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Society and Technol ogy for Non-Engi neering Majors

Robert L. Drake
University of Tennessee at Martin

ABSTRACT

A course to introduce non-engineering students to technology and
engineering is described. Thecourse is entitled “Society and
Technol ogy” and stresses the use of digital conmputers in data
collection, simulation, and control operations. One purpose of the
course is to introduce non-engineering students to the nethods,
devices, and procedures of technology and engineering for reasons
di scussed in the paper.

Backgr ound

For many years the engineering accrediting agencies have stressed
the need for engineering students to have a m ni num nunber of courses
in humanities and social studies. During the same tinme it has becone
generally agreed that a great need exists for understandi ng between
menbers of society at |large and nenbers of professions enbracing
technol ogy. It seens reasonable that courses in technology should be
available, or even required, for the general student population if a
basis for greater understanding between society and technology is to
be achieved. This seens to be particularly inportant considering that
the ratio of non-engineering students to engineering students is
usually on the order of ten to one or twenty to one in nost
locations. It seens to nake little sense to provide a “liberalizing”
element in the education of five percent, say, of the student
popul ati on and conpletely ignore such elenents in the education in
the remaining ninety-five percent that constitute the “liberal arts
and humanities. *
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This appears especially true in view of the ever-increasing
i mportance of technology in everyday life. This basic idea is not
new. The pioneering work was done by Forrester®/® and

ot hers 3,6,7

a nunber of years ago. However, this earlier work
appears especially applicable at the present because of ready
availability of personal conputer hardware, conputer software,and
conputer-literate students along with the evergrowi ng need for better
under standi ng of technology and its nethods by the general population
and for the need of engineers to better conmunicate their work

results to the general public.
Goal s of the Course

One purpose of the course is to introduce non-engineering
students to the nethods, devices, techniques, and procedures of
t echnol ogy and engi neeri ng. The long-term goals of this include (1)
relieving anxieties about the inpact of technology upon society, (.2
increasing the abilities of the general student population to nake
future rational judgnents on the effect of technol ogy upon society,
and (3) avoiding possible irrational expectations of the ability of
technol ogy to solve all problens.

Met hodol ogy of the Course

The central elenents in the nethodol ogy used are the quantitative
description of systens (including those of socio-politico-economc
nature) and the use of digital conputers in nodeling and simulating
such systens. In addition, the interconnection of the conputer wth
ot her physical equipnent to collect data and to do control operations
is denonstrated in the |aboratory experinents.

Certain elenents of the course touch upon the follow ng:

(1) Measurenents of physical quantities. Here the student is
i ntroduced, for the first time in some cases, to the concepts of
i mpreci sion and noise corruption in practical measurenents.
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(2 I nput-output relationships in static, or non-dynam c, systens.

(3)

(4)

(5)

(6)

(7)

(8)

Descri ption of dynamic systems and conputer nethods of solutions.
Dependi ng upon the mathenmati cal background of the students, it
may be necessary to introduce the concepts of derivative and
integral of a function.

Feedback and its effect in physical systens. Here the students
are introduced to an inportant nethod by which engi neers may
cause changes in the responses of systens.

Feedback nodel s of socio-politico-economc (SPE) systens. The
suggesti on by W ener 1 that there is inherent feedback,
measurenment, conmmunications, and control in human systens, as
wel | as physical systems, is discussed. “Reasonable” nodels of
certain SPE systens are elicited from the students and then put
in block diagram form and, in sonme cases, sinulated on the
conputer with help fromthe instructor as required.

Probabi | i stic descriptions of physical and SPE systens. The
concepts of non-deterninistic signals and random variables are

i nt roduced. Exanpl es occurring in SPE systens are discussed.
Probability density and distribution functions are introduced and
their use in decision nmaking under uncertainty is studied with
exanpl es.

Optim zation of systens. Conputer prograns to optimze systens
with performance indices of known equations in the free
paranmeters are applied. If tinme permts, exanples are given of
met hods of optim zing such systens when the performance index is
avai l able only as a result of a test.

A conplete project is chosen by the student reflecting his or her
personal interests. In the past, this has proven to be one of the
best notivational aids in the course (and perhaps the best
incentive for teaching the course)
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(1)

(2)

(3)

(4)

(5)

2520
Expected Results

Based upon previous experience, expected results from the course
i nclude the follow ng:

Student surprises in finding that mathematics is essential to
under st andi ng and predicting the operation of physical systens,
and to sone extent, in foreseeing the results in the evolution of
SPE systens.

I ncreased student awareness of the need for preparation in basic
mat hematics and physics in relating to the surrounding world of
t echnol ogy.

Student papers reporting projects successfully conpleted, and
reported in society nmeetings with student participation.

“Trickl e-down” effect to high school students. In sone cases,
hi gh school visits of students in this type course have resulted
in attracting interest by the high school students.

I ncreased student awareness of both the potential applications,
and of the limtations, of technol ogy.

Concl usi ons

(1) The general public and non-engi neering students are surprised

(2)

(3)

sonetines to find that problens they are able to describe
verbally can al so be described by basic mathematics.

Bot h the physical and SPE systens studies denonstrate concepts
t hat neasurenent, conmunication, and feedback can be useful in
reducing sensitivity to paranmeter changes, increasing stability,

and in reducing error. In addition, the “best” system actually
attainable usually must involve conprom se anong these desirable
features. It is denobnstrated also that instability can result

from i nproper introduction of feedback.

The exanpl es studied al so show that generalization of conclusions

can be nade, if at all, only after repeated simulations (or
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experinents) following variation of paraneters, variation of
probability distributions, and alteration of functional forms“.
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Appendi x
Exanple 1 A Capacity-Load Problem with Probabilistic Data

The capacity (generating ability of an electric system or |oad
bearing ability of a structural conponent) is defined in terns of a
probability density function after probability concepts are
i ntroduced and di scussed.

The | oad presented to the systemis defined by a second
probability density function.

The probability of system failure is defined as the probability
that the capacity is less than the |load. The probability of failure
at a specified load is conputed and plotted agai nst | oad.
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Questions to be answered include the following: (1) How can the
probability of failures be reduced? (2) Can the probability of
failures be reduced to zero; that is, can failure be elimnated

conpletely? (3) Wiat are the consequences of probability density
functions with “tails” for (a) capacity, (b) load, (c) both?

Exanple 2 A Sinplified Mdel for the National Income

Show that the nodel functional block diagram for an
armature controlled dc nmotor is simlar to that for a nodel for the
national inconme & Identify in each block diagram (a) the output
variable, (b) the feedback signal, (c) the error signal, (d) the
source of the disturbances, and (e) the nost inportant dynam cs.

Exanple 3 Effects of Intentional Feedback

Show that the nature of the response of a given physical system
can be altered by the introduction of intentional feedback. Show that
such intentional feedback can cause inprovenent in the overall
behavior. Investigate nodel refinenents, such as inexact or
indefinite values of system paraneters. ldentify a strategy which
reduces the system sensitivity to paraneter changes.

Repeat the exanple above for a given SPE system Ildentify the
soci al phenonena which may cause paraneter changes or changes in
functional fornms.

Exanple 4 Stability of Systens

In a given physical system nodel, show that intentional feedback
can cause loss of stability of the system Wat limts the operation?
Investigate the effects of both |arge-signal and snall-signa
nonlinearities .
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Repeat the example for a given SPE system model. Identify

potential socio-politico-economic reasoning and inclinations leading

to such nonlinearities.
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