes
3.1 Planning

3.1.1

3.
3.
3.

Formulating
1.1.1 Determining Goals

.1 2 Establishing Specific Objectives
.3 Setting Policies
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oo,
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3.1.1.4 Forecasting
3.1.1.5 Programming
3.1.2 Researching
3.1.2.1 Retrieving
3.1.2.2 Describing
3. .3 Experxment1ng
8
1 Determining Function
2 Preparing Performance Specification
3 Postulating a Solution-in-Principle
4 Making Simple Models
5 Postulating Alternate Solutions
6 Making Working or Scale Models
.7 Selecting Solution
8 Communicating Design Solution
9 Making Prototype
in
1
2
3
4
5

Detailing Design Communication

Detailing Specifications and Standards
Work Design (methods, standards, processes)
Egtimating

Scheduling

-4

r

.1.1 Analyzing Work Tasks

.1.2 Determining Worker Functions
.1.3 Establishing Roles

.1.4 Sett1ng Work Conditions

p
2
2.

.1 Requisitioning
2 Procuring
(Subcontracting)
3.2.2.2.1.1 Advertising for Bid(s)
.1.1 Inviting (Bid(s)
.1.2 Selecting Bidder(s)
.1.3 Instructing Bidder(s)
3.2.2. 2.1, 2 Preparing Bid(s)
3.3.3.1.2.1 Inspecting Site
3.3.3.1.2.2 Quantifying Labor and
Materials
3.3.3.1.2.3 Estimating
3.2.2.2.1.3 Accepting a Bid

wWww-
www -
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3.3.3.1.3.1 oOpening Bids
3.3.3.1.3.2 Selecting a Bid
3.2.2.: Employing
3.2.2.3.1 Specifying Work Roles
3.2.2.3.2 Notifying Prospective Employees
3.2.2.3.3 Selecting Personnel
P

urchasing

‘i Q :3} 2




3.2.2.4.1 writing Detailed Specifications
3.2.2.4.2 oOrdering
2.2.2.4.3 Checking
3.2.2.4.4 Claiming
3.2.2.5 Leasing
3.2.2.5.1 Writing Detailed Specifications
3.2.2.5.2 Ordering
3.2.2.5.3 Checking
3.2.2.5.4 Claiming
3.2.2.5.5 Returning
3.2.2.6 Obtaining Licenses, Permits and Authorizations
3.2.2.6.1 Applying
3.2.2.6.2 Securing

3.2.3 Scheduling

3.2.3.1 Grouping

3.2.3.2 Allocating Time
3.2.4 Routing

3.2.4.1 Establishing Departure and Arrival Time
3.2,4.2 Establishing Path to be Followed

3.2.5 Storing
3.3 Directing
3.3.1 Coordinating
3.3.2 Assigning
3.3.3 Supervising
3.3.4 Inspecting
3.3.5 Authorizing
3.4 Controlling
3.4.1 Monitoring

3.4.1.1 Inspecting

3.4.1.2 Inventorying

3.4.1.3 Timekeeping
3.4.2 Reporting

3.4.2.1 Compiling

3.4.2.2 Appraising

3.4.2.3 Notifyiug
3.4.3 Correcting
.3.1 Adjusting
Expediting
Restraining
Replanning
Redirecting
Retraining
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‘ MANUFACTURING TAXONOMIES

1 Manufacturing Inputs
1.1 Material
1.1.1 Direct
Indirect

—
~

gr-

1.2
Managerial
Scientific/Technical
Office/Clerical
Worker/Operative

al

Plant
Equipment

1.3

Debt
Equity

edge
Technological
Scientific
Humanities
Formal

1.5
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1.
1.
Ca
1.
1.
1.4 Fi
1.
1.
Kn
1.
1.
1.
1.
E

1.6 nergy

2 Transformation Processes

2.1 Extracting
. 2.1.1 Drilling
2.1.1.1 Methods
2.1.1.1.1 Cable tool
2.1.1.1.2 Rotary
2.1.1.2 Extracting materials
2.1.1.2.1 Energy drive
2.1.1.2.2 Pumping
2.1.2 Harvesting (Cutting)
2.1.2.1.1 Selective
2.1.2.1.2 Clear Cutting
2.1.3 Mining
2.1.3.1 Surface mining
2.1.3.1.1 Placer
2.1.3.1.1.1 Panning
2.1.3.1.2 Dredging

2.1.3.1.2.1 Floating
.1.3.1.2.2 Drag line
2.1. 3 1.3 Open pit
2.1.3.1.4 Strip
2.1.3.1.5 Quarry
2.1.3.2 Underground
2.1.3.2.1 Level and shaft
2.1.3.2.2 Room and pillar
2.1.3.3 Underwater
2.1.3.3.1 Precipitating
2.1.3.3.2 Leaching

Q :3‘ 5
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.3.3.3 Frasch
1.3.3.4 Drag line

2.1.4 Othex
2.1.4.1 Evaporation
2.1.4.2 Electrolysis

2.2 Primary Processing

2.2.) Thermal Processing
2.2.1.1 Smelting
2.2.1.2 Distilling
2.2.1.3 Evaporating

2.2.2 Chemical processing
2.2.2.1 Oxidizing
2.2.2.2 Reducing

2.2.3 Mechanical Processing

2.2.3.1 Cutting
2.2.3.2 Slicing and shearing
2.2.3.3 Cruehing and milling
2.2.3.4 Screening
2.2.3.5 Floating and sedimenting
2.2.3.6 Filtering
2.2.4 Electrical processing
2.2.4.1 Magnetic separating
2.2.4.2 Electostatic separating
2.3 Secondary Processing .
2.3.1 Casting and molding

2.3.1.1 Preparing the mcld
.3.1.1.1 Expendable
3.1,1.2 Permanent
2.3.1.2 Preparing the material
.1.2.1 Melting
.1.2.2 Dissolving/suspending
.1.2.3 Compounding liquids
2.3.1. 3 Introducing materials into molds
.1.3.1 Pouring
.1.3.2 Pressurizing
2.3.1, 4 Solidifying the material
.1.4.1 Cooling
.1.4.2 Drying
.1.4.3 Chemical condition (reaction)
2.3.1. 5 Extracting the casting/molded part
2.3.1.5.1 Destroying the mold
2.3.1.5.2 Open rhe mold/ejecting
2.3.2 Forming
2.3.2.1 Selecting the shaping device
2.3.2.1.1 Die/Form/Mold
.1.1.1 Open
.1.2 Mated (closed)
.3 One-piece shaped
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2.3.2.1,2.1 Straight/smocth
2.3,2.1.2.2 Shaped
e

2.3.2.2 Determining material temperature
2.3.2.2.1 Hot forming
2.3.2.2.2 Cold forming
2.5.2.3 Preducing forming forces (sources of pressure)
2.3.2.3.1 Machine tool
2.3.2.3.1.1 Press
2.3.2.3.1.2 Hammer
2.3.2.3.1.3 Rolling mill
2.3.2.3.1.4 Draw bench
2.3.2.3.2 Other
2.3.2.3.2.1 Air pressure
2.3,2.3.2.2 Vacuum
2.3.2.3.2.3 High energy rate (HER)

2.3.3 Separating
2:3.3.1 Selecting the cutting element
2.3.3.1.1 Single point tool -
2.3.3.1.2 Multiple-point tool

2.3.3.1.2.1 Symetricll
2.3.3.1.2.2 Random
‘l' 2.3.3.1.3 Other
2,3.3.1.3.1 Sound
2.3.3.1.3.2 Flane
_ 2.3.3.1.3.3 Electrical spark
- 2.3.3.1.3.4 Chemical
¥ 2.3.3.1.3.5 Other
2.3.3.2 Generating feed and cutting motion
2.3.3.2.1 Reciprocating
2.3.3.2.1.1 Work
2.3.3.2.1,2 Cutting element
2.3.3.2.2 Rotating
2.3.3.2.2.1 Work
2.3.3.2.2,2 Cutting element
2.3.3.2.3 Linear
2.3.3.2.3.1 Work
2.3.3.2.3 2 Cutting element
2.3.3.3 Clamping cutting elements and work

2.3.3.3.1 Cutting element clamping
2.3.3.3.2 Work clamping

2.3.4 Conditioning

2.3.4.1 Chemical conditioning

2.3.4.1,1 Fermentation

2.3.4.1.2 Cryltallxzatxon

2.3.4.1.3 Polymerxzatxoﬂ
2.3.4.2 Thermal conditioning

2.3.4.2.1 Heat tresting/firing

2.3.4.2.2 Melting

2.3.4,2,3 Freezing

2.3.4.2.4 Drying
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2.3.4.3 Mechsnical conditioning (Work hardening)
2.3.5 Assembling
2.3.5.1 Bonding
2.3.5.1.1 Selecting bonding agents

2.3.5.1.1.1 Same material
2.3.5.1.1.2 Similar material
2.3.5.1.1.3 Different material
2.3.5.1.2 Selecting bonding method
2.3.5.1.2.1 Fusion bonding
2.3.5.1.2.2 Flow bonding
2.3.5.1.2.3 Pressure bonding
2.3.5.1.2.4 Cold bonding
2.3.5.1.2.5 Adhesive bonding
2.3.5.1.3 Selecting joints
2.3.5.1.3.1 Tee
2.3.5.1.3.2 Corner
2.3.5.1.3.3 Butt
2.3.5.1.3.4 Skarf
2.3.5.1.3.5 Lap
2.3.5.2 Mechanical Festening
2.3. 5 2.1 Selecting ths fastening agent
.3.5.2.1.1 Mechanical fastening
.3.5.2.1.2 Mechanical force
2.3, 5.2.2 Installing fasteners

2.3.6 Finishing
2.3.6.1 Selecting the finishing material
2.3.6.1.1 Converted surfeces
2.3.6.1.2 Coatings
2.3.6.1.2.1 Organic
2.3.6.1.2.2 1Inorganic
2.3.6.2 Preparing the mat~rial to be finished

2.3.6.2.1 Deburring

2.3.6.2.2 Mechanical cleaning

2.3.6.2.3 Chemical cleaning

2.3.6.3 Applying finishes

2.3.6.3.1 Chemical techniques

2.3.6.3.2 Mechan1ca1 techniques
2.3.6.3.2. Brushing
2.3.6.3.2. 2 Relling
2.3.6.3.2.3 Spraying
2.3.6.3.2.4 Dipping
2.3.6.3.2.5 Curtain coating (flowing)

2.3.6.3.3 Electrical techaiques

3.0 Managerial Processes
3.1 Managerial functions
3.1.1 Planning
3.1.1.1 Determining objectives
3.1.1.2 Forecasting
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3.2

3.3

196

3.1.1.3 Establishing tasks for each objective
3.1.1.4 Developing procedures for meeting tasks
3.1.1.5 Developing policies

3.1.2 Otganxzxng
3.1.2. Leveloping <hains of command
3.1, 2.2 Specifying pouition tasks and irequirements
3.1.2.3 Staffing positions

3.1.3 Actuating (directing)
3.1.3.1 1Issuing work orders and directions
3.1.3.2 Motivating employees
3.1.3.3 Communicating goals, work requirements, etc.
3.1.3.4 Rewarding appropriate preformance

3.1.4 Controll1ng
3.1.4.1 Comparing resul%s with plans
3.1.4.2 Suggesting corrective action

3.1.4.3 Reporting preformance results
Types of managed production systems
3.2.1 Custom
3.2.2 Intermittent
3.2.2.1 Job-lot
3.2.2.2 Batch
3.2.3 Continuous
Managed System Activities
3.3.1 Establishing the organization
3.3.1.1 Generating capital
3.3.1.2 3cructuring the organization
3.3.1.3 Employing managerial personnel
3.3.2 Desigring the product
3.3.2.1 Researching
.3.2.2 Developing
.3.2.3 Product engineering
3.3.3 Preparing to produce the product

w w

3.3.2.1 Manufacturing engineering
3.3.3.2 Production planning and control
3.3.3.3 Employing production personnel
3.3.3.4 Training
3.3.3.5 Procuring/purchasing
3.3.4 Producing the product
3.3.4.1 Processing materials
3.3.4.2 Controlling quality
3.3.4.3 Establishing safety programs
3.3.4.4 Providing employee services
3.3.4.5 Administering wages and salaries
3.3.5 Delivering the product
3.3.5.1 Advertising
3.3.5.2 Selling

3.3.5.3 Distributing
3.3.6 Servicing the product
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4

3.3.6.1
3.3.6.2
3.3.6.3
3.3.6.4
3.3.6.5
3.3.6.6
3.3.7 Contr
3.3.7.1
3.3.7.2
3.3.7.3
3.3.7 4

Installing
Maintalning
Diagnosing
Repairing
Testing
Modifying

olling the system

Monitoring
Assessing
Reporting
Altering

Mauufacturing Outputs
4.1 Primary outputs
4.1.1 Raw Materials

4.1.1.1 State
4.1.1.1.1 Liquid
4.1.1.1.2 Gas
4.1.1.1.3 Solid

4.1.1.2 Properties
4.1.1.2.1 Mechanical
4.1.1.2.2 Physical
4.1,1.2.3 Chemicatl
4.1.1.2.4 Thermal

4.1.2 1Industrial Goods

4.1.2.1 Types
4.1.2.1.1 Polymeric
4.1.2.1.2 Metallic
4.1.2.1.3 Ceramic
4.1.2.1.4 Composite

4.1.2.2 Properties
4.1.2.2.1 Mechanical
4.1.2.2.2 Physical
4.1.2.2.3 Chemical
4.1.2.2.4 Electrical/Mechanical
4.1.2.2.5 Opticail
4.1.2.2.6 Accoustical

4.1.3 Finished Goods

4.1.3.1 Classes
4.1.3.1.1 Consumer
4.1.3.1.2 1Industrial
4.1.3.1.3 Military

4.1.3.2 User selection criteria
4.1.3.2.1 Appearance
4.1.3.2.2 Function
4.1.3.2.3 Economic Value
4.1.3.2.4 Status Value
4.1.3.2.5 Environmental impact
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4.2 Other outputs

4.2.1 Scrap
.2.1.1 Recyclable
1.2 Waste
lution
Air
Water
Land/soil
Ecocycle
Noise

4
4.2.
4.2,2 Pol
4.2.2.
4.2.2.
4.2.2.
46.2.2.
4.2.2.
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TRANSPORTATIQN TECHNOLOGY

- - . e {
INPUTS PROCESSES OUTPUTS
f I —/
ﬁ?DES/SYSTEMS(Environmental)
4
f T T 1
TERRESTRIAL MARINE ATMOSPHERIC SPACE
— i 1 i
FUNCTIONS
- People - Acts of Transportiang - Social
+ Siills + Receiving . Human Interacticn
+ Attitudes + Holding/Storing :\Recreatlonal
+ Knowledge + Loading + Etc.
(Personal & + Moving
Accumulated) + Unloading - Productive
+ Delivering + Relocated
- Materials/Goods Raw Matertals
- ﬁcgi ofiuanaging + Relocated Goods
- Energy anning + Relocated People
+ Organizing + E
- Finance + Directing te.
+ Controlling - Environmental
Capitcal Imperatives

+ Plant/Structures
+ Equipment

+ Planned/Unplanned
+ Negative/Positive
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TRANSPORTATION TECHNOLOGY -~ INFRASTRUCTURE

EVOLUTION OF TRANSPORTATION
INVENTIONS / INNOVATIONS
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-~ 1 Technological Base
1.1 Elements of Transportation
1.1.1 Human Mobility
1.1.2 Activity (Movement of Goods and People)
1.1.3 Physical (Natural and Man-Made)
Conquest of Time and Space
Foundational Developments
1.3.1 Inventions
1.3.2 Innovation
1.4 Traneportstion Systems (People)
1.4.1 Personalized (Individual)
1.4,1.1 Random Route
1.4.1.2 Fixed Route
1.4.2 Mass Transit
1.4.2.1 Random Route
1.4.2.2 Fixed Route
1.5 Transportation Systems (Materials and Goods)
1.5.1 Natural Forms of Moveme1t
1.5.2 Technologies of Trausport
1.5.2.1 Containers
1.5.2.2 Vehicles
1.5.2.3 Terminals

. 1.5.2.4 pPathways
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1.6 onment Mediums
Tervestrial
Marine
Atmospheric
Space
Interrelated
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2 Acts of Transporting
2.1 Receiving (People/Materials and 3oods)
2.1.1 People (Personalized and Mass Transit)

2.1.1.1 Terminal (Multi-Modal Interface Facility)
2.1.1.2 station (Bi-Modal Interface Facility)
2.1.1.3 Rendom and Fixed Points
2.1.2 Materials/Goods (Bulk, Gross, Packaged)
2.1.2.1 Terminal (Multi~Modal Interface Facility)
2.1.2.2 warehouse (Bi-~Modal Receiving Facility)
2.1.2.3 Random/Fixed Points
2.2 Holding/Storing
2.2.1 People (Personalized and Mass Transit)
2.2.1.1 Terminal
2.2.1,2 Station (Intermodal)
Z2.2.1.3 Random/Fixed Point (Intra-Modal)
2.2.2 Mat.vrial/Goods (Bulk, Gross, Packaged)
2.2.2,1 Terminal
2.2.2.2 warehouse
. 2.2.2.3 Random/Fixed Points
2.3 Loading (People/Matetlals and Goods)
2,3.1 Manual

2.3.2 Mechanical (Manually Operated)
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.4.1.1 Human Locomotion
.4.1.2 Carts & Wagons
.4.1.3 Railways

1.3.1 Conventional Surface Rail
1.3.2 Subsurface Rsil

1.3.3 Elevated Rsil

1.3.4 Trolley-Rail

Personal Rapid Transit

Bicycle

Motorcycle

Automobile

Bus

Snowmobile

Special Purpose

.1.10.1 Elevators
.1.10.2 Escalators
.1.10.3 Moving Sidewalks

Tube Transportation
Muici-Modal

Railway ‘
Truck
Continuous Capacity Systems (Stationary)

.2.3.1 Conveyors (Mechanical/Pneumatic)
.2.3.2 Pipelines

Modes and Systems
Iniand Waterways

.3.1.1 Canals
.3.1.2 Rivers
.3.1.3 Lakes

.3.1.4 Coastal

Transoceanic Maritime

.3.2.1 Canals
.3 2.2 Oceans

Marine Modes (Personal/Mass & Bulk/Units)

3.3.1 Canoe

3.3.2 Power Boat

3.3.3 Sail Boat

3.3.4 Raft

32,3.5 Barge

3.3.6 Towboat

3.3.7 Tugboat

3.3.8 Hydrufoil Vessel
3.3.9 Hovercraft Vessel

377




3.1

.10 Container Ship

.11 Tanker

.12 Freighter

.13 Aircraft Carrier

.14 Ocean Liner

.15 Merchant Ship

.16 Battleship

.17 Cruiser

2. 4 3 .18 Submarine

2.4.4 Atmospheric Modes & Systems (People and Goods)
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.4.1.1 Rigid Airship
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.4.2.1 Conventional Aircraft (Passenger)

.4.2.2 Helicopter

4.2.3 Military Aircraft

.4.2.4 Special Purpose Aircraft

.4.2.5 Cargo Aircraft
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2.4.5.1 Manned Space Vehicles
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2.4.5.2 Unmanned Space Vehicles

2.4.5.2.1 Missiles
2.4.5.2.2 Launch Vehicles
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2.4.5.2.4 Space Probes
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2.5.1 Automated/Mechanized
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onversion Systems
.2.1 1Internal Ccmbustion
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1 Mechanical /Mechanical
2 Chemical/Chemical

.3 Electrical/Mechanical
4 Chemical/Electrical

Propulsion Systems

3.2.1 Mechanical Drive System

3.2.2 Hydraulic Drive Systems

3.2.3 Electiric Drive System
3.2.3.1 Generator/Motor (Rotary)
3.2.3.2 Linear Induction

3.2.4 vacuum

3.2.5 Cravity

3.2.6 Reaction

.2.6.1 Water Jet
.2.6.2 Air Reaction
.2,6.3 Rorket (Liquid/Solid)
3.2.7 Storage Devices
Suspension Systems
3.3.1 Mechanical Suspension
.3.1.1 Wheel on Surface
.3.1.2 Wheel on Rail
.3.1.3 Wheel on Guideway
3.1.4 Monorail Systems
3.1.5 Sliding Devices
3.3.2 Fluid Suspension
3.2.1 Aerostatic Lift
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3.3.3.2 Electromagnet
Control Systems (Degrees of Freedom)
3.4.1 Velocity Control
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4.2 Directional Control
4.3 Attitude Control
4.4 Altitude Control
4.5 Vehicular and System Control
3.4.5.1 Manually
3.4.5.2 Remotely
3.4.5.3 Regulatory
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Sensing Systems
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3.7.2 Personnel
.7.2.1 Selection
.7.2.2 Training/Education
.7.2.3 Career Opportunities
.7.2.4 Economic Factors
3.7.3 Systems Regulatory Factors
.7.3.1 Laws and Regulations
.7.3.2 Licensing
.7.3.3 Enforcement
3.7.4 Opera.ional Systems
3.7.4.1 Traffic Management
3.7.4.2 Scheduling
3.7.4.3 Routes and Routing
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Environmental Factors
4.1 Human/Social
4.1.1 safety
4.1.2 Human Values and Desires
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4 Comfort/Convenience
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7 Privacy
nomlc/Service
.1 Transportation Costs
.2 Access to Employment Opportunities
.3 Efficiency
sical and Functional
.1 Effects on Land Use
.2 Adaptable to Future Needs
.3
A
h
.1

[SE R i S =

O

bm uwwuw NNNO [l R e ]

4.3 h

Flexibility
Adaptable to Intermode Op: 3tion
etics
General Appearance in Relationship to Surrounding
Environment
4.4.2 Conservation of Natural Resources
4.5 Interrelated
4.5.1 Level of Noise
Air and/or Water Pollution Characteristics
Neighborhood Growth and Pevelopment
Accessibility

4.4 t

L\:L\bbb"dbbb

P S
(VR V, V)
WK

"y
-
Py




APPENDTIX B

A Base for Curriculum Derivation

from

Snyder, James F. and Hales, James A. (Ed.).
Jackson's M211 Iudustrial Arts Curriculum

Charleston: West Virginia Department of Education, 1981.
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APPENDIX B

A BASE FOR CURRICULUM DERIVATION

SOCIETY AND CULTURE

The relationship bte°ween human beings and their social
2nd natural environment .as changed significantly since the
beginning of civilizetion, The quality of the human
condition and the survival of the human species has been
determined over the last million or so yasars, not so much by
the resources available or the social climate in which
humans lived, but by the development and use of tools,
machines, naterials, and techn.iques.

With the evolution of new forms of socio-technological
organizations and the development of tools, machines,
materials, and techniques, it became obvious that technology
was a total system composed of many elementt and subsystems,
each criticsl to the functioning of the whole. This 1is a
new perspective, a new way of perceiving technology and
technic.l development.

What were once separate crafts, trades, or enterprises
with one-dimensional relationships have become systems OT
subsystems with multidimensional relationships. Emerging
from this new perspective have heen four distin t, yet
fiaterrelsated and 1interdependent industrial/techrnological
systems: communication, constructien, manufacturing, and
trangportation. Each of these systems and their subsystems
has b»een 1in existence at some level of development
throughout the history of civilization. Each has a central

thema, is universal in all societies, has unicue questions
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and problems, and contributes in sonxe way to the survival
and potential of human beings. Creative endeavore in each
of these primary technical systems have brought about new
choices as well as new problems for human beings.

New developments in the technical means of communi~-
cating, constructing, manufacturing, and transporting can
cause soclal change. The accumulation of a more
sophisticated and potentially destructive technical means,
often with global impact, has forced people to recognize
that continued acceptance of new technical means without the
assessment of the impact of these means on people, the
social order, and environment can no longer be tolerated.

It is ev.dent that our collective human actions, using
more powerful and potentially destructive technical means
within a finite and fragile environmeat, can result in
consequences detrimental to continued human evolution and
development. Choices made today about the nature of our
technical means legislate the future, sometimes
irreversibly, such as chemical dumps, highway construction
or the use of pesticides.

To counter this self-destructing movement locally,
nationally, and globally requires intelligent human action
control adaptive systems which have until recently provided
our survival potential, These same systems have the
potential of becoming destructive to human beings and social
purpose. The solution to this problem 48 the control of our
technical systems for the human social purpose. This will
require an understanding of the behavior of these systems
and the relation of these systems to human beings, their

social purpose, and the environment.

DOMAINS QF XNOWLEDGE
Scholars throughout the ages have identified, codified,
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and recorded knowledge which enables humans to adapt to the
environment in which they must live. Such knowledge pssses
from generation to generation through genetics but wumainly
through that socialization process we call learning. The
cognitive perceptions we have of our total environment make
up what we call knowledge. The context of that knowledge is
based on what has happened, but the function of knowledge 1is
definitely prospective. Knowledge gives us an under-
standing of what was, what is, and what can be. Humans 8seek
higher forms of &nowledge that they can apply to their
environment.environment.

Knowledge throughout the ages has been provided with a
syntactical and conceptual structure to make it useful for
continued wmanipulatien of the mnatural and human-made
environment. Scholars find it efficic¢nt and useful to
separate bodies of knowledge 1into disciplines. Yet
different disciplines focus their attention on the same
phenomena and issues. Those natural phenomena, human/social
activity, or other aspects of human concern on which all
members of the several disciplines focus their attention
constitute a domain. At the risk of over-simplification, we
can say thav conceptual activity and its recorded literature
have been arrayed into what we call domains of knowledge.

As one might expect, there is not & consensus among
scholars as to the designations or paraceters of each
domain. In some cases they are divided to meet the needs of
specific groups, seocial classes, or global societies. The
public schools, for example, have not reached consensus on
the body of knowledge for the teaching/learning process.
This does not 1imply chaos but diversity within each
system.The domaina selected by the Jackson's Mill Curriculum
Symposium participants are based on the realization that
cultural universals can be isolated for the purpose of

analysis into four domains. ‘these domains provide the
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cognitive base for human adaption in the natural
environment. The domains, as presented in Figure 1, are (1)
sciences, (2) Humanities, (3) Technologies, and (4) Formal
Knowledge. All domains are intrinsically linked. The
fourth domain, formal knowledge, represented by linguistics,
mathematics, and logic is a separate, distinct domain

providing form and structure to the other three domains.

Domains of Knowledge

Figure 1

HUMAN ADAPTIVE SYSTEMS .
The evolution of human beings and their social and

technical orders can be understood by analyzing three human

adaptive systems; the technological, sociologicel, and

ideological. Ideological systeme are conce ned with the

values and beliefs of society. Sociological systems are
330
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patterns of societal endeavor, characterized by social

"organigation and regulation. Technological systems pertain

to the technical means of manipulating the physical world to
meet basic needs of survival--food, clothing, shelter--as
well as providing other goods, services, and weans for
extending human potential.

The three systems shown in Figure 2, Ideological,
Sociological, and Technologic. . are interrelated and exiel

within & man-made/natural environment.

NATURAL
ENVIRGNMENT

Human Adaptive Systems

Figure 2

It was further established that the domains of
knowledge are interfaced with the three major human adaptive
systems. Human adaptive systemns mutually interact with the
domains of knowledge and contribute to each other. This

interaction 18 shown in Figure 3. Hence, as people discover
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more knowledge, it helps them to adapt. As people develop
better and improved ways to adapt, they contribute to the
domains of knowledge.

DOMAINS OF KNOWLEDGE ADAPTIVE SYSTEMS

MUTUAL ’i
INTERACTION 1/

7 AND
NATURAL
ENVIRCNMENT

@

Mutual Interaction Model

Figure .

There 1s a fundamental rule of biology which sgtates
that an organism adapts to the environment in which 1t
lives or becomes instinct. However, there are very few
stable environments, even for animal life in the depths of

the ocean. Life forms, therefore, must accept input,

process that input, and ®modify behavior for survival. PFor
humans, this 1s accouwplished by processing knowledge and
arranging it into new forms and adding new knowledge. This
accumulation process provides the human with enormous power
which must be used judiciously in orde; to eliminate
negative results. Knowledge is indeed adaptive iafocsnation.

As people develop movre knowledge, it helps them “o adsapt.

Conversely, as they develop better ways to live, they

@

contribute to the domains of knowledge.




Historically we can trace the adaptive process from
basic biological forms to higher psychological and
sociological forms. Constraints impused by nature and other
humans are mediated through the societal 1institutions
created for that purpose. Thus, sociocultural systems
emerge from the feedback exchanged between the various
svouystems. FPeedback provides self-regulation for the
adaption process. The basis for this activity is
communication.

The mutual interaction model presented in Figure 3
represents a system that 1is a complex of components related
directly or indirectly in a casual network, with two or more
components related to one another at any given moment. As 2
result, every adaptive system requires change as anecessary
ingredient for survival. Survival is, therefore, dependent
upon functional prerequisites. Each adaptive systen
discriminates, responds to data, 2nd maps such information
into its organization. As a result, the system becomes
selectively related to the natural environment. The
adaptive systems utilize knowledge and knowledge processes
(e.g. learning, perception, limitation, thought, decision
making) to create new knowledge.

All forms of life have constraints which require the
ability to extend potential for survival., The human is no
exception to this fact. Through the evolutionary process
the human has gained the opposable thumb, stereoscoplc
eyesight, the ability to stand upright, and increased brain
size, among other attributes. However, these biological
adaptations have not been adequate to meet the needs for
sustaining human life. Adaptations have been taking place to
extend human potential for millions of years. The use of
tools, techniques, resources, and knowledge to extend the
human body exist in the adaptive system we call technology.

The human continues this process and has advanced to & stage
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that we refer to s&s the wman-made environment and an

industrial, technological soclety, As & result, it {is
imperative that the study of the adaptive system we call
technology and the societal institution, industry, be :one
pararount in the education of every student. At the same
time, it is absolutely esesential thst the interaction among
the adaptive systems (along with the interaction with the
domains of knowledge) be integrated f{nto the discipline we
call Industrial Arts. The school is a microcosm of the
totality of knowledge. Industrial arte represent a
conscious effort to focus on the interaction between that
knowledge and the adaptive systems we call technology and
industry,

Each of the human adaptive systems interrelate on an
individual, group, and institutional basis. In addition,
each human adaptive system has an evolutionary development
which 1is “internally unique." Yet, the system influences

the other systems in its evolution.

UNIVERSAL SYSTEMS MODEL

In coping with the problems of human existence, people
have created societies that are diversge and complex. One
problem confronting industrial arts teachers is how to sort
out all of the cowmponents of human endeavor and classify
them in a meaningful way.

Regardless of the categories that are finally
identified and explicated (for educational purposes), it can
be said about them that each category represents a “"human
adaptive system.” That they are human separates them from
those that exist in lesser forms of 1life. That t*ey are
adaptive implies that people constantly seek accommodation
to their environment. That they are gsystems suggests there
1s some regularity to human adaptive behavior and that the

elements of the system . relate in orderly, pridictable ways.
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A systea involves combinations of elements or patts.

the parts of a systenm work together, they accomplish a

desired goal.
To sssist in u.derstanding the construct system, &

universal model of a system is presented in Figure 4.

INPUT PROCESSJ OUTPUT

FEEDBACK —2

Universal Systems Model

Figure 4

The "inputs”™ to the systen provide all neesled resoutces
to accomplish The goals of the system. The “"processes’  are
the means the appropriate means of bringing about system
goals using the 1inputs (resources). The “"outputs” of the
system include the means oOr goals (products, services, or
desired results) as they become parts of the newly
accomodated environment within the gsociocultural context.

The "process” portion of the model provides us with the
boundaries of our unique discipline. Within the process
boundaries are to be found the concepts, principles,
generalizations, and unifying themes of technology (the
¥nowledge of appropriate technical means). This qualifies
our field of study to be considered as "process education.”
Other kinds of human knowledge are to be found in the

“{nputs” and “outputs” of a system.
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System Inputs

To understand the universal systems model, the first
element to be considered is "input." Six general clastes of
inputs need to be considered: (1) pecple, (2) knowledge,
(3) materials, (4) energy, (5) capital, and (6) finance.

People: Human beings should be thought of as the
most important input to the system. Without people,
and their needs and wants, a human adaptive system
would not exist. People bring to the system s varied
background of knowledge, attitudes and skills that are
needed to make the system work.

Knowledge : This major class of 1input exists

within people or is retrieved or generated by people.
It 18 so fundamental to the successful accomplishment
of the ends (output) or goals of the system that this
class of input needs additional explanation. People
bring to the system the knowledge of the sciences and
the knowledge of the humanities. Technological
knowledge 1s generated by the system--the appropriate
technical means to reach the desired goals of the
system. Such technological knowledge would not exist
1f it were not for the existence and operation of each
unique system. Knowledge of the biological, physical,
and social sciences is critical, as well as the succesec
of the system. Perhaps of wmost significance {8 the
knowledge of the humanities, (e.g§., ethics, morals, and
values) as people investigate the very reasons for the
existence and propagation of the system. Therefore, a
human adaptive system 18 a self~correcting mechanism
created by people to gserve the will of the people.
Materials: Materials (e.g. iron ore, petroleum,
paper) are inputs to & system that are used and/or
processed. The supnly of materials must be thought of

a8 finite and their use carefully considered.
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Energy: Most human activity requires enetrgy
sources bzyond those of the human being. Like
materials, energy must be carefully applied and
consumed since certain enerxgy sowurces are becoming
depleted at an ever accelerating rate.

Capital: Systems need capital. Capital is
defined as the buildings, mwmachines, tools, and
equipment that are needed to perform the processes of
the system.

Finance: The last input to a system is finance oOr
money. A system of exchange is needed to pay for all
of the other required inputs. Therefore, money is used
to buy the services of people, materials, energy,

capital, and knowledge (data or information).

System Processes

The second major element of a system is "process.
Each system of human endeavor has a scheme of actions or
practices. This scheme may be referred to as the technical
means of the system. The knowledge of these technical means
ie "technology.”

The technical means would not have become systematized
if the adaptive behavior had not been performed, imitated.
and institutionalized through time. The processes of a
system can be analyzed and structured into a meaningful
sequence of purposeful action. ©Process may be considered as
the appropriate means of developing products, services, oOr
conditions (results) that are valued.

The impact of these technical means on society and
culture must be carefully assessed. The assessment allows
the system to function or to be modified. For example, if a
manufacturing system disposes of its wastes in a careless

manner, this activity should be terminated.
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System Outputs

The third element of a syetem is “output.” The output
of a system is the goal (or ends) to which all of che inputs
and the processes (technical means) are applied. These ends
may be products, services, or other desired conditions
vithin the environment. The goal of the system is to place
people in harmony with their culture and society. The vslue
of the outputs must bhe judged ultimately om the basis of
their impact on the quality of 1life for the total world
population.

A system requires assessment, adjustment, and constant
redirection. There must be adequste feedback mechanisas to
provide the preferred directions for the system.

Systems operate within the context of the ideological,
sociological, and technological concerns of people. 1f a
system functions to fulfill the best that gecple establish

as their goals, progress for mankind will be assured.

THE ROLE OF SCHOOLING

The study of industry and technology, with the goal of
understanding and enhancing human potential, nay be
accomplished if a reasonably accurate and well defined model
is derived from which curricular and programmetic decisions
can be made. At issue is how to structure the study of
industry and technology for basic or general education of
ell youth and adults.

Schooling should provide insight into the relatiomship
of technical means to human beings, socisl purpose, and the
environment., A s8tudy of human adaptive systems will
contribute to such insight. To assist in the derivation of
industrial arts curriculum, a model based upon human
adavtive systems would be useful.

The approach to the study of our adaptive systems can

)
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be from several perspectives. Whatever perspective is used
must be compitible with the definition of industrial arts as
determined for the purpose of this document. The focus must
be on the human element--human endeavors in creating and
using tools, techniques, resources, and systems to manage
the human-msde and natural environment for the purpose of
extending human potential and the relationship of these to
individuals, society, and the civilization process.

The approach to the study of adaptive systems, Figure

5, can be from a sociological perspective. In this context

the focus would be on institut?fons including family,
religion, government, education, and the economy. The
M“
ICEOLOGICAL SOCIOLOGICAL TECHNOLOGICAL
(BYSTEMS OF SELIEFS) (SYSTEMS OF RELATIONSHIPS (SYSTEMS OF EXTENBION OF HUMAN
AMONG PEOPLE) ORGANIC EQUIPMENT)
PERCEPTIONS OF FAMILY TooLs
VALUES GOVERANMENT REBOURCES
NORMS EDUCATION - SUS-SYSTEMS
! ECONOMICANDUSTRY -
| . i
lm-m--m--ulal-u--uuLAﬂouswws--u--u--u--u--u-l

(INDIVIDUAL, GROUP, iNSTITUTIONAL)
EVOLUTION ——>-

EVOLUTION———bp-

e EVOLUTION mendp-

Adaptive Systems Components

Figure °
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primary institution of concern to industrial arts has been
industry. The study of adaptive systems from an industrial
perspective would provide understanding and insight into the
economic institution that appropriately utiiizes resources
to efficiently produce goods, services, and information to
meet the needs and wants of individuals and gociety.

The study of adaptive systems can also be approached
from an idevlogical perspective where the content would
address values, beliefs, assessment, problems, issues,
impacts, new knowledge structures, and perceptious of
reality as well as new or future gocial directions.
Studying adaptive systems may also be approached from the
technological standpoint including: the means of producing
food, <clothing, shelter, and other material needs of
society; ccuwmunicatiag information; and transporting goods.

The universal technicel systems which have evolved are
communicatioa, construction, manufacturing, and transpcr-
tation--technical systems that are basic to every society.
These systems are related to each other, but are unique in
the types of questions and problems pursued and in their
structure, concepts, and goals.

Each of these systems is related to the others in
various degrees; the strength and magnitude of these
relationships depend upon the focus of the systems imvolved.
Similar essential relationships exist among the several
adaptive e¢vstems: sociological, technical, and ideological.
The magnitude and frequency of these relationships vary
depending on the focus of these systems. For ingstance,
there has generally been a more direct relationship between
the study of sociological systems and technological systems
than between the study of sociological and ideological
systems. Likewise, the relationship between the study of
technological systems and ideological systems is

signigicant. It involves the evolution of the systems,
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ascessment of the te.hnical weans, and concern for the

future of technical development with respect to social
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Figure 6
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purpose. 1t is iJmpourtant to note that r.gardless of the
system involved, or the focus of the study of the adaptive
systems, 31l svstcems exist within a social and natural
environment. This e¢onviroament provides the conditions for
the creation, the development, and the use (and limtts of
use) of technical means.

An analysis ot this system of creative endeavor can be
accomplished by use of the systems model described above:
the input-process-output model. The relation of this model
to the study of industry and technology 1s 1llustrated 1in
Figure 6. The model provides a means for a currirulum base
for industrial arts as a study of industry and technology.
Tne universal systems model (input-process-output) recog-
nizes the importance of both technical means and societal
institutions 1in serving human needs and sgocial purpose

~-Figure 4.

CURRICULUM THEORY

it is the function of curricu’um theories to generate a
bridge between the domains of knowledge and the teaching/
learning procees. The Curriculum Interaction Model,presented
in Figure 7, utilizes the universal systems model in a
unigue relatiouship with the adaptive systems we call the
technological/snclological adaptive systems. The model
places emphasis on subject matter within human techno-
logical/sociological endezvors while providing an integra-
tion with the natural environment within a time demension.
Each component of this activity functions within a system
and subsystems which, by their very nature, rely on 1inputs,
process these inputs, and produce specific outcomes
(output). The model illustrates a concern for the
integration of knowledge with emphasis placed on the
discipline of industrial arts. The model has cognitive

power, incorporates the sffective dimension, while providing

Y
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sample opportunity for the development of psychomotor skills.

Environment

Evolution of Soclety and Cultuio

a
E 4
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%mcess o«‘Q:..\
o
Past opel” @© o
= e

Mfg. Const. Comm. Trans.

Human Technological / Sociological Endeavors
(What people do)

Curriculum Interaction Model

Figure 7

T* ~ughout the development of 1industrial arts, mwmany

terms have been ugsed to categorice or clessify content.
These terms have ranged from materials (e.g., woo's, metals,
plastics), to processes (e.g., drafting, graphic arts), to
physical phenomena (e.g., energy, power), to technological
systems (e.g., communication, manufacturing). This mixture

of terms has caused leaders in the prof:2ssion to search out

a single, consi.tent principle for ovganizing curriculum

content.
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Traditional 1logic has provided a fundamental rule of
classification. This rule suggests that some one aspect
(single principle) of the “"facts” must be adhered to for the
entire classification. Thus, 1t would be a violation of the
rule of the "single principle” to suggest that the content
categories of {ndustrial arts are drafting, woods, energy/
pover, and manufacturing, for example. Such a listing uses
several organizers or ways of looking at content.

By developing & rationale that contends that the
subject matter of {ndustrial arts is involved with
"appropriate technical means,” set within the context of
universal systems models of che ideologiral, sociological,
and technological adaptive “uman systems,” then the single
organiring principle becomes “"human endeavor.” Hence, no
division or category of subject matter may qualify for
congsideration unless it applies to human adaptive behavior.

Many potential structures have been propcsed for the
analysis of our technological systems. The one model which
seems to be accepted nationally and internationally,
recognizes four subsystems of human Cechnologicallkocio-
logical endeavor. These are communication, construction,
manuacturing, and transportation. These relate to the
rhysical technologies, distinct from other human activities,
such as health care systems and defense systems, which use
various technical means for monitocring the status of an
accident victim or provide the =xeans of transporting
ordinance during times of national emergency.

The subject area of "power,” or “energy/power,” often
suggested as a ma, or division or principal category of
industrial arts subj:ct matter, simply does not qualify as
"human endeavor.” Energy is an input to &ll human adaptive
systems and power is the output of mechanical systems
designed to do work. Th retore, energy/power considerations

should be organized and iaught as integral to each of the

.
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four major categories of adaptive behavior.

Human Technological/Sociological Endeavors
Within the identified subsystems we find both technical

and sociocultural elements intrinsically linked to
perpetuating the human race. The categories may appear in
different forms depending upon the setting in which they
exist, Whether we study the culture of the United States or
third world countries, it is a fact that these categories
exist., The technical components consist of the tools,
resources, techniques, and systems. The socio~-cuitural
components consist of individusl and institutional responses
for utilizing and responding to the technical means. This
relationship 18 absolutely =2ssential to human existence.
Educating people within this context helps to ensure that
individuals ceén wmake rational decisions concernin; the

adaptive subsystems they develop.

Evolution of Society and Culture

It was stated in a preceding section of this paper that
- knowledge 18 the body of information accrued through the
ages. It is this reservoir of human input which provides a
great deal of the input idnto curriculum development. The
human has profited immeasurably from .he lessons learned in
“he past. History broadens our perspective and reminds us
that it is the human that must assume tle responsibility
for the condition of the natural and artificial environment.
The technical and societal means that we utilize on a daily
basis are the result of a lireage of ideas which have come
from combining ideas and resources. Innovations do not
surface from a void but rather from a lineage which nust be
comprehended in order *o jive us direction in the future.
The future of humankind is an unknown quantity. The

future of a society could only be known in a perfectly
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static society. In today's world, few societies, if any,
escape the many transformations fos.ered by industrial/
technological growtin. These changes may vary in intensity

among nations, but for the most part, surpass any in history
in terms of speed and pervasiveness. It 4s Jopparent that
some changes have come too fast, resulting in unforseen
events. Today, as we transcend the 1industrial ers,
alternatives are not easily identified. Part of our problea
in working within this context is that since the future does
not exict, it cannot be studied. We can, however, study
theories of what the world may be like. These theories are
developed largely from what was, what is, and how we believe
it is changing. The key element in this process is planning
for futures that are appropriate for sustaining a human and
humane life. In order to accomplish this, we utilize
knowledge (past) and images of what we want (future) $n our

decision-making/action-taking systems (present).

Environment

At the present time, humans are restricted to the
planet earth, which has finite limits. The use of industry
and technology as adaptive systems requires vast amounts of
natural resources which 1in wmany cases are 4irreplaceable.
The survival of the human race 1s literally dependent upon
an awareness of this as well as the decisions made within
that context. Resources are not distributed evenly around
the planet, making our gliobal environment interdependent.
Interdependence refers to the technical and socio-cultural
context in which we ust live. Today's student must
understand this microcotem and realize that individual and
corporate decisions affect its existence. Survival requires
responsible use of resou-ces and technical means which

raises value questions hat can only be ansvered

realistically by an educated populace.
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A BASE FOR CURRICULUM CONCEPTUALIZATION

THE CURRICULUM BASE

The content for industrial arts 1is drawn from t' -
knowledge of the three systems of human adaptive behavior
and human technical endeavors which exist to extend human
potential. The subsystems of the human technical endeavor
are comaunication, construction, manufacturing, and
traunsportation. Each o0f these subsystems represent a
discrete human endeavor which can be studied in 1isolation.

For example, throughout history people have manufactured

‘ goods, constructed structures, communicated 1deas, and

transported goods and people.

Through human interaction 1in a given socio-cultural/

physical environment, people have used knowledge, materials,

finance, energy, and capital to design, engineer, implement,
control, and reconceptualize the four subsystems to achieve
the goals which are unique to the systems.

Whether for personal or societal reasons, an individual
or a group of individuals may develop and use one or more of
the systems to fulfill an economic need. Such needs include
making a profit or a broader societal goal, such as creating
a cleauner environment.

If the motivation for «c¢stablishing ¢the system 1s
econogic, the system 18 institutionalized. Unique goals are
defined for the organization such as making a profit,
staying i1in a particular business, expanding business
operations, etc. The system may also contribute to broader

‘ societal objectives, gsuch as providing goods and services,
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enhancing the 1ation's prestige, incteasing the individual‘®s
standard of lLiving, providing for security and defense, etc.

Individuals may also use the system to meet personal
goals such as building a structure, communicating a position
on a given issue, manufacturing a plece ot furniture, or
transporting a family on a vacation.

The goods and services provided or produced by an
organization may be used by fndividualspeople to fulfill
personal needs (express themselves creatively, produce their
own food, clothing, or shelter, etc.). The products of an
organization may also be used to meet societal needs (save
energy, provide a more whnolesome environment, etc.). Hence,
each of the subsystems represents a unique numan endeavor
defined by the nature of {ts activity. Each subsysten
exists 1n a socio-cultural/natural environment to meet the
goals of an economic 1tnstitution and/or the goals of

society.

To properly understand the four subsystems, they must

be viewed as they interrelate with each other. For example,
manufactured goods are transported for wholesale and retail
distribution; communication devices are developed and used
as management tools for each of the four subsystems; and
manufacturing is employed to produce materials, devices, and
messages used by manufacturing, communication, construction,
and transportation systems. This 1interrelationship 1is

illustrated in Figure 8.
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Interrelated Technical Adaptive Systems

FPigure 8

Comamunication, construction, manufacturing, and
transportation systems have common threads of similar
organizational procedures, such as wmanaged productive
processes, and the interface among the four subsystems as
well as with the other adaptive systems, Figure 9. While
each subsyste- exists to achieve specific goals and has &
unique heritage, it is ccntinually impac-ed by the
natural/socio-cultural environment. Since each subsystem is8
developed, managed and jmplemented by i{ndividuals or groups
of people, they experience a varied range of intellectual
processes relative to analysis, synthesis, conceptu=

alization, etc.
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These often result in a managed productive systen.

impects on individusls,
Soctety & The Environment

FAST

PRESENT

FUTURE

The Global Context of Human Technical Adaptive System

Figuce 9

Common

to all four subsystens of a human technical endeavor are the
following:
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PRODUCTIVE PKOCESSES: thoee activities designed
by people which utilize selected inputs to reach
desired goals.

MANAGERIAL PROCESSES: those activities designed
by people to iunsure that productive processes are
performed efficiently and appropriately.

MANAGED PRODUCTIVE SYSTEM: a system developed by
people in which each step in the transforaation of
inputs to outputs 1is efficiently planned, organized,
directed, and controlled with respect to company goals

and in concert with society objectives.

The unique aspects of the four subsystems of human
technical endeavor are presented in the following

narratives, charts and diagraas.
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