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PREFACE

These guidelines have been produced to help teaching teams

implement a multi-disciplinary team approach to The Man Made World1

course which was developed by the Engineering Concepts Curriculum
Project 2 (RCCP),

The writing team and initial printing of this document were
supported by the National Science Foundation (NSF) through a
Cooperative College School Science (CCSS) project3 with the College
of Engineering at the University of Colorado; Project Director,

Dr. George Maler, Associate Dean. Some support, in the form of
facilities and personnel time, was also furnished by the Jefferson
County Public Schools, Lakewood, Colorado, and the Colorado Department

of Education.

Members of the writing éroup, each of whom taught The Man Made

World as a member of a teaching team using a multi-disciplinary approach

in the 69~70 school year, are:

Mr. Larry Bradsby Mr. Gary Cameron
Mathematics Sociology - Psycologzy
Arvada West High Wheatridge High

Arvada, Colorado Wheatridge, Colorado
Mr. Armin E. Graber Mr. Wallace K. Sherertz
Physics - Physical Science Mathematics

Cheyenne Mt., High Wheatridge High
Colorado Springs, Colorado Wheatridge, Colorado

lmhe Man Made World, McGrew-Hill Inc., 1968, revised 1970.

2Engineer1ng Concepts Curriculum Project; Polytechnic Institute
of Brooklyn, 333 Jay Street, Brooklyn, NY, 11201.

3N.S.F. - CCSS - Pn*asal, c.U. 69. 5. 289,
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Mr. Gerald D. Garland Mr. Gerald A, Hurst
Economics - Social Studies Language Arts

Golden High School éheyenne Mt. High

Golden, Colorado Colorado Springs, Colorado

Mr. Dean Larsen, Mathematics Supervisor, Jefferson County
Schools, and Mr. James Metzdorf, Science Consultant, Colorado
Department of Education, served as coordinators of the writing
group and assume editorial responsibilities. They also authored
part of the material. |

This document is a consensus of the eight members of the guide-
line writing team which reflects their evolving philosophy of working
with students and their first-hand experience in using a multi-
disciplinary team teaching approach,

In writing this guideline the authors have assumed that their
primary audience is a group of thirty prospective teachers who plan

to implement The Man Made World on a multi-disciplinary, team basis

in their respective schools in September of 1970, This group of

prospective teachers is attending a training program during calendar

1970. The guide will be used extensively in this training program.
This selection of prospective multi-disciplinary team members

as the primar& audience for this guide allowed the writing group to

cover 8 wider range of torics than otherwiise would have been possible.

The concepts dealt with in this guide require some basic understanding

of The Man Made World text and course content. However, this does not

mean that the guide will not be of value to other teachers and admin-
istrators. It is hoped that any school district considering implemen-

tation of The Man Made World will study this guide with the view of
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possibly using a multiedisciplinary, team approach. Any of the
authors of this guide will be more than happy to assist school

districts in implementing 'such a program.
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CHAPTER 1

Rationale

During the past three years many teachers of The Man Made World

have emphasized the concept of the interaction of technological
development and social change. Feeling that future citizens need
insight into this interaction, teachers wanted to design experiences
which would focus attention on the changes in social institutions
and 1life style that result from technological developments. A
second and equally important emphasis is an understanding of the
demands made and the priorities established by the society as a
whole, and the corresponding technollogica.l developments which are
produced in response to these demands.

Most teachers of The Man Made World can see the need for courses

with this emphasis. Many of them have expressed a feeling of beck-
ground limitation‘in implementing the course with the emphasis
described. For example, some teachers who are very effective at dealing
with the computer as a tool by showing its usefulneas in a variety of
situations, find themselves at a loss in demonstrating the social
implications of the computer. Similariy, other teachers, who are

able to show students the universal applicability of concepts such as
feedback, modeling, and a systems approach to decision making in a
variety of social as well as physical situations, are equally limited

in terms of dealing with the quantitative aspects of these concepts.

This feeling and insight led the teachers themselves to suggest a

multi-disciplinary, teameteaching approach. The teams were made up of

teachers from mathematics, science, social studies and language arts,

5




During the spring of 1968, teachers working with ECCP staff personnel
in several feedback sessions formulated the plan for a multi-

disciplinary approach. This plan resulted in five multi-disciplinary

teams teaching The Man Made World in Colorado during the 1969-70

school year. Looking back on this year of experience, advantages
of the multi-disciplinary team-teaching apprbach have been revealed
and need to be recorded.

It is the consensus of this writing group that the multi-
disciplinary team approach best produces a course with the desired
emphasis., The teechers are able to focus the course on the interaction
of technological development and social change. Both directions of
this interaction can be realistically purs?ed and examined. Hence,
students have & view of the role of technology.

The presence of a multi-disciplinary team gives each student the
opportunity for multiple contact with several teachers in a single
course. This diversity leads to effective communication between
teachers and students. As a result each student experiences a high
degree of involvement in the activities of the class.

Because they have effective communiéation with students, teachers
are able to identify students' needs and interests. The presence of a
multi-disciplinary team means that groups of students can approach a
given topic in a variety of ways, each receiving guidance from a teacher
whose interests parallel their own. It also means that a teacher with
particular strengths can work with students whose needs are in that
teacher's area of expertise. In general, this approach provides identi-

fication of the strength of each teacher and student, These strengths

can be used to increase the value of the class activities,




In every case, taachers experience an expansion .of their role. -
While all team members are knowledgeable in the fundamental concepts
of the course, the real expertise of each is in the appiication of
these concepts to his own area, be it.social studies, language arts,
mathematics or science, Thus the teacher is, at the same time,
an expert and a fellow learner with the students.

This expanded role of the teacher also provides insight for
students. They observe several teachers with differing viewpoints,
each contributing effectively to all the class activities. As a
result, expertise from a variety of disciplines is seen by students
as an essential element in formulating vé;lid solutions to complex
modern problems., This is a realistic view of the reality of good

human interaction: that is to say, people with a.'va.riety of back=~

grounds contributing their own unique abilities, under an agreed upon

set of procedures, to a.chieve optimum solutions to problems.
Teachers involved in & multi-disciplinary, team approach
experience increased professional growth., This growth occurs not

only in terms of content material but also in terms of the ability

to interact meaningfully with students and other teachers. Evaluation

of ones' efforts by students and team members from other disciplines
is a new experience for most teachers. This feedback helps to
increase each teacher's effectiveness. It provides the teacher with
new understanding of the students and new respect for fellow teachers

from other disciplines,




CHAPTER 2

Objectives and Evaluation

2=1 Introduction

Those who encounter The Man Made World will find it a refreshing

and unique experience for both studént and teacher--and therein lies
the danger. The point is, that it is not a course designed to =xploit
nbvélty, but to provide students with the opportunity to encounter
the "real world" in a meaningful and sometimes novel way. The danger

- 1lies in one's tendency to perpetuate novelty rather than accomplish
realistic goals and objectives.

The Man Made World seeks to maintain the content integrity of

other disciplines; it seeks to synthesize and integrate curriculum;
in short, it seeks to be relevant.

There are large numbers of games and activities which find
relevancy in this course~-and even more than those available are
those which students themselves will create. Students tend to be "game"
oriented and, therefore, it is important for the team to remain conscious
of it'sresponsibility to help students identify the relevance and
meaning of these activities.

Because of this tendency toward a "game" syndrome, realistic
goals and objectives, clearly and concisely stated, are of the
vtmost importance and not to be taken lightly.

The following goals and objectives have been suggested by high
school multi-disciplinary teams who have had experience with this
approach, It is to be understood, however, that the 1ist is neither

exhaustive nor minimal in its scope. Teams must learn to identify




for thenselves those objectives which are most pertinent to their
situation, and in this regard, must remain highly sensitive to
the needs of their students.

The objectives listed here do represent a concerted effort to
identify measurable outcomes, which can be assessed and evaluated
by both team and student. Expressions such as, "to ba exposed to,"
"to construct,” "to apply,! "to collect and interpret", and
"iﬁtemalize" are much more difficult to translate into observable
activity, although they indicate important outcomes.

It is, therefore, desirable to restrict the use of the latter
terminology to general goals of the course and reserve the former
for specific student objectives. Inherent in such an approach is
the assumption that success in the accomplishment of specific
objectives that will result in the accomplishment of course: goals will
depend upon the ability of student and teacher to view gpecific
objectives in terms of the whole course.

It is impossible to over-emphasigze the dynamic evolving nature
of The Man Made World or its objectives. The evaluation process should
result in a reassessment of objectives in light of student input and
a conatantly changing society. The technological responses to a
dynamic society will demand new activities and continuous course
adjustments.

Now a word about the evaluation section, which consists of
suggested approaches to evaluating the goals and objectives which
are established by individual teams.



It is generally conceded that an overemphasis upon
objective forms of evaluation may hetuct from the accomplishment
of overall course goail. A greater emphasis upon more subjective
forms of evaluation is considered to be effective in prodt_acing a
conscious awareness of the importance ot:_ one's growth in such areas
as fluency and flexibility, integration and synthesis, and divergent
thinking patterns. It is just as readily conceded that evaluation
techniques designed to get at such internalisged outcomes are not
easily translated into quantitative grading scales., Nevertheless,
such evaluation techniques are important, whether or not they can
be translated into grades. Therefore, some suggested "axioms" for
evaluation follow:

a) Objective techniques should be restricted to mechanical
skill-oriented goals.

b) Subjective techniques should, as much as possible, incorporate
student and group self-evaluation.

c) Students should be involved in developing criteria to be
used for grading. (possibly as a modeling exercise)

d) Grades should result from both subjective and objective
evaluation.

2-2 Student Goals and Objectives

The following goals and objectives for a multi-discipline team
approach to The Man Made World are suggested by high school temms
who have had experience with this approach.

In an atfempt to simplify the diverse activities which may take

place in suth a curriculum offering, four main headings have been
listed: '




I. Decision Making
II. Modeling
III. Man-Machine Interaction

IV. Technology-Society Interface

I. Decision Making
A, General Goals:
To understand the systems approach to decision making in
terms of the.elements, techniques, and consequences of the
decision.

To understand the significance of the algorithm as an
optimiging technique.

To understand that optimization of solutions to complex
problems, affecting society, requires a systems approach-
and that many different types of insight and expertise are
necessary to solve such problems,

B, Specific Objectives:
The student will:

Develop techniques for collecting data for a variety of
decision-making situations.

Analyze the reliability of data and recognite the necessity
of analyzing the veliability of data.

Identify constraints to various decision-making problems.

Formulate criteria and assign priorities to conflicting
criteria.

Be exposed to a variety of optimization techniques.

Formulate and apply algorithms to traditional and student-
devised problems.

Construct various kinds of models,

Examine the value of modeling in contemporary environmental

and sociological decision making, through the actual construction
of such models. '

Apply the model as an instrument of prediction.




II.

Modeling

A,

B.

General Goals:

To construct dynamic and static models which
represent real-world systems.

To apply such models to decision-making situations
in order to enhance predictability and optimization
of outcomes.

Specific Objectives:

The student constructs and applies the following kinds
of models:*

1, Descriptive - written statement of the sltuation. -

2. Mathematical -~ algebraic. o

3. Digital computer programs,

4, Circuits on the logic circuit board.

5. Circuits on the analog computer.

6. Graphical

7. Physical

8. Esthetic: drama, art, music, poetry.

*For a given modeling task the student should be able to
produce a variety of models (originality and divergence
are emphasiged).

The student will:

Apply one model to several conditions of the real world.

Construct feedback mechanisms to achieve goals.

State predictions based upon his model.

Differentinte between dynamic and static models and
systems. '

1N
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III. Man-Machine Interaction

A. General Goals:

To demonstrate that man designs devices which enable
him to survive and to alter his environment.

To understand the necessity of the "machine" as an
extension of man.

B. Specific Objectives:
The student will:

Identify physiological, biological and intellectual
limitations of man.

Demonstrate the necessity for machines to support these
limitations.

Demonstrate that the use of & machine requires input
and output.

Describe ways in which man uses technology to extend

his intellectual and biological abilities to provide
alternative life styles, efficiency in performing

tasks, more leisure and pleasure, and better ways to gather
information.

Distinguish between planned and unpredicted uses of
a machine.

Describe new uses for existing machines.

IV. Technology-Society Interface
A. General Goals:
The student should comprehend the requirements that

gsociety places upon technology as a result of societal
needs.

The student should understand the effects of technology
upon society.

3, Specific Objectives:
The student will:

Interpret his own limitations and the necessity for
technological extensions of himself.

9
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Describe societal changes which were not predicted and
vhich occured as a result of technical developments.

Identif& ways to effect change in our society.

Identify situations in which technology has
affected value constructs within society.

Construct and apply a model of a technological
development and analyze the change in society as
a result of that development.

Identify ways in which society effects changes in technology.

2=3 Evaluation
The following is a list of suggested techniques to be used
by students and teachers in evaluating the objectives and goals

of The Man Made World. However, after careful scrutiny of the

objectives, it should be apparent that evaluation has been dictated
by the nature and design of the specific objectives being treated.
The evaluation suggestions and techhiques have been divided
into two categories: I) student,and II) team.
I. Student

A, Contract:

The contract method requires a predetermined set of
criteria which, if satisfied, justifies a particular grade.
Such a system of grading can be used on project, quarter,
or semester basis, but is generally restricted to
individual projects, due to the unpredictable and flexible
nature of the course.

B, Self=evaluation.

Each student should be provided with the opportunity
to evaluate his own progress through teacher interviews,
Likert scales (example follows) and project analysis. Such
opportunity can provide both student and teacher with
greater inaight into student progress beyond the cognitive
level and make subjective grading more meaningful and
palatable to the student.




T
| D.

| II. Team
|
\

Group:

Group activities are prevalent and indicate a need
for group evaluation. It 1s suggested that not only does
the group evaluate such things as their collective efforts
to plan, organize, coordinate and integrate, but that
each individual be given the opportunity to evaluate his own
relationship and contribution to the goals of the group.

Objective Testing:

Traditional forms of testing are most appropriate
for mechanical and skill-oriented activities such as;
application of techniques to problem solving, math skills,
hardware, flow charting, etc.

The following is a 1list for teams to consider when evaluating

their own performance. Techniques are left to the team. It should

\ be noted that both peer and student input is considered vital in

the process.

A.

B.

C.
D.

E.

F.

G,
i,

I.

J.

K.

How well is time used?

Is team interaction, in both planning and teaching
situations, effective?

How well does the team use student-grouping techniques?
How well does each team member understand his role?

How much differentiation in job responsibility is there,
and' how much should thereibe?

How effectively are outside human resources used to
complement the team?

Does one team member dominate excessively?
Is the team using the physical facilities effectively?

How well and how many of the basic objectives and
principles were covered? If some were omitted, why?

Were students given the opportunity to evaluate team
and course?

How much idle time did the student experience as a direct
result of ineffective team operation?



2-4 Example of Likert Scale
Objective:

To construct a dynamic model of population growth,

Low fiigh
Knowledge 1 2 3 v 5
Interest 1 2 3 4 5
Relevance 1 2 3 L 5

The Likert scale is a simple, self-evaluation instrument to be
used by the student in a self-analysis of the various categories of
cognitive and sub-cognitifé areag of comprehension.

The student should be asked to rate himself, in the categories

specified, before and after completion of the topic being treated.
The categories may be altered to fit the need, but the student

should have a clear understanding of the meaning of each temm.
Student explanation, oral or written, of his rating might be

helpful to both teacher and student,




CHAPTER 3

Student=Teacher Interaction Dynamics

3=1 Introduction

Academicians and educators have long pondered the questions of
what distinguishes an educator from. the merely educated. . What sets a
teacher apart from any other nonecertificated college graduate? The
angwer must somehow be found in t'l')e unique interaction between an
adult and 30 adolescents--some relationship whereby learning is
facilitated. The multi-disciplinary Man Made World course is no
exception. However, due to its uniqueness, & reassessment of this

relationship relative to the long-established curricula is in order.

The Man Made World teacher will spend a considerable amount of time

interacting with individuals and small groups of students.

| Decision making in the real world is a primary concern in the
course, The concern is not merely in teaching the subject matter of
decision making so much as a new and exciting way of applying it to
real=world situations, In this course every student is thereby
offered a unique and fresh opportunity for success.

Implementation of the elements and c_oncepts of decision making

can only be successful with a variety of applications and practices.

This, in fact, is the aspect of The Man Made World multi-disciplinary

approach which renders it unique. Each person interprets the real
world through his own life experience. The teacher, therefore, must
incorporate adequate flexibility in conducting the class to allow the

students to pursue individual interests and arrive at alternative

13
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ends in decision-making activities reflecting their owﬁ life
experiences, To this end let us explore some roles of the

teachers in the course.

3-2 The Teacher as an Expert

The term "expert" implies a source of final answers and
correct information. In a multi-disciplinary course concerning
decision making, however, an expert can only exist if he knows
everything tnere is to know about all academic disciplines as
well as human values and priorities. If the teacher has any
realm of expertise in the course it must lie in his understanding cf
the process involved in decision making rather than in all the
subject matter to which this process is applied.

Rather than viewing this as a source of frustration, however,
the teacher should see a wealth of opportunities for himself and his
students to achieve academic suctess. First, rather than being a
source of final answers, the teacher must ve viewed by the stu&énts
as a fellow inquirer in a common endeavor to learn and reach
conclusions about a variety of interesting aspects of the real world.
The teacher must be comfortable in admitting ignorance of a particular
real-world topic and follow with a sincere and enthusiastic desire
to learn. The joy and spirit of inquiry will rapidly disseminate

among the students as a result.

3«3 The Teacher as a Planner
There is no doubt that well-made plans offer a great .deal
of' comfort and confidence in the teaching profession. Again The Man

Made World multi-disciplinary course is no exception. While there

Hq
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is a place for planning in this course, at times, successful
implementation of the material requires a dynamic and open

structure to provide latitude for student initiative and

direction. Plans should provide for much flexibility.

On the one hand, the teachiné of the systems approach to
decision meking requires of the teacher well-made planas. On the
other ﬁand, the application and practice of this system should
permit the student the freedom of exploration and experimentation.
After all, the teacher has only one life experience and, thereby,
only one interpretation of the real world. Each and every
student has yet ﬁlother. Therefore, not only will the student
benefit by the freedom to pursue decision making in the context
of his own interests and abilities, but the teacher may glean

fresh approaches to teaching The Man Made World to other students

at other times.

In summary, the planning of the course requires both the
participation of the teacher and of the students if the classroom
is to reflect the very essence of the course, namely the making
of decisions in the real world. Leave plenty of room for student

initiative in planning.

3;!# The Teacher as Motivator

Motivation has long stood as one of the challenges to teachers
and in the multi-disciplinary approach the challenge is indeed
unique. Fortunately, motivation is inherent in the wlde scope of the
course if one assumes that every student is excited and interested

about some phase of the real world around him. The teacher nmay offer

15
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direction in this regard; but, more often, teachers have found
that greater motivation may be achieved when the teacher assumes

a more passive role, allowing students to relate the concepts of

decision making to their own world. A perceptive teacher can
amplify this inherent motivation through an enthusiastic
receptiveness to the students' interests. Respect for student
opinions and interests is essential wvhen initiative is shown.

Motivation is further built into the many learning activities
which have been written, not to mention those which the teacher
and his students will develop during the course. The danger of the
"game" syndrome identified in Chapter 2 of this manual deserves
reiteration at this point. There are many games in the course,
which may become irrelevant if their purpose becomes clouded in
the excitement of participation. If, however, the relevance is not
lost and is appropriately identified, the excitement takes on
profound and meaningful dimensions.

While motivation is very importent, let the teacher avoid

defeating his purpose by imposing that which is only of personal
interest. Rather, be alert to the inherent motivation which already

exists in the students and let The Man Made World become & vehlcle

for each student to pursue his own personal interests in a novel and

relevant manner,

3=5 The Teacher as Evaluator

Evaluation and grading has evolved to a number of standard

formats in traditional curricula. The uniqueness of the multi-
disciplinary approach, however, reqQuires a new orientation to

evaluation. The teacher may find himself evaluating the application

16 7y
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of systematic decision making to a context in which he has minimal
training and knowledge. Furthermore, how does a teacher place a
letter grade on human values and personal interests of the studenta?

Mrast and foremost is open-mindedness and respect for
the student. This is & rather lofty statement, but it must
not be taken lightly if meaningful evaluation is to occur.

Evaluation in this multi-disciplinary course is a constant and
subtle undertaking, much more 80 than in the traditional curricula.
It 1s manifest each time the teacher or students react to someone's
efroi'tl. For example, evaluation is impiicit in a compliment or
smile, It occurs when the teacher calls the attention of the class
to one of the student's endeavors as an area of particular interest
or as & job welledone., Subjective as it may be, that alone does not
warrant neglect of this important aspect of evaluation) rather it
should be apparent in assigning a letter grade to the student for
the course.

Consistent with the unique orientation of the teacher as a fellow
inqQuirer is the orientation as a fellow evaluator. Because the
student may be dealing with topics which are relatively unfemiliar
to the teacher, the course does not allow fo’r the teacher to alvays
assign grades on the basis of "correct" or "incorrect" answers so much
as on the basis of how well the student applies the systems approach to
decision making. It follows that the entire team would do well to
collaborate in evaluation for the purpose of assigning grades.
Rurthermore, important evaluation may come from the student himself.
This can be elicited by the teacher in informal interviews with studenta.

17
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After all, it is the student's personal assessment of the real
world which 1s the focal point in evaluation. Respect for this
assessment must not be lost in an effort to arrive at a letter
grade designation., The teacher must simply face the fact that,
ultimately, evaluation in The Man Made World is very subjective.
Therefore, evaluation is increasingly more accurate when more

teachers and students are involved.

3-6 Conclusion N

The mltiédilcipn;\ury, team approach to The Man Made World
is very unique and novel in public education. It seeks to provide
a broad perspective from which to view thé real world--not to
draw the students to common conclusions. It geeks to foster
divergent or creative thinking as much as convergent and analytical
thinking, It seeks to individualize instruction and to build self-
esteem as well as to foster tolerance and acceptance of other
viewpoints. It seeks to meaningfully relate all facets of the
students' academic and non-academic life experiences. As such it

requires very unique and novel student-teacher interaction dynamics.




CHAPTER 4

Hints to Administrators and Team Members

4-1 Introduction

There are two distinct features of this course: first, the
newness of concepts, objectives, and teaching methodology; second,
the multi-disciplinary team sppro.ach. The fact that both of these
features are present makes this course, at one and the same time,
both exciting and challenging.

The course is exciting because it opens up new ideas and ways to
approach learning, it provides opportunities for students to "take the
initiative" in their learning process, and it provides for a new and
different kind of student-teacher interaction than may normally be
found in other courses.

The Man Made World is challenging and unique in implementation

insemuch as it doesn't really belong categoricelly in any traditional
discipline field. This fact requires that those involved with the
course give considerable consideration to such areas as budget, credit,
staffing and scheduling. It is the intent of this section to anticipate
some of the questions which will be asked by those implementing or
considering implementation of The Man Made World on a multi-disciplinary
team basis, as well as to offer some guidelines, hints, and possible suggested
ansvers to these questions.

This section has been divided into sub-sections. The sub-sections
include: planning and achedpling, budget considerations, course credit,

selection of team members, and communications.

19
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le2 Planning and Scheduling

Perhaps there i1s no better way to insure the success of this

course than to direct adequate attention to the plamning and scheduling

aspects. This is to suggest that not only 1s it essential to engage
extensively in initial planning and scheduling, but also to continue
to re-evaluate and plan throughout the year.

Because of the importance of careful pl_a.nn:lng, it is imperative

that The Man Made World teaching team be provided a common planning

time,when all members can be available. This planning time should
be provided on a regular, and preferably daily, basis throughout

the school year. Equally desirable, but somewhat less imperative,
would be to provide each team member with some additional planning
time, especially during the first year the course is taught. Unless
additional time is provided, individual priorities, such as planning
for other courses, may infringe on team planning time. This is a
reality which should be considered by both administrators and team
members when attempting to work out a schedule.

Closely related to the area of planning is the problem of
scheduling 2nd use of facilities., It is important that a joint
decision be made by team and administration concerning scheduling
format and class size. It 1s strongly urged that because of the
nature of the student-teacher relationship, the activities of the
class, and the purchase and use of equipment (see Chapter 6) that a
maximum size of 25 students per teacher per class in a traditional
schedule be strictly adhered to. If the multi-disciplinary approach

is to be used effectively, it necessitates scheduling which permits

nll teachers involved in the course to be available o each class most,




if not all,of the time. Only in this way can the multi-disciplinary
goals be fully realized. Division of the class within & common

time block or class period should be left to the team and should be
determined by the immediate goals and activities of the class.

This course lends itself well to the use of various size groups
for instructional purposes (large group instruction, small group
work and discussion groups, and individual work) if facilities
permit this type of scheduling. If such facilities are not available
or if scheduling difficulties preclude the use of various group sizes,
then more traditional classroom groups may be effectively used, but
never at the expense of "breaking up'" the team, for then the multi-
disciplinary aspect of the course is lost. The course also lends itself
extremely well to the many forms of flgxible gcheduling. Activities,
projects, lab work and student teacher contacf is enhanéed when extended
time is provided.

It is also essential that room be provided on a regular basis for
the use of equipment (analog computer and loéic circuit boards). Any
room with sufficient electrical outlets and work tables (not student
desks) will suffice., Since small group discussions and work groups will

be utilized, it is desirable to provide fa'.gilities which accommodate
this activity.

Since there is considerable equipment which may he used in this
course, consideration should be given as to storage facilities. It is
desirable to store the equipment near the area where it will be used.

Because of the potential of this course to grow rapidly within a
school, a word of caution about that growth is advisable. Growth of
the course should be controlled and compatible with the aveilability. of
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trained teachers. Expansion of multi-disciplinary teams should also
be carefully considered. See Chapter 5 of this guide for ideas

concerned with training team members.

4-3 Budget

In considerirg budget for implementing The Man Made World, there

are three major areas of concern. First, the total amount of money
involved in original implementation; second, the yearly funds
necessary to sustain the program; third, the department to which
the budget is charged.

The total dollar amount involved in initiating The Man Made World

can vary greatly depending ornn factors such a&s objectives of the course,
student enrollment, scheduling, etc. The following suggestions may,
however, heli; provide some guidelines as to possible costs involved
in establishing the course.

The text for the course is entitled The Man Mag'g‘ World and is
presently available from McGraw-Hill in a 3-part,/ paper-back series.
A one-volume, hard-back, revised edition is d@ue to bi published
early in 1971, This revision is intended to encompass more of the
multi-disciplinary aspects of the course than does the present {hree-
volume edition. It is suggested that teams preview both editions
and then decide which will best suit their program. It must also
be decided whether it would be more desirable to purchase one book

per student, or one or more classroom sets.
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A minimum initial amount of equipment for a class of 25
students would be': . |
1 logic circuit board for every 2 students per section
1 demonstration analog computer N

1l Ca.thode Ray Oscilloscope

The Man Made World project officé has published a 1list of

recommendations for additional equipment. It is gssential that
after the course has been taught the first time, the team give
considera.tion to whether or not additional equipment is desirable
for their program. Prices and lists are avialable from the project
office (referred to in the Preface),

It is strongly recommended that ample funds be provided on
a yearly basis (after initial funding) to allow the purchase of
necessary reading materials and equipment. The course is designed
to provide opportunities for students to engage in creating their own
projects. Funds for such activities should be considered in planning
a budget.

Films play an important role in this course and while many of the

suggested films are available on a free loan basis, there are many that

can be rented for a small fee, Film rental fees should be considered
in planning a budget.

One of the best sources for audio-visual material for this
course is television. Networks and ETV are now producing many
excellent programs that add immeasurably to this course.

13ecause of the emphasis in this course on computers and computer
technology, it is highly desirable though not essential to consider

providing digital computer time for instructional purposes and student
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designed programs. In some cases this will be virtually impossible. .
However, for schools who do have computer time available, it is
advisable that some funds he set aside for the purchase of time
sharing for this course, independent from other uses that rﬁay be

present. The amount of time to be allotted for The Man Made World

computer instruction and activity can be determined only by the
people involved in the team and will depend in large part on the
direction and emphasis of the course. Some teams will devote more
emphasis to the computer aspect of the course than will other teams.
The third area of concern, that of departmental funds, may be

best handled in one of two ways. First, The Man Made World budget

can be shared equally or proportionally between all departments
involved in the team. A second way would be to establish a separate
budget for the course. The establishment of a separate budget would
in most cases be preferable. A separate budget provides status and
prestige to the course rather than making it appear that it must

simply rely on the goodwill of the various departments.

Lol Credit
One of the most perplexing and frequent questions asked about

The Man Made World is the question of granting credits in a multi-

disciplinary course. The amount of credit given poses no particular
Problem but the kind of credit and interpretation of that credit to
those outside the school situation may need to be clarified.

Questions may be raised by uninvolved science teachers or uninvolved
socialwstudies teachers (or other fields) as to whether or not & credit
should be given from that department for a course which has ag its

2l
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Lhrust a multi-disciplinary approach. Probably the best way to
resolve this feeling is for the team, in éon.junction with involved
department chairmen, to decide in the early planning stages what
kinds of credit(s) can be earned by the student in the course.

This will in large part depend on the direction and emphasis of
course content, course objectives, and disciplines represented on ‘

the team. Once this is decided it is imperative that the decisions
be explained and justified to all members of the depa.rtments involved,
especially those not directly involved in the teaching of the course.

It may be desirable to examine the possibilities of multiple
credits. Many schools have found it feasible and indeed desirable to
let the student select the kiid of credit he wants (i.e. science,
social studies, business or other). Some schools have even gone to
the point of dividing the credit so that the student may gain partial
credit in two or more areas.

Because the course is multi-disciplinary and because it is an
unfamiliar course to most people, problems may arise when interpreting
transcripts to colleges and employers. One possible way to alleviate
this problem is to provide a brief written description of the course
and its content which may be attached to the transeript. This
description should be written by team members and reflect the content
and objectives of the course. If this method of explanation proves
unsatisfactory, it is essentia.i that some method be designed which will

accomplish the same end.

a5
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It may be worth noting at this point that the North Central
Association has observed many schools offering this multi-disciplinary

course and to date hags been very enthusiastic about the course and

in most cases has gone out of its way to issue commendations. The
question of credits has caused no concern. on the part of North
Central. Likewiae., acceptance by colleges has been enthusiastic
and in many cases colleges have encouraged the high schools involved
to continue and even expand the program.

From its inception, most schools have taught The Man Made World

as a laboratory-écience course. The acceptance of the course in a
broader multi-disciplinary sense is growing rapidly. The greatest
assurance a school may have toward solving the credit ané acceptance
problem is to be certain all questions are answered and resolved

by everyone involved in the course. With this kind of understanding

and cooperation the issue of credits should be easily resolved.

4-5 Selecting Team Members'
Perhaps thé single most important factor in the success or

failure of the multi-discipline course is the wise selection of

teaching team members. Criteria and suggestions for the selection
of the team are dealt with in Chapter 5 of this guide. 1t is
imperative that this section be read thoroughly by &ll those

concerned with the implementation of this course.




L6 Communications
Acceptance of any course by the school and the community
appears to be directly related to the communication which takes
place between those involved in the course and those not involved.
The same is certainly true to a larger extent because of the uniqueness

of The Man Made World. The following suggestions and observations

are offered concerning comrunications (a) within the school and
(b) between the school and the community.
(a) Communications Within The School

Because of the newness of this course and because of the
unfamiliarity in general concerning multi-disciplinary courses,

communication between The Man Made World team and the other faculty

members can be most beneficial. A short presentation or demonstration
of the course content, objectives, and activities might be'presented by
the team members at a faculty meeting. A standing invitation for
visitation of classes by any and all faculty members is another
possible approach, Other methods may be Aevised by individual teams,
but some effort in this direction is highly desirsble.

If the course is successful in its attempt to "involve" students,
the entire school staff st be willing to let the students become
"involved." This means thorough communications must exist between
all faculty members. Because this is a multi-disciplinary course,
it 1s not at all inconsistent to involve every other teacher and
subject area found in ﬁhe school. Cooperation of teachers can easily
be obtained on a personal basis, especially with the understanding
that the student's experiences in both overlapping areas will be

enhanced by this cooperation.
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Because of the uniquenass of the course, it would be unusual

for counselors to have the knowledge necessary for counseling
students, It is essentlial, therefore, that a brief but thorough
desuription of the course chjectives and the type of student who
will benefit from the course be made available to the counseling
staff.

Counselors would also benefit from close communications because
of the vocational aspects of The Man Made World. Since the scope of the
course involves new and exciting vocational fields, the opportunities
for meaningful vocational counseling are many and varied. With a
sincere effort in this ares by the team teachers and counseling
staff, many students may find new direction in their thinking about
future work.
(b) Communication Between the School and Comrmunity

The scope of The Man Made World makes. it both necessary and desirable
to establish communication between the school, the ome, and the
community. It has been observed by most schools that, with little
effort, positive enthusiasm can be fostered on the part of parents
and community. Much of the enthusiasm has resulted from positive

acceptance by the community of student project work outside of school. .

There are several other ways to communicate with the home and
community. Such possibilities as letters, community newspaper |
articles and coverage about the course, student newspaper coverage,
team members speaking at service organization meetings, PTA news-
letters and meetings, and open house have all been successfully uzad

by schools,
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CHAPTER 5

Teacher Prearation

S5-1 General Qualifications for Team Members

The multi-disciplinary, team approach to teaching The Man

Made World is novel and powerful. For this reason, careful atten-

tion should be given to the formation of such a team.

The first, and overriding, requirement for team membership
should be a genuine interest in innovative teaching and a
willingness to meet the challenges that appear in a close student-
teacher partnership. Other important considerations should include
answers to such questions as:

Are the backgrounds of prospective team members complementary?

Are their personalities compatible?

Can they establish rapport with students of different
backgrounds and persuasions?

Do they possess sufficient organizational ability to
administer the activities of a number of students so that
student and teacher time is utilized efficiently? -

In the implementation of The Man Made World, almost any aspect

of our real world may become "grist for the mill." For this reason,
a rich background, conducive to a broad outlook, will better serve
team requirements than would over-specialization in a single field
of study. It must be re-emphasized, however, that attitude is as
important as expertise on the part of team members. The decision-
making process and the concept of modeling that underlie this
course emphasize the systems approach to decision making. This

approach discourages the use of expert or authoritarian "answers"
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to the questions of today. Instead it encourages the student to
reach his own decisions, based on the criteria and constraints of
any particular situation.

Because of the emphasis on technology in our real world, it
is highly desirable that at least one team member have a mathematical-
scientific background. This criterion for team makeup results
directly from the wide application of methematical models today as
evidenced by the mugshrooming use of computers and related.tools.

In choosing the remaining team membei or members, the chief guide=-
line should be: The richer and more varied the backgrounds of the
team membera, the more powerful wili be the resulting team. Inputs
from many disciplines are vital if the overall objectives of the
multi-disciplinary approach to The Man Made World are to be realized
" and if the team is to be truly multi-disciplinary.

Team sige will depend on many factors, such as teacher availability,
interest, scheduling problems and scope of course. By definition, a
team approach must involve at least two teachers. llowever, it is
urged that strong consideration be given to forming multi-disciplinary
teams of more than two. While there is no maximum limitation on team
size, caution should be used in order that the team not become so
large as to be unwieldy. In school situations where flexible scheduling
or modular scheduling are in use, a larger team may function more
effectively than it might within the limitations of a rigid schedule.

In summary, the primary concern in selecting team members must
be their willingness and enthusiasm toward teaching the course. 1t is

strongly advised that no teacher be assigned to The Man Made World team

without. a thorough, though perhaps brief, exposure to the course

‘30 37




content and the systems approach it presents. The team members

must

be willing to accept the role of the teacher as a facilitator

of learning, and the degree to which they can enthusiastically

do this may affect the degree to which the course will succeed

or fail. (See Chapter 3 for a more detailed discussion of the

role

He2

most

{.eam.

of the teacher.)

Pre-Service/Pre-Degree Training
A, Math-Science Team Members

The requirements for mathematics or science degrees in
most colleges and universities should provide adequate back-
ground for understanding most of the technical portions of

The Man Made World. A year of calculus is necessary if proper

appreciation for and full utiligzation of the potential of the
analog computer is to be accomplished, Other areas in which
course work or a basic knowledge of working principles will
prove especially useful are:

Probability and Statistics

Symbolic Logic/’ocolean Algebra

Computer Programming

Beginning Electronics/Electronic Circuits

Beginning Physics, Chemistry, and Biology

Ecology

Agronomy/Food Sources

Meteorology

In addition, a reasonable background in humanities will be

useful in promoting the melding of an integrated and effective
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B. Social Science~-Humanities Téam Members

It would be difficult to overemphasize the importance of
the roles of the social science=humanities members of The Man
Made World team, Teachers with widely varied beckgrounds and
training are vital for adequate exploration of society-technology
interactions. Experience of training in the following areas

should prove especially useful:

Bagic Cultural Anthropology History of Sociological Thought
Social Change Cultural Geography
Basic Economics Semantics
Group Dynamics Social Psychology
Communications Sociology

History

From the foregoing lists of subjects it is apparent that valued
team members can be recruited from any discipline. Let it suffice to
gsay once againe--enthusiasm and a genuine desire to explore the challenges
of multi-disciplinary learning are the necessary qualifications for

team members.

5-3 Post-Degree/In-Service Team Training
For a number of reasons, rather extensive tralning is needed to

form & good multi-disciplinary team to teach The Man Made World. Even

though all of man's activities involve decision making at some level,
few persons ever go to the trouble of trying to learn just how tiqe
process works. The fact that a systems approach, with well-defined
steps and procedures, can often be helpful in reaching optimum decisions
in almost any situation will appear as a novel idea to both students
and adults. Further, the multi-disciplinary approach to learning is

so different, and the materials and objectives of The Man Made World

so uni.que, that a three-phase special training sequence is recommended
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as essential to successful implementation of these materials and
- methods by a team.
A. Phase One

Introduction to The Man Made World can best bhe accomplished

with an inductive approach. The new teams are placed in decision-=
making situations similar to those.ﬁhey will eventually use with
their own students. Thus they gradually acquire familiarity with
the elements of decision making and experience the role nf the
student in a way that provides needed insights into the dynamics of
student-teacher partnership.

It is recommended that this!introducéorf trLining be accomplished
in a series of three or four twc-day yorkshops during the second
semester of a school year, with dponsorship by a college or university
and the granting of credit. It is further strongly urged that, for
the most part, these workshops be planned and conducted by teachers
with experience in the multi-disciplinary, team approach. The extended
time blocks available in a two-day period:make possible indepth
activities and promote the free exchange of ideas between individuals
and teams.

If college support and credit cannot be secured for Phase One
Training, a participating school district may reasonably be expected
to grant. release time for workshop attendance and financial support
for nut-of-pocket expenses. ILocal in-service credit may also be
pranted to meet districﬁ requirements for teacher training where such

requirements exist.
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3. Phase Two Training
The primary purpose of Phase Two Training is to provide in-

depth familiarization with all facets of The Man Made World

materiels and multi-disciplinary, team methods. A further purpose
is to provide opportunity to see how multi-disciplinary activities
are used in various disciplines and fields of technology and industry.
The multi-disciplinary., team approéch will represent a consider-
able departure from a conventional classroom situation, so specific
investigation of various methods of classroom teaching should be
undertaken, Serious consideration should be given to possible
teacher roles, such as, "first among equals," "resource person,"

and "referee,"

and to teaching situations which sccommodate themselves
to one or more of these roles.
A most effective learning technique, and one especially useful

with The Man Made World, is the project method. Small student groups

may be assigned to a project. Esch small group has a specific area
of investigation, but must interact closely with the other groups,
separately and collectively, in order to complete the project,

The formation and direction of small interacting groups so that
maximum involvement of every student is achieved is a prime responsi-
bility of the multi-disciplinary team. Effective training for team
members in this direction can be accomplished by using team projects
as discussed below. Principles of group dynamics are most important,
so 1t is récommended that considerable attention be given to this
area.

A note of caution needs to be sounded here. The candid approach t»
the real world and invitation to personal involvement afforded by

The Man Made World may elicit expressions of bias, religious beliefs.
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moral principles and prejudice froh students., Team members must

school themselves not to get "up-tight" and to respect variant
opinions, whether from students or other téﬁm members. Tralning
in this regard should be a specific objective during small group
sessions.

Another important part of Phase Two Training is ﬁhorough
familiarization with the text materials, laboratory manuals, and

laboratory equipment os provided by Engineering Concepts Curriculum

Project. The extent to which these materials are used with
students depends largely on the make-up of the multi-disciplinary
team, It is essential, however, that the team reach tentative decisions
on this subject during the course of summer training. In helping to
reach these decisions, the input from experienced multi-disciplinary
teams is vital. It is recommended ti.at overall responsibility for
this aspect of Phase Two Training be vested in such people.

Fach multi-disciplinary team should be charged with developing
& number of student activity projects. No other exercise will
more quickly "jell" a team and develop an appreciation for the
multi-disciplinary approach. Such projects can also provide a
valuable addition to the growing body of team-produced resource materials

available to teachers of The Man Made World. As they are produced,

materials should be tested with other teams. Such team interactions
provide important feedback for refining the materials as well as
important inter-team dynamic experiences. Playing the student role also
increases the team's capacity to identify with student groups.

A generous time allowance for investigation of and selective

familiarization with resource materials as listed in Chapter 7 should
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be provided, Coples of those books especially recommended for

students should be on hand. Some of the better films should be
used for course input during the Phase Two Training.

The systems approach to decision-making is being used more and
more in fields where, at first glance, it would seem inappro=-
priate, Leaders from these fields, through a special lecture
series, can provide extremely useful irput to the summer training.
For example, people such as Kenreth Boulding. world-famous
economist, EQd David from Bell Labs, and Igor Gamow, a noted research
biologist, have made valued contributions to past training sessions
by encouraging a multi-disciplinary systems approach and providing
concrete evidence for the wide applicability of the concepts of

The Man Made World to society.

C., Phase Three Training

New multi-disciplinary teams will find the inauguration of the
course an exciting experience, The initial reaction of students is
usually enthusiastic and there is little tiiff:lculty in getting off

to a good start. Herein lies one of the challenges of The Man Made

Worid: how to maintain the initial momentum? Effective assistance
in meeting this challenge can be provided by further training
through a series of two-day workshops over the first-semester period
of actual team teaching. It is recommended that a three-or four=-
session workshop similiar to Phase One Training be implemented.

If available, the same college or university sponsorship that
sponsored Phase One and Two 18 desirable, By this time the team

members will have already invested a great deal of personal time, and

the granting of college credit will compensate for the additional
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demands made upon them. It is the considered opinion of those
who have "travelled the route" that Phase Three is well worth
the time and effort that must be committed.

Phase Three should include use of the digital computer,
experiences in group dynamics, and feedback sessions. The
comput,er work should provide training in TASIC computer language
and practice in the use of the digital computer as a universal
modeling device. The place and use of the computer in The Man
Made World is discussed in Chapter 7.

Since many student activities can best be carried out by
small groups, some knowledge of group dynamics is an important
asset for a multi-disciplinary team member. Phase Three training
sessions provide additional experiences in this area.

Feedback to the sponsoring institution from the teams

implementing the course is esgsential for improvement of the training.

FEqually valuable is the inter-team exchange of experiences, tech-

niques, and activities that they have used. Reports of activities
that didn't work and experiences that "bombed' may provide
especially potent inputs. Careful group analysis of such
"failures" may provide deeper insiglit into group dynamic Trocesses
by serving as exercises in this area. Comparisons with successful
activities will help the teams identify techniques and approaches

especially usable with small groups.

G-l  fustained Training
In the course of the forming and preparing of the multi-

diaciplinary teams, increased awareness of professional kinship and
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prowth will develop. Promotion of this awareness can provide
continued intra- and inter-team revitalizing. The team sﬁiriﬁ can
also prove infectious to colleagues and inject a new energy into
school systems. Some means for providing sustained training might
include occasional workshops, group meetingslgf multi-disciplinary
leams at state and regional conventions, or simply local evening
rratherings in areas where team concentrations make this feasible.

'me thrust for providing this further training will probably have

to come from active multi-disciplinary teams themselves. The personal
and professional dividends accruing from such efforts will be large

indeed.

5«5 Training for Expansion of The Man Made World

The initial student response to The Man Made World when intro-

duced as a new curriculum offering has almost invariably proved

enthusiastic. This response encourages a rapid expansion »f

- enrollment, which could be a detriment to the overall effectiveness

of the course, if sufficient trained staff is not available. The
wiger course is to carefully control the enro;lment growth rate tn
one that can be effectively handled. Selection of students by

team members and counselors will insure this control and, in addition,

will help assure that students who can profit most from The Man Made

. World will be enrolled in the class. Close cooperation with the

counseling staff is of course necessary.
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As enrollment grows, provision must be made for training
additional staff members. Ideally, the complete three-phase
training outlined in the preceding sections provides the best
means for thorough training and should be utilized when possible.

When complete training is not feasible, a practical
alternative is to use on=the-job training by teaming a teacher new

to The Man Made World with experienced team instructors. This

method places an increased responsibility on the experienced
team members, for which some form of compensation, such as reduced
class load or released time, would be desirable. Inservice credit,
if possible, for the new team member is also recommended.

Training of additional multi-disciplinary team members will
not only provide a pool of instructors to handle expansion but will also
produce unexpected dividends. No teacher can complete multi-
disciplinary, team training without a heightened appreciation of, and
respect for, other disciplines. Such respect can only increase staff
unity and promote inter-discipline cooperation in the common

educational effort.

5«6 A Proposal ‘
An ideal solution to the problem nf sustained training, and en-

hancerient. of the contribution of the multi-disciplinary The Man Made

World to education in general, would be the establishment, on a
regionel basis, of some sort of clearing house or center. This
center would act as a repository for field-generated ideas,
techniques, student activities and resources. It would disseminate

pertinent infomation on new developments in The Man Made World and
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related programs. It would seek funding to provide new and
sustained training for multi-disciplinary teams. Those presently
engaged in or training for the multi-disciplinary, team approach

to The Man Made World endorse and actively support such a

proposal.
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CHAPTER 6

Laboratory Use of Equipment

6-1 The Logic Circuit Board (L.C.B.)

One of the basic objectives of the course is sf}udying the
interaction of technology and society. The computer is one of the
most significant technological developments of our time, It is
producing changes in the society that have not been predicted
and, if we are to better control the outcomes of computer
application, it is mandatory that future citizens become familiar
with computers.

Students need to be aware of the capabilities and limitations
of the computer., Students need to be aware of the changes caused
by the computer. Students need to be "computer-literate."

The Logic Circuit Board (I.C.B.) is a piece of hardware
designed to model Jogic. It can be used to model parts of the
computer and, therefore, make the computer, a man-made-machine,
more under3ztandable by students. By modeling logical situations and
the various parts of a computer, the ‘.students gain an understanding that
the computer is a machine to be used as & tool by man.

The Logic Circult Board is an outstanding piece of equipment.
Two major objectives can be experienced through the use of the
L.C.B.% (1) man-machine interaction and (2) technology-society
interface. It is recommehded that the L.C,B. be an integral part

of any multi-diséiplinary approach to The Man Made World.
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An inductive approach in teaching the L.C.B. is recommended.
Students enjoy "learning by doing" on the L.C.B, The "and," "or"
and "not" circuits are easily discovered. As students accomplish
one task, another task of more difficulty should be provided.

Such a list of student laboratory tasks follows in section 62,

The L.C.B. can be used at any level of sophistication., It is not
recommended that all students reach the same level of sophistication.
A minimal standard may be required depending upon the emphasis
placed on the L.C,B, in the course,

The L.C.B. is close to being student-proof and very seldom
needs any repairs. However, a light or fuse may burn out. Since
there are scue students who want to take the L.C.B, apart and
find out how it is made, it is suggested that the instructor select
these students and let them change the fuses and lights. This will
keep the L.C.B.'s functioning and provide opportunity to let
students pursue their interest.

The L.C.B, is a modeling device and can be used to model
different situations in real life. Students may want to model
logical puzzles to see if they can find a correct solution to a
given situation.

Students should be allowed to check out and take home the
L.C.B. This will encourage students to maintain skills, to work
on extra projects, and to make up work missed.

Students may want to demonstrate the L.C,B. in other subject
areas. Because the L,C,B. models logic, it can be used in classes

such ag Electronics, Geometry, and Physics. The instructor should
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point out these applications to the students. It is also

recommended that the instructor of The Man Made World encourage
the teachers and fhe other disciplines involved to demonst;a.te
the common applications of the L,C.B,

It' is recommended that an L,C,B, be provided for every two
students. The early experiments use only onée or two switches so
be sure that both stgdents are working on the board at the same
time,

As students progress through the exercises the teacher will
need to provide small group discussions in order to determine if the
concepts were understood. If a student has repeated difficulty
he should be referred to the text. Almost all the exercises are in
the book and students can read along for extra information or to

learn new concepts.,

6-2 Typical List of Progressively More Difficult Tasks On The L.C,B,
Because of the varying abilities and interests of students, it

is suggested they be given a list of modeling tasks, such as the ones

below, to progress at their own rate. As soon as a student finishes

one exercise he should go on to the next.
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Set

1.

2,

10.

1

Make a 1ight go on using only one wire.

Wire a switch to a light so that the light ies controlled
by the switch.

Wire a Mtch to a light so the light is on only when the
switch 18 in the operated (1) state.

Wire a switch to a light so that the light is on only when

the switch is in the unoperated (0) state. This is called a
"not" eircuit. Why?

2

Wire switch A and switeh B to a light so the light is on only
when switeh A and switch B are operated.

Draw a diagram of the circuit you have constructed.

Build a table which shows all possible states of the switch |-
in this circuit and the corresponding state of the light.

Rebuild the table using the symbol O to represent all
unoperated switches and lights which are off. Also use
the symbol 1 to represent all operated switches and lights
which are on.

Is there a constant mathematical relationship between the
values of the table? If so, explain the relationship.

Write a mathematical sentence which models this table.

Wire switch A and switch B to a light so the light is on when
elther switch A or switch B is operated.

Draw a diagram of the circuit you have constructed.
Build a table using O and 1 for the states of the switches

and lights, which shows all possible states of the switches
in this circuit and the corresponding state of the light,

Can you write a mathematical sentence using addition which
1nodels the table or do you need to define a new operation?




Set 3

l. Gliven the truth table below:

A B L
0 0 1
0 1l 0
1 0 1
1l 1l 1

Does the equation L = A + B* model this table? Why? Why not?

2. Wire a circuit on the L.C,B, which models the table in problem
1 above.

3. Draw a disgram of this circuit.

L, Given the truth table below:

C D L
0 0 0
0 1l 1
1l 0 0
1l 1l 0

Wirite a mathematical sentenc_e which models this table.

5. Draw a diagram of a circuit which models this mathematical
sentence,

6. Wire a circuit on the L.C.B. which models the table in problem

above.

¥The bar above the 1 indicates not B. B = not B
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7.

9.

10.

Any logical sentence of the form "If A then B" has the following
truth table where A and B are statements with truth value.

A B If A then B
False False True

False True True

True False False

True True True

Translate the table above into a table involving switches and
a light. Represent statements A and B by switches A and B;
Represent the sentence "If A then B" ‘oy a light. The truth
value of a false statement is represented by O, The truth

value of a true statement is represented by 1.
Write the mathematical sentence for the table in problem 7.

Dra.v8r a diagram of a circuit modeled by the mathematical sentence
in 8.

Wire a circuit on the L,C.B, which models the logic of any
conditional sentence of the form "If A then B.,"
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Set L

1. A board of trustees of the Lart National Bank consists of
three voting members. All loans must be approved by at least
two of the board members. The members wish to vote in secret
but wish to know if any two or more members voted yes. Model
this situation on the L.C.B. where members register their vote
by operating a switch and a light comes on when two or more

vote yes. This circult is called the majority ecircuit.

2. A light in a stalrway is controlled by two swltches, one up-
stairs and one downstairs. Either switch can be used to turn the
light on or off. When the light is turned on upstairs it can
be turned off downstalrs and conversely. Model this situation on

the L.c .B.

.

3. There are two different circuits which can be used to control
~ the light in problem 2, One is called a "two variable odd parity."
The other is called a "two variable even parity." Which circuit

do you have? Why?

4, Find the other circuit to control the light in Problem 2 and

build a model of it on the L.C.B.,

5. A pllot of a high-performance Jet airplane has Just lost part of

a wing. He must eject, but two distinct steps are necessary.

First, the cockpit canopy must be blown off; second, the seat
(and he) must be ejected by another explosive charge. A
straight forward method would be to fire the canopy charge with

one switch and the ejection charge with another. But then, in
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the confusion of the emergency, he might fire the seat first and
be projected through the closed canopy. How can the switches

be arranged so that regardless of the order in which the
switches are operated, the first will fire the canopy charge

and the second will fire the seat charge? Model the situation
on the L,C,B, using two switches and two lights, One 1light
represents the canopy charge, The other light represents the

seat ejection charge,

A boatman must carry a wolf, a goat and a cabbage across a

river in a boat which is so small that he can carry, at most,
one of them with him in it at a time, Moreover, whenever the
wolf and goat are together, he must also be present to keep the
goat from being eaten. Neither can he leave the goat with the
cabbage. Model this problem on the L,C.,B. so you can get all
across the river without any being eaten, Use the switches to
represent the boatman, wolf, cabbage, and gdat. Use the two

switch positions (O and 1) to represent a disaster.




Jet 5

The basic logical connections have been presented along with

some modeling exercises in logic. The rest of the experiences

are modeling parts of the computer. It is recommended that the

order be used as follows, but only to the extent of the interest

and abilities of the students.

1.

24

11.
12,
13,
1k,

Three variable odd parity.

Tree circuit (2 stage, U4 stage)

A two binary number comparitor.

One wire to make relay with a switch.
Control relay with a switch.

Binary adder

Binary subtracter

Wire as many unstable circuits as you can and draw a diagram
of each. '

Memory circuit

Addressable memory (four location)

Copy circuit

Shift register

Binary counter

Combination lock problem.

Wire the circuit below on the L.C.B, Then, by maneuvering
the switches, get the light to operate. When the light goes

on you have opened the lock.
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.6-3 The Analog Computer and the Cathode Ray Oscilloscope

The Analog Computer is a modeling device. The unique
characteristics of the Analog are its integrating ability and speed
which makes it very useful in modeling dynamic systems.

The Cathode Ray Oscilloscope adds the dimension of a more
visible model. Students can see the_dynamié situation they are
modeling with the aid of an oscilloscopc. By analyzing a situation,
simulating it on the Analog, and watching the result on the CRO, the
student gains an invaluable experience in m&deling.

Because the Analog Computer is a more sophisticated modeling
device and, therefore, more expensive, it is suggested that priority be
given to the purchase of Logic Circuit Boards, rather than Analog Computers.
If the Analog Computer is to be used extensively, it is suggested
that one Analog be purchased for every four students, It has been
the experience of the multi-disciplinary teams that students interested
in mathematics and science perform better on the Analog Computer than
non-mathematics and science students. Therefore, discriminate choice
of situations to be modeled is absolutely necessary. The Analog
Computer can be used to model situations as restricted as displace-
ment with varying acceleration or as broad as world population. The
use of the Analog should be determined by the objectives the team has
selected for the unit.

The Analog also lends itself to the inductive teaching approach.
It is suggested that students work on introductory experiments at
their own rate. Then, after a workable knowledge iS acquired, the
students are provided with a variety of modeling situations so they

can select those that more closely satisfy their needs. The revised
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edition of The Man Made World has more inter-disciplinary exercises

integrated in the course using the Analog.

Because of the sophistication of the Analog Computer, one of the
team members must have a good workable knowledge of integral calculus.
Ixperience in the past has shown that when an instructor is unsure of
the outcome from the use of the Analog, students may not be fully
motivated. Before the decision is made to use the Analog Computer

be certain one member is confident in its use as a modeling device.

6= Digital Computer

In the multi-disciplinary approach, the greatest emphasis in
the course is placed on decision-making in the real world. The digital
computer is a universal modeling device. It can be used to model many

aspects and problems of the student's own world, in fact, The Man Made

World.

As the student models situations on the computer, some real
insights into man-machine interactions can be developed. The student
is encountering a complex physical system which responds to his symbolic
knowledge and creates an experience in a way that makes this knowledge
take on concrete meaning. ' The computer follows instructions exactly,
but it is ruthless in demanding a corresponding consciousness and rigor
6f formulation in the instructions that it accepts.

Since The Man Made World is concerned with decision-making and

modeling, the digital computer can be introduced as a universal model.

The teaching of BASIC programming should be integrated with the development
of the course. Appendix B of ECCP teachers guide (1967-68) 1lists

programs and how to implement them as you progress through different

decision-meking experiences.
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The course can also be taught wlthout a time sharing terminal.
It should be pointed out that even if a tedcher does not have a
terminal, but wishes to introduce his students to BASIC language,
Appendix B should prove helpful. If so, it is recommended that more
emphasis be placed on the CARDIAC so students can gain insight into
the functioning and use of the computer. |

Experience shows that the computer is such a motivating device
that some students will be carried beyond the present understanding and
achievement of the teachers. This should not concern the teachers.
The.teachers cannot be expected to have had previous experience with
all of the computer models which students may construct. 1t is
therefore recommended that the teachers consider themselves as resource

persons rather than as authorities on the construction of these models.

6-5 Equipment Sources

For ordering information and prices on the Logic Circuit Boards

and Analog Computers Contact:

American Machine & Foundry Co.
Alexander Division

1025 North Royal Street
Alexandria, Virginia 22314

CARDIAC s are available through the local business office of your

Bell Telephone Company. They are free while the supply lasts.
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CHAPTER 7

Resource Guide

The resource guide is divided into the sections shown below.
7-1. Introduction
7-2. Bibliography
7-2-1. Comparative Technologies and the History of Technology
7-2-2. Technology and the Human Condition
7-2=-3. Technology and the Social Order
7-2-4. Human Ecology
7-2-4-1. Population
7-2-h4-2, Man-Land Relationships
7-2-4-3. Environment
7-2=hli, Pollution
T-2-5, Computers and Automation
7-2=-6. Modeling
7-2-7. Systems Analysis and Decision-Making
7-2-8. The Future of the Technological Society
T=3. Periodicals
7-k. Films
7-5. People

7-6. Slides, Television Shows, Gares, and Kitchen Sinks
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7-1 Introduction

This resource guide is designed primarily for teachers of ''he Man’
Made World. It does not purport to contain all the specific references
and materials any one instructor would use in the teaching of this
course, but it is intended to provide'insight into the various areas

thot are an integral part of The Man Made World, especially in the

multi-disciplinary approach. In addition, not only does the guide
enumerate these areas, but it also suggests resource people and specific
titles that will contribute substantially to any given topic.

The first section of the guide provides a bibliographic overview
of the course. Perhaps nowhere else in the publishing industry is the
"information explosion" so apparent as it is in the eight thematic
regions, admittedly arbitrary, which are delineated in this bibliography.
Consequently, the bibliography-as well as the other four sections-is
"incomplete";it is necessarily selective. But works that have been
included are felt to be relevant enough, and, except in a few instances,
recent enough, to justify their use over a long period of time.

Man