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INTRODUCTION STATEMENT
. '
The California State Polytechnic University, Pomona received an NSF Grant
" to assist in the development of an-engineering'fechnology program. This engi-

neering technology program is to be implemented within an existing School of
Engineering. We have attempted to use the funds made available in such a way
that edueational institutions, in additifon to-Cal Poly, Pomona might benefit
from our investigations, gonhlusions and reconmendations. We have designated
several areas in which we feel an input is needed in order to meaningfully
“develop an engineering technology progrém. One of these areas. is that of:
laboratory equipment and facilities.. |

Dr. Quay D. Ives, Chairman of our Engineering Service Department, was asked
to assist in establishing a model for engineering technology laboratories. His
charge was as follows:

"Quay D. Ives . ’ August 7, 1973

In order to insure proper direction of the Engineering Techhology

Depar:tment at Cal Poly, Pomona and simultaneously contribute needed

information to the National Community of Universities and Engineering

Schools (via NSF Grant reporting), it is proposed that additional

thought be given to the objective, constraints and controlling para-

meters of a viable and meaningful laboratory for Engineering Tthnology
programs. Therefore,,the following assignment is proposed-to accomplish

. these ends: .
. Deve?&p a concise model,'or models, for Engineering Technology laboratories
based on gpe following considerations:

1. ldentify clearly and concisely the objective of the Engineering
Technology laboratory and means of verifying the validity of the
objective. :

2. Expectations of industry as to student capability at gradyation.

3. Identify clearly the Engineering Technology laboratory experience
as compared to current apd/or traditional disciplines.

4. Viable options, if any, for gaining practical or laboratory experience
other than the. University laboratory. :




!

5. Constraints on facilities and equipment selection.

6. Roll the instructor plays inh the Engineering Technology TaboFatory."

o » : ,
Dr. Ives report titled, "Laboratory Characteristics in Technical Education”

approa;hes Tab requirements for technical.use simultaneously from a philosophical

point of view and a practical point of view. This report should be of value to

.-
b -

those people involved with technical education, whether it be engineering or

-

enginegring technology. | ‘

.
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A CRITICAL ANALYSIS AND DETERMINATION OF TECHMICAL SCIENTIFIC SHOPS AND
LABORATORY PROGRAM CHARACTERISTICS IN TECHMOLOGICAL EDUCATION:
- EMPHASIS UPON MIDDLE RANGE OF THE MANPOWER SPECTRyM }

4
»

By: Dr, Quéy D. Ives
) - o _ IYTRODUCTION

The Eésearch reported in'this section of the studj is designed
to provide a body of 1nformat1on on technica]-scientif1c shop and Iab-
' oratony education in the fleld of technological education with emphas1s
“upon the midd]g range of the manponef spectrum, Shdp and Taboratgny~
. facilities are generally conside;ed to be an indisﬁensable part of all
technological education, for at some point in time man must translate
. his feelings and thoughts about things into an action process. This
} basic translation p}ocess can generé]ly function more economically in
a synthesized setting for action, a laboratory, rather than in the real
j vorld wﬁere final proofs must be obtained. *
' _Scient%sts héve_always recognized that new k&owﬂedge is a pro-
duct of the laboratqry rather than‘a produét of academic search in the
library. Experimentation and discdvery are the essential hallmarks of
techng]ogiéa] education. Techpologicél educatton is directly related
to the defense and welfare of this natfon. At present ‘there appears to
be no organizedeody of material on this subject: thﬁs s tudy has been
attempted in order to gain more knowledge .on the utilization 6f these
. facilities as they now exist in'nur‘society. It is hoped that the

-material presented will not. only serve to profile this important area
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of educational endeavor, but more importantly, provide increased-awaref
ness. It is also hoped that thi; will result in further research in
this field of endeavor, -,

The twerntieth cenéqny has witnessed an unprecedented develep-
ment within the field of £echnological education, - Its gréwth and
development ;uo parailel to_th7/expansion of knowledge and the many new
advances in thé technical skills. At the sae tine technological
education has served to stimulate and accelera%e ghé further development

of technology. The resulting condition has led to the need fér better

~

ways of providing for tﬁe transmission of knowledge, understanding,
judgment, and skill. for the future worker at all levels and in all areas

of endeavor. The problem was stated by HERBERT SCHENCK, JR., in the

following nanner-
‘Lack of time is at the root of many problems in modern educa-
tion, and nowhere is this truer thap in engineering. Any project
'that-Jeads to equal or better under?tandxng of a topic with an :
attendant decrease in time spent will be a valuable and desirable --°
contribution, (1) , ( _

Td™further support the fact that shops and 1aboratories are an

indispensable part of a]l technological educat1on; we,wi]l turn to a° % .

statement by W. H. ROADSTRUM in his text, Excellenceé in Engineering: . o8

It is 1mportant to keep in mind that reading and study
alone cannot solve problems. Rather it is the combination of
thoughtful study with remedial action--trying out the new
ideas in daily work--that brings results. (2)

/ ' '

One of the copmonest ways of solving problems in enQIneer- v
ing practrcn is by laboratury experlments.---work in the lab-
oratory is usually an important part of your early experience,
and it will continue to-be important to you-in one way or
another as your career develops.

There are few indifferent engineers in the matter of labor-
atory work, Most engineers are either very fond of worklng with
physical equipment or dislike it heartily. The first group would
use the laboratory to solve just about every problem encountered.
The second is convinced that analytical solutions are the only
respectasle part of engineering problem solving.

Co {
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Actually neither group is very\pear to the truth, Laboratory.
work , like any other engineerirg prokedure, is a means to an end, 4
- It is only one specific tool to be ujed in solving engineering
. problems. Like any ather tool, it has its best applications and .
is to be employed with discrimination. You will want to examine -
‘ this tool, determine its characteristics, learn what its best
es and limitations are, and see what you can do to keep it
:ﬁarp and effective, (3) : :

In order to accommodate the demand for iqcreasé&“sne¢ia1ization
«. and, at the same timé.,cope with the greater breadth of subject matter,
many engfnéering institutions ﬁave deleted shops and laboratories as

a matter of expedience. SCHENCK.states: <
The extensive laboratory work required of updergraduate stu- ‘

dents in engineering used to involve at lease a\single weekly N

session in_each of six semesters. During the past decade, labo- *

ratory time has shrunk to half this amount or less. At the<same

time, more and more students are undertaking graduate work at the

master's level or higher, such work requiring in most cases

considerable original research, the planning of experimental L

programs, data.analysis, and the writiqg of some type .of thesis =~ -(\

- and/or professional gournal papers for Publication. Clearly
h . the two trends :Egﬁéggnter-working. An ufdergraduate who has

never used an os€illoscope or airflow metgr is liable to make . RN

an appalling job of even the simplést t sis research and, indeed,

‘many do. . ) - . S/
- ' Recognizing this, engineering teacherg have tried to replace |

the "cookbook® material in what few laboratory hours are left in
. their undergraduate curriculums-by more or less original project
T\ work, thereby totally eliminating all use-instryction dnd lecturg™
' based experiments. o, , . -~
This is a trend difficult to argue with in a fast:expanding '\\
technoloay, The purpose of laboratory vork in the modern day .
should be to.teach people to-experiment, The actual subject of
the test is irrelevant, providing only that it is interesting,
challenging, and not something that can be called from . <

“fraternity files" of past years. (4)

[
, . "~ )
It appears there are no extensivé® studies comparing the value

of a theoretical proqram based upon a pseudascientific approxch of

S ) . f“ .

analysis and a similar program rejnforced with the. traditional shops and
Taboratories that previéus!y gave technological education its specific

character. This fact.is rather surprising in‘liqht of the fact that
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these engineering disciplines are heavily. research oriented. Their

programs purport to utilize the scientific qythod. They utilize the
.\ o .
field of science as an area of applied science. .Engineering education

purpose is largely to teach the student how to utilize the scieftific

L)

v procedure.

“.The laboratory is an essential part of the scientjfic procedure
L . as the last step calls for testing the hyhothesis in a field of action.

ROSS G, HENNINGER noted the following: . . -
Survey visitation and discussion revealed that there is a .
general confusion about the question of the place of the “shop”
facilities and instruction in a truly technical institute pro-
\ - gram, In engineering curritulum\of bygone years, shop
-0 ., facilities and shop courses played prominent roles - foundry
in mechanical engineering and motor rewinding in electrical
engineering, for example. <Current trends in engineering
education, however, have‘essentially eliminated all such
topics, as engineering develops to embrace the advanced and
. expanding realms of science. (5) .

HERBERT A, ESTRIN in his text on Higher Education in Engi-

neering Science, states that research and authorship certainly add to

g,,, .
the prestige and recognition of an insEﬁtution. He further states that
X ﬁthere is no doubt ﬁout the- fact that we need to turn out more theoret-
ical engineers than we have in the past, as tfis has been a historic S\

. trend since the first cd]lege of engineering was foupded. He than
‘ . A
, tersely writes the follcwing: o

. ' \

In our zedl to accomplish this desirable result, however,

: , there is dangar that we shall Tose sight of the real: di fference
between a thaoratically trained enqine«r and a scientist.' It
would be rost unfortunate, in my opinion, ii the Colleqges of
Engineering sudsenly were to devote their attention to addating
nseudo-scientists ratrer than engineers. (6) .

Scre have justifiad this trend upon th2 basis thayl the compe-

- Y

toncies of thn emajigeer no longer call for ezaactis-~ in th> shop or \

Tahoratory bocaus» b i% now a member of a toan and thrse activities




. fact that the new generation of engineers have developad little regard

-
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are better handled by a technologist or a technician, Others state that

“the discontinuance of shoﬁs and laboratories is now accelerated by the

A%

for wark in these areas as their educational experience has been

£

directed to the analytical aspects of engineering. Some claim‘that the

accreditation process has been influenced unduly by those of greater

educational attainment and thus engineering has been heavily skewed

Al

Vg

toward the science end of the technological spectrum. What has failed

\to emerge from the present scene i$ an in dapth anaf}sis of specific
competéncies unique tg\each of the var%ous areas of technical endeévor ' 1
and methods which best develop these competencies.

The complexities associated with this study were ihdicatﬁd\in

the Final Report of Engjnéering Technology Education Study made by the
American Society for Engineering Education in January, 1972,

1 *‘

No adequate data were found that would permit. meaningful com- _
parisons of laboratory equipment and facilities between various .
kinds of technology programs or between technology and engineer- :
ing or physical sciences programs. Square feet of laboratory
space, value of equipment, .and.otHer data usually submitted as
a part of the evaluatfon for accreditation vary so widely from
institution to institution -- even for similar programs -- as
to be essentially useless for dijferentiation, d

"of the technology laboratories
they were oriented more towards pro-
\sLowards research or experimentation,
¥8d need to devélop technical skills, there
frequently were ex#nsive production or shop laboratories and
_large drafting rgoms. With commercially manufactured laboratory
1T pIemt apfng increasingly available, there appears to be
a small tremf toward more standard experimental .or demonstration
lahoratories in technology programs. (7) -
. 3
In any discussion which focuses upon education we all instantly

A qualitative evaluatig

- . /

become experts. The reason for this phenomena is that each of us has

AN

acquired sone knowledqga gf education by virtue of having experienced the
) ) \

1}

<
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educational-process in a variety of different situations. 'Few of us
have built an understanding based upon the knowledge we have gained.

In general, we do not search out: the historical roots, the educationadl
- philosophy, the'psycho1ogica] methods, or the sociological processes

'\ that support our present forms of education hhich'provide the basis for

\

-

\\ trends taking place. Most of us see only small isglated pieces of a
rather large complex picture, ". -
. Some educatqrs hav; eiperienced teacping oh‘a broad ?asiS\in ,
that they have been involved with the educational process on a number
[ &f different grade levelsim Others have become highly specia]ized.
w‘thin a particu]ar érea ef interest, It is only natura] that both of
+ thgse spec1a]1sts see the many different interfaces to their discipline.
Thesproblem arises when each educator desires to bring these many and
var1ed 1nterfaces w1th1h his particular discipline. What is sorely
needed is a plan of action to separate the various discip1ines‘based
upon the essential function they perform,

/ Obviously the elements of the probTem are extensive, thge param-
eters are diverse.and varied, the constraints are limitless, and the
assumptions are valid only when seen in reference to a specific setting.
The reader nust not expect to find specific detailed information, but?

\\ rather a Sie]ineati%n of ideas and concepts relating to the nroblem.

The value of the research appears to be directly proporticnal to the

v A breadth of view or scope of the undertakiﬁq for there exists a.]arq%
and comprehensive body o% relationships. ‘ L
To make a critical appraisal of the prob]em calls faor a
determined list of questjdns to which answers ;réf\pught. Ther general
analytical questions asked are as fo]]oqs: ‘
) , - ~
o /10




11,
12,
.13,

14.
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What early deve]opments qavesshape to modern day
techn01091éa1 shops and laboratories?

What is the spectrum of shop and laboratory ut1llzatlon
in technological education?

What .are the 1nterfaces between thesé different forms

of technolog§cal education? . s
vy k S

What commonalities exist between these d1fferent forms

.of technological education?

What does the cuyrrent status of Enqlneerlnq-fgchnology
appear to be? .

What 51 gnificant trends are under way?

‘What needs does Engineering Technology appear to meet?

Hnat major constraints. or limitations appear to focus
upon shop and laboratory program requ1rements in
Engineer1ng Technology? . ‘

Educationally speak1ng, what are some of the possible

" courses of action open to Engineering Igghnq]cqxz

What is the educationdl process that-shapes the develop-
ment of shops and laberatories in technological education?

What constitutes a meqn1ngfu1 shop or laboratory experience

.in Technological Lducation?

What aré some; of the various ro]es tA; student plays in ’
laboratory~ud4k7 ’

What roles are typical for the instructor of technolog1ca1
laboratories?

How does an tng1neer1ng‘Technology laboratory differ from
othér forms. of technological Iaboratorles?

-

What other .forms of experiénce are substituted for -
laboratory instruction?

lihat options exist for maximum laboratory utilization?

How ma§ laboratory efperiences be compared and evaluated?

What controls appear to be necessary to guidé the devel-
onment of Engineering Technolony laboratories? .

‘What effect do=s emp]oywent opportun1ty have with respecg

to shop aqp lahoratory experience in [naineering Technoloqy?

4

- L ’
i1 ~ .
¢



R
. .

v.e - 20. How can the analysis and determination made in this
\ _ study serve Engineering Technology? -

511 of ihesé questions are interrelated gpd offer an i%portant
pojnt of.perspectivé‘in utilizing educatfonal shops End 1gboratories in
the field of Teéhno]dgica] education; In géneral they are §upporfive
to providing .a measuée of reality within the §chool system, Whether :

, they are in a school or industrial setting they definitely fall within

. the context of scientific problem solving.

e/

-

THREADS OF DEVELOPMENT

I

-

[ ]
-

-

1 .

Socrates was once }gﬁfd what constifuies the ideal educa-
) ) . y \—-\. .
that the best situation was to edqcate

tional situafion. He replie
youth' by providing opportunities for experience within the society_in
. ) whi&h the student w&uld live. Today this:is not possible; consequently,
society has turned toward siﬁi]ar educat?Qnal situations within formal
education. Thjs pracess can be costly aéd it never can cohﬂaetely B
\\\,,/ : acﬁieve ihe exact reference of }ea] industrial exﬁérien;e.

In the prehistoric beginnings of the race, man lbarnedlby-expgr—
imentatign and its concomitant experience. L;arning was then a‘resdl-
tant product of experdence. Man learned that by repeaping.an act in &r:
. u;der a Specificfgyt order of conditions that he could influence the
| outcome qf events. Techho]ogy, the act of achieving a, practical
aurnose, 15 .S éld as.wan himself. lihat has cﬁﬁéqeq in the last period
of time is that man has gained so much knowJedﬁEfaboat the laws and
principles of tne Universe that he can nw shape events through the
wene fits of art and science, without fo]]uwinqlhisreérlier‘establighéd

routina f woving from g event to an artful way of accomplishing
‘e ' | - 3

. ‘ ’ \\‘ . . | ( . ‘




somethlng to eventualiy dxscover the fundamental prlnc1p4es of science.
How strange it is that modern educational processes can be

'v1ewed in opposrtlon tq tﬁ&nﬂormal processes of learn}ng. ' The norma]

process is to experlence and through th1s experrence we learn. - Today '

.ﬁ

our educational processes are desngned to teath a Sp&lelC item of |
* " subject matter and then this learnlng is enhanced w1th accompanylnq
o and spec1f1ca]1y designed experiences. It is important to neo that‘
shop and laboratory work is dynamic in that there lS a constant lnter—
change at work between both basic approaches to leorning.
ROBERT PERRUCCE and JOEL E. GERSTL in their bbok, The Engineers

. !
and thz Social System, descrlbe the slow formatlon of a profess1on of .

englneerlng.- \
L The economics -of ancient civilizations did not require .
the organized development and appllcatxon of technology for which
an enginearing profession was necessary. The prevailing tech-
nology was a produ¢t of trial and error, intuition, artistry,

and the gross synthesis of experience unsupported hy science. , {(8)

There are many threads that have brought the world.to the

préoent %oyo1utionary aovanco in science and technology. ‘The craftsman
has persisted through hl]°ages up to the present; howevar, his signiﬁf-
cance éome to a focal point dpring'u“ezﬂddle aqgs. In time, appren-
‘ticeship systems developaed as a natural outgrowth of the master-
craftsmen atpempting foggytend their.operationsithrough apprentices.
During the sixteenth and seventeenth centuries the scientifio effort of
.the §§Llier Societies o%-Science created a new basis for technology.
During .the e{ghtegnth and ninateenth centuries the “Factory System"
cneated a need for workers in a variety of different fields. At this
time there was a great d=al of over]éppinq in the various fields of

~

scientific endeavor,

ot ‘\““9‘, 13 |
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..+  The first true’ engineering school was established at the United
States Military Academy at .West Point in 1802. ThlS was followed by ' -\\\

other institutions interested in Science and Engineering Some of
these institutions are as follows: Rensslaer'Polytechnic in 1824,
Framk1in- Institute in l824 "M.1.T. in 1865, Hampton Normal in 1868,
Tuskeger Institute in 1881, Carnegie Institute in 1905, Cal Tech in

f . . A

1905, and Cal Poly in 1903. T : | ot

o - Concurrent with tlie development of early engineering institu-

. tions was the development of the Hechanics Institutes during the years
1824?l855. This was a natural consequence of the development of steam
power in the 1700's. Later, as electrical power came into its own in |

- the eé%ly 1900's, whole new industries were developed.- TheManual .

.‘ : Training Movement began in 1825. ! The Civil War brought about a renewal .
| of interest in technical education. in 1862 the ﬁorrill Act was passed
by Congress. This bill established the system of land grant colleges
_in the United States. These schools were designed to advancesthe edu-
,-cetion of the farmer and the mechanic. Later they became the basis for
our present system of engineering schools. During the yeérs 1868 to

»\\\l9l2 the Trade School Movement flourished ‘

| In 1875 the European Exhibit at the Philadelphia Centennial
Exposition injected'new vigor in a variety of experimental shop programs
during the 1880's. Manual.Training Programs were established but later
§nve Qaj to the Vocational Education Movement which got under way in
1905, A program of industriel arts was developed at Berkeley and ' !
Los Angeles in the Junior High Schools. By 1929;Industnial Arts an

established college proyram et San Jose, California. All of these

prograns and movements flourished and assisted America in providing
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“technjcal workers for a .variety of employnent levels. An overview of

this hlSthlC background appears to support a trend for ever greater

]

o - L]

. The.Jndustr1al Arts- Programs were nat1onally accepted by the

T

1930°s, Fresno offered a B:S. in Industrial Technology as early as -

1

1948. hy 1957. the Junior Colleges enoarkeo upon'é,program.of Techni~ \

cal Education and Appliﬁ? Sc1ence. ‘In lgna,the:ggﬁgﬂionayrﬁducat1on

~ Act reaffirmed a strongkbos1tlon for varlous-nrograms ‘of technical

-

educetidn:“ In the last'f{ve or six years a few.new programs of
engineering technology were developed %n our Enqineering Institutions.
A1l of these various programs have some things 1n common, the most
signlflcant being the1r use of the sc1ent1%‘c method of controlled

xperimentatton and the utiWzation of the %urrent industrial s¥ene
_ T

as a base for the educatlonal process )

Industry and the FederaT Government utilize the concept known -~
as the division of laber. This program is cufrently visible in the <(
\P 0.7y, Dxctionary of Occupational Titles, and eath specific occupat1on
is‘de11neated in terms of Jts requirements. This document servef as a-

guxde but Industry contxnues to establisn a wlde range of positions

'in keeping with its specific needs. The results of these many programs
of education, methods of classification, and actual practices add un to
a‘need for a composite hpproach or system. It is'the writer's belief
that such a system can be deye]open if programs, descriptions, and
applicytions can be resolved upon the essential characteristics in
each clas sification  bhile thxs study can account for only a small
part of a total study that needs -to be done, it nay prov:de for the

dey2lopment of new interest and a point oFd:parture for additional

»
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‘.§t ies, The usabilify’of thﬁs-study‘ﬁill depend upon how it fits the
; developments of the past ard,’ agaaﬂ; uppnfhaw it fits reality and the

' foreseeable;future. It is hoped that this study will elicit a similar
or empaehicﬂpoint of view for those who read- this document.

' Hpen the word Technology is used in.this papetr it is meant'to
“include all pheses'of basic and applied science.f It is pest’defined as
a technical method of achieving a praetical purpose by the~pse“nf Aré

| apd Science;: It is important ta-peiet ouf that Art, Technology, and
Science are constructs or products which man'uges‘to cope.with the com-
plexities of life. Thaey do not exist in reality. On a similar basis
the Lords lf&e operator, techniciin, technologist, engineer, and
scientist are a]ep constﬁhctf. While we may have a genera] fgeling for
the e;ECfitude-of tﬁese words they generally are not specific becadle
the frame of reference held by all others is diverse and varied.

The words shop arid labdra{pry are also symbols or constructs
cover1n§ a wide and diverse array of facilities. The writer's defi-
nition of a _DQR.IS a period of time or a place equipped with tools and
industriai machines designed for the purpose of processing materials. _,

A school | shop has the same connotation as shop except that it exists for

the baSIC purpose of helpIng sbudents understend the rami fications of

i
Art, Fechnology, and Sc1ence as utilized by our Egchnolog!cellﬂgciety.

The word' laberetory is deflned by the wrlter as a period of time or a:

‘place equippad to, prov1de opportunxtieaggor experlmentatvon. obser-

vation, testing, analysis, or practice within a spec1f1c f1eld of study.

aAgain,'the school laboratory has the same connotation as labqratory

except that it exists for the basic purpose of helping the $tudent

understand the ramifications of Art, Technology, and Science as utilized

g

a
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by our technological seciety. While this study utilizes both the terms
shop and laboratory, thére is very tittle difference.' The ‘same physical

_- facility mlght be classifind as a shop or as a 1aboratary based upon its

AN

Qpeciflc functlon. ; . : R

.

There is also further rpcognit1on that these defxnltlons are
'deaiing with const;ucts that "can more properly be classified as an amplifi-
cation of normal thought and action processes. Art is that aspect of
th?ught and action which deals with the human eéuatidn. In short, it is .

reléting ;he "me in here" (desires of man) to the "it out there" (reality or
nature). Science re]ates to the "it out there." Reality fdr man is both
nature/and self and the resulting relationship. Once these relat1onsh1ps
have been grasped it is possible to understand the significance of Technol-
ogy. Techno]ogy can be identified as the process of utilization by which we
utilize the "it out there" for the “me in here."” Technology is the method
L or procedure wnhereby maﬁ achieves a practical purggse for man. It is a
sequential. ordering of tasks. ' )
fﬁfs study then cdnsists of a myriad of relatiensRips that are not
- simple, single, or isolated. To sunmarize or to subsume the facts into a
construct requires that essent1a1 characteristics of the data be used. Sub-
sumation appears to be most discernible when organxzed around the concepts
of structure, function, and mexhod. Structure implies that concern will be
.made for the field of operations; funqtion implies point of focus or pur-l
pose; and method refers to accepted practices. .
~ We must examine the structure of this problem in reference to
technical-scientific education within our industrial society. The

! _
function to be performed is to make a critical appraisal of facilities

‘utilized in technological education. This means that(the basic action

17
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will not only be based upon the environmental structure, but also upon
what the %ﬁdi\(idual perceives things to be .and upon the task to be done.
The ultimaté task. is conceived to be the-devefépment of a ccmstructi that
will pmvide for a systems appmach s0 that effort may be opt1ma'ﬂ§
orgamzed Method is essentlally analys1s te ered mtﬁ thoughts,

feehngs, and a.ction about space, -time, self, and the forces at work in

the universe (truth). It is invplved with P ces's.. Procedure, and Design.

It is hoped' that the reader will be enerous enough ‘to evaluate

this study based- upon the author’s use of ge efaHzation conceived in

terms of the unique characteristics of each
-

lassif}ication. In some
cases the use of terminology may not suit the reade_*nd he may find

that the writer has missed the V'poi.nt by Virtue of the ré_ader's own spe-

cialized fra#me of reference. The authdn hag tried to objectively view

the problem from a total point of view withgut bias.
. : o ¢ .

TYPES OF PROGR

~ American public education embraces p number of di fferent

technical-science programs. ‘Th_is is furthey complicated by the parti-

‘cular structure of g}ades within- the commun*’it,y. Some systems .include
- '§rades seven and e'ight as a part of the eleméntary system. In recent
~ years rﬁany schoals have accepted grades seve‘;, eight, and nine as the

. basis of .@;@gnior high program, Grades nine through twelve or ten

through ‘twelve are seen as the high school gr‘pdes. Upon completion of
4 ) . ’ ) A
high school the student has a variety of pmg*ams available for his fur-

. |
ther development. ' N

1

Grades one through six are generally conceived of as an inte<

grated program of instruction. Industrial Art\n ay be offered as an

i

I8 \

o
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experience with tools or as an experience building objects for-a learning
unit, Grades seven and eight or seven, eight, and nine infrqduce %pedal-'
. ized courses of_instrucﬁiqn aimed at expigﬁatibn of oéchpations. Explor-
atorj Indusg‘ialﬁArts usually acquaints the student with a laboratory of
industry concept, The student may rotate throudﬁ a series of unitized
laboratories centered upon major materials of-concepts; i.e., woods,
metals, electricityy photography, crafts and graphic8. The objective
being to provide real life exper1ences with regard to materials, pro-
cesses, operations, industrial organizaéion and occupationsg The
.Industrial Arts Program in high school may continue through a1l four
' years. At this level the educat1onal experience is pre-vocational The
program continues in the junior college or four year inst1tutxon as -
Téacher Preparation or if Industrial Technology is taken it aimﬁ‘at
employmenp, _ P ‘

Vocationa} Education usually starts in grades ten po twelve, Its
aim is gainful employment. The trédes and industry program is pre-
employment_trainipg in traqes or technical occupations, Tﬁe vocational
program in the junior college aims at pre-emplqyment, upgrading, and
retraining. Students recejviﬁg training beyond the jdniof college level
tyaditinna]ly take a program of Indugtriaf Education, Industrial‘Education
in this sense, bei&g‘a combination of Industrial Arts and Vocational |
Edycation. Vocational Edycatibn in the juniér college may also take the
form of an apprenticeship. In recent years junior colleges have offered
technical education as avkofm of vocational education leading to employ-
ment as a technician,

éngineering Techno]ogy may beqin with technical education in the

junior college, but must be completed with two years of dqitibnal work

/
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in a four year institytion for qualificatiop as a techno]ogist. Sgge

’ . Junior col]iﬁes set up spec1al programs reférred to as pre-engineerinq. -
These programs aim at.the first .two years of engineering education but .
they may also ‘contain some technicaI educatian ;;urses such as graphics
and machine shop. This education may be described as pre-prpfessjonal

Please note that the following diagram indicates Basic’ typés of N
technical education within the public school system, Options be come
'greater upon completion of four years of high school. Students can | \
however participate in some post-high school‘;bcational prograus uithout )
having veceived-a high school diploma. . e o e
| The following construct wit) provide an overview of the . 3 . \\\

functions these different prograds serve at the various grade levels. 'Q.

I3

_ER&C

Aruitoxt provided by Eic:
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(' . orade TECHNICAL-SCIENTIFIC EDUCATION IN PUBLIC SEADLS
‘ K e Kindergarten = Socializagion o | "
Ko 1A AEIementary Schoo] = Integrated prngrams af Ind Arts as General Ed.
2 | - . .- .
{ ‘3' . ‘ ‘
. . \
4 ) .
5 ' -
| L 7
. 6 : K
7 , Jupior High School = Exploratory Ind . Acts as General Ed.
8 7 ' ExpToratory Science and Math
| | .
\ Senior High School = Pre-Vocational. . \
9 Industrial Arts as General td,
10
Senior High = Vocational Trades & Industries
n A part of Career Education (Pre~Employment)
12
13 x Lower Dnnsmn *\ . . A
14 ' _ | . 242
15 Upper Division 1. Professional
\ . - V. Ina. regﬁ
16 ' , 2. Engr. Tech.
. . : 3. Engineering
17 &--— Masters ‘,. - 4, Science
: 5. Ind. Art Teachlng
18 Doctorate ———— \\~ 6. 3 -V.E
= Pre-Professional
19 T. Industrial Technology
2. Engineering Technology
20 e_/ Post Doctorate ~¢ 3. Pre-Engfneering
N Technical Education
Graduate £Ed, ————. 1. Pre-tmployment

2, Retraining
3. Upgrading

T. Industrial Ed.
2. Engineering :
3. Science _ Apprenticeship bd.

Mote: Programs in Seience and Math are avaﬂabfbnn all grades beyop‘d
™ _ twelve as specialized areas of endeavor.’

21
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CONSTRUCTS DEVELOPED
\ ’ ' , A .
At present there“are five major types of technical-scientific
) classifications w1thin the sgectrum of employnent They are a$ follows:

Technica*-Scientigip Employment

Operator
Technicfan
Technologist
Engineer
Scientist .

) BN =
.

If these five types can be clearly identified there must be at
least five types of shops or laboratories to serve the basic functions
et -
of each group of employment., These specific types of shops- or labora-

tories should be optimized in terms of the educational .furiction to be

» - accomplished. The type of shop or laboratory to be identified with
these groups of technical-scientific activitfes appear to be as follows:
Technical Scientific Employment Type of Shop or Laboratoﬁ
1. Operator _ 1. Vocational
2. Technician ' 2. Technical (Voc. - Tech.)
, 3. Technologist - 3. Industrial
¢ 4, Engineer . 4, Experimental
5. Scientist ) : 5. Science
Obviously these types of shops and laboratories possess many -
similar charactéristics in that they are interrelated and in varying
degrees utilize materials, tools, equipment, processes, operations,
. tasks and techn1ques common to the 1ndustrxal establishment, The
™~

scxentlst on the one end of the spectrum uses all these things for the
' singular purpose of constructing specialized scientific apparatus. The

opé?etor on tﬁe other end of the speetrum is concerned with the same

things, butofrom the concept of skill development in oparation of equip-

ment to produce parts. Between the two ends of skills and theoretical
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concerns we find a variety of functions that serve basic educational

.

purposes in each classification. These.may be as follows:

. / Types of Shop or Laboratories Functicﬁs of Shop or Lab

17 \Vocational 1. Educatidn for production of
. parts and subsequent assembly,

s 2. Technical 2. Education for specialized techni-
. : cal expertiseiconcerning ‘
. production operations.

i

!

; ' ‘ .

| 3. .Industrial . - . 3. Education in manufacturing .

| . _ research, process, and systems of

! | human interface to machines.

45 Experimental 4. Education in applications of
science to translate printiples
into usable forms, fof man.

! 5. Science 5. Education in exploration of
N . : phenomena to discover scientific.
’ - ’ principles
| The functions of shop .and laboratory use span the functional

/ outcomes of.eduéation, i.e., kpowledge.'undersﬁanding. judgment and
ski1l, The method by which‘thésé various types of shops and labora-

; tories achieve thejr ends relates to the creétive, technical and

logical ways man resolves problems. In the case of shops and labora-

/ ' tories it also relates to the type of equipment and théiaasic concépts

f -.of organization,

The most useful methods for education have stemmed from the
field of psychology for they are based upon the study of the .
mind under various conditions. Educational Psychology suggests
the -following considerations: * .

A

1. Perceived Purpose -- establishes learning set.
through relationships spast and present) to sug-
gest a setting of application and experimentation.
in concrete undertakings.

2. Individualized Differehtiation -- based on individualization
Tﬂatuﬁty;[.eveﬂ as learning 1s an intimate affair
involving the whole personality as a continuous
process. o
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. 3. Graduated %egyence -~ based upon psycho1ogica1
‘ concepts -7 -

. : a. Known .to unknown - L
= ( b. Simple to compleﬁt : L
a o ct ’

Canrete to abst R \

Y - -

4, Active Re;pdhse -- based on use oﬁ.material undey

TTke circumstances (actual 1ife -cancarns) coritent s

to have ;gg] truth e1ements feIating to lnterestr\ ..
~.and prob | '

5. A ropriate Practice ~- based pn concept of building
rsthand experience)d. Reality consists ‘of dealing
with symbo1s abstractions, as well -as environment.

.

o _ 6. Knowledge of Results -- based on principle that

~ Tearning must be used (Law of use and disuse). s
. Inveldves skill, habits, attitudes, knowledge .and

other acquired conduct_ (9)

*

D

Steps one, two and three are basic to all forms of-education.

. Steps four, five and six emphasize the need for shop and laboratory
" work in the educational process.
~ To further deve]opf;eteria] for a construct, analysis will, be
draym with reference to Essential Methods of Problem Solviﬁg; Types

P - of Equipment, and Basit Organizational Concepts.

Types of Shops and Laboratories  Essential Methods of Problem Solving

1. Operator . Normal Basic Actions

2. Technician - | Orderly Procedures

3. Technn]ogist Observations and Tests
@, Engineer Theoretical Computations
5. Scientist Conceptual Delineation

L]
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Types of Shops ang Laboratories  Types of Equipment . Examp]es
v, T e AAA
- .- N Mu]giple units of~a variety F
"1.. Opérator’ - o . of simple industrial egg‘%— 4,55@../
' O b : : . ) ——mpt' | _ . ”C+C
“).f" , \_' .__: .o ’_‘__— l ' e .
.o -, 7T ~Groups of types of
2. Technician: ' . Industrial Squip- .
o - . * - ment by function
‘ Q \ LT %
. ; ; ’ Instrumented manufacturing
3. Technologist testing devices complete ‘| A-#B-»(
. industrial processes °
: . Only enough ifistrumented ¥ -
4, Engineer - + equipment to test for Values
o7 concept of utilization . L
. . Construcgjon and mani- Item of
5. Scientist -~ pulationof special .{Concern
) ) '-r‘scient3f1c apparatus
‘.\r " i s
RV _
pres of Sﬁﬁgs‘and Laboratories * Basic O[gahizationa1 Concepts
1. Operatdr Aimplified Operations
2." Technician . Unitized“Expertise
3. Technologist Systematized Processes
4. Engineer : o -Instrumented Tests
5 [}

. Scigntist ‘ ' f * Devised Experiments

] _ From the,fb;egoing summarizations it is now possible to subs
sume the above.facts#jntu a conséruct. In totality the facts take on
greater importance. As in Gestalt ﬁsycﬁology, the sum is equaﬁ to more.
than the sum of its partg. A few additional words have been added to

the following construct to stréss the material presented.

7



COISTRUCT OF TECHHICALefCIEiTIFIC PROGRAI OF INSTRUCTION

éé

- AlD RELATIONSHIPS-TO INDUSTRIAL COHCERNS _ -
, | .
AREA CF TYPE OF FURCT ION BASIC ESSENTIAL ~ TYRES | .
TECHUICAL- | SHOP OF ORGANIZATIONAL | * METHODS Of . _EXAMPLE
SCIENTIFIG OR SHOP OR LAB CONCEPT PROB, SOLV. EQUIPIENT {
EMPLOVI'LHT  f LAB T %
¥oC Education for Production Simpiiff%d | tormal Multiple units of a AAA
LAD of Parts and Subsequent ] Operations Basic , Variety of Simple ELEB
nsserbhly o : Actions E Industrial Equipment cCCcC
2. TeginIctay | TECHL | Education for Specialized{|unitized G% Orderly " Groups of types of 1A Ayt Al
. (Oreraticns) LABY | Technical Expertise Con- ||Expertise Procedures Industrial Equipment . | g
cerning Production Opera- by Function A4 A5 AS
tions R ‘ : |
3. Teomotectst | o~ ) Education in Manufactur- Systemafized Observation Instrumented Mfg, Test"
(htveloarnant ) | LAB ina Research, Prbcesses Process and Tests Devices & Complete A-»B->C
apd Systems,of Human. ‘ Industrial Processes
In;erface to fachines ° '
4. LHGIﬁ:LR EXP Educatiun in Applicdtions [{Instrumented | § Jheoretical IOnly Enough Itemized + -
(Design) LAB of Science to Translate  |{Testsq - . Computations] | Equipment to Test for Values
Principles into Usable \ Congept of "Ut{lization : ‘
Lforms for Man
6. SCILUTIST 5CI Education in &xploration |[|Devised Conceptual Construction and . Item of
(Rescarch) | LAB of Phenorena to Discover [iUxperiments Delineation Manipulation of Special Cancern
‘ -‘t1S5cientific Principles i . - :ki!?cientific Apparatus

L : .

A
-]
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Now that we have identified the various types of technical-
scientific endeavor with their specific characteristics, it is important
to note thaf. in reality they do not exist wi fh. clearly defined Timits.
The following con-struct shows the present\overlapping between technical-
scientific areas of employment and thé basic operations and responsi-

bilities involved.

oo
<

\
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. CONSTRUCT OF TCCHNICAL-SCIENTIFIC EMPLOYMENT AND OVERLAPPING
CPERATIONS AND JOINT RESPOHSIBILITIES §
Area of - " Basic
Technical-Scientific Operations Responsibility

Employment and Overlap
K Non-Skilled

Operations
Semi-Ski1led
. 0 LABOR - Performance of Essential
Operator_-—--? Operations = Tasks Requiring Some
skilled Physical Effort
« 4 . Operations . _
' ] L ® TECHHIQUES - Optimum Ways of
F : Treating Details ~
- Technical . ‘ T
. Operations N , -~ “
Technician — .- ® HETHCD: - Fy of Doing Stmething
‘Productio ' .
, A Operation}; \
- T ° * CONTROL - Basic Tool & Concepts Used:
ol ] Processes. ---0.C., Cost Acco.unting,
? Operational o PERT Ftc.
R * Research . ‘/ -
. : ) Process E /
— — -
T’echnologmt Engineering — o.SYSTEM Sequence .
. Manufacturing
A Research
| . @ EXECUTION - Planning Activities
Y R “ to Carry Out Engineering
. , Engineering : 4 Design - . .
: Developrent < )

Enginegr

© DPLVELOPPENT - Application of Science
to Useful bLnds

Design

tngineering

1!- ‘. Pesearch
‘ -
® CPIATION - Discovery & Implementation
" Applied
. Réseerch
. 2 ‘_t
seientis - o THEORTTICAL COUCEPTS
J Basic —r—j _ ,
Y research . : p
Note: The alove items are invelved in’ <
' ' . , eoch area of euployment but chief
. effort shovs joint responcibility.
PO 29 | -
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The Scientific Method can be broken into the following seven-step

system;
1.  Identify the}prob]em
2. Define the prob]em
3. Formu]ate the hypothes1s
a. ‘Collect and Organize data
WA 5, Verify the hypothesis , . -

. 6. Formulate conclus1ons

7. Teét-'hypotnesis in the field
. ' ) : e ’ ' ' ﬁv
K\\;‘ r - Nh1le the above steps are used in any rone of the areas of

| techn1aa1 scientific employment, it is interesting to Speculate upon
» these steps, becoming specialized: functions within industry. The
- following construct indicates that industrial society hés not seed’the
'." end-of spec1a11zation a;d the adJustments of acconpany1ng functions,
One could speculate that there will be a further refinement in

specialization, Please note detawls on next construct

-

210
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PUSSIBLE PUTURE SPECIALIZATION AND ADOUSTMINT OF ACCOMPANYING FUMCTIONS

3¢

Stens - Scientific Process k Basic Functi'ons ’ ‘#ossible Areas of Employment.
1. IDENTIFY THE PROBLEM ——= @ BASIC AND APPLIED RESEARCH ————s» @ SCIENTIST . Science
(Speculative Use of .. {Visualize Limits) . , Lab
Scientific Facts) '
-2, DEFINE THE PROBLEM —————3= @ ENGINEERING RESEARCH : p~ ® ENGINEER - | Engr. or
(Product Design) - AND DEVELOPMENT ‘ f Experimental
- ’ (§peci fic Conditions) Lab
3. FORMULATE HYPOTHESIS ———> ® MANUFACTURING RESEARCH ey @ MANUFACTURING Mfg. Engrg.
(Process Ref’mements) B (Work Cond1tmns) ENGINEER : Research -
(Economics) : ‘ . Systems Lab
4. COLLECT & ORGANIZE DATA —z=.  © OPERATIONS RESEARCH o @ OPERATIONAL Operationé or
(Plan of Work) - {Assignment of Manpower) TECHNOLOGIST, Methods Lab
(Conmumcatmns) . L
5. VERIFY HYPOTHESIS —————> © PRODUCTION OPERATIONS e 2> @ PRDDUCT‘ION_ Production
(Sequence of Tasks) . (Duties & Responsibilities) ‘ TECHNICIAN Lab
6., FORMULATE CONCLUSIONS -—-—-—-:- @ TECHNICAL OPLRATIONS > @ TECHNTCIAN Technical
(Critical Path) (Production Relationships) Lab
7. TEST HYPOTHESIS > @ SKILLED OPERATIONS . o @ OPERMOK ] Vocational
IN, PHE FIELD . (Repetitive Acts) . Lab
(Optimum Performance) . : . : o St
> ' :
S « ' 3
' A (’ 1 . N ;a
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Before leaving the topic of types of shops an& laboratories
the writer would like tb point out that several other typés exist
in the industrial scene. Many comp&nies have éngineering shops and
laﬁorétories aimed at Engineering Development. Some have prototype
or model shops which prevent.production lineg from—being‘inter-
rupted. .In aqgitione some companiés have ﬁiﬁufacturing engineering
shops ‘and 1a50ratories designed for the testing and improvement
of m&nufacturing processes, If, the maanacturing plant processes
its products on a functional basis in }ieu of a broduétion line

»

there may be unip shaps Quch §§: machifjng, stamping, casting, ,

foundry, fprging, welding, plastics, finishing, assembly, packaging,
‘:inspection and maintenance. Laboratoriessin industry are used |

to solve problems and-{o prodice hardware. * Educational shops

sérve the additional purpose of education.. If educational courses

and their activities aim at créating a research orientation then

shops and laboratories must be used to resolve research.

4

-




¢ HYPOTHET ICAL QUESTIONS, ANSWERED

Q 1. What early developments gave shape to modern day techno-
" lTogical shops and laboratories?

A -1, Hoderﬁ/Aay technological shops and laboratories are

largely based upon the successes men. Progress is largely based
 upon empiricism and utilizes magfer and power to create for man the
possibilities of civilizati JOHN R. WHINNEY directs our attention

to ad'inescapabIe fact in his book, The World of Engineering: *The

story of civilization is, inAa sense, the story of epgineering --

that long arduous struggle to make the forces of nature work for man's _

good." .(10) EE ‘ ‘ 'S.
qu's ability to ‘meet change by creafive and innovative pro-

ducts and sgrvices shapes the field of action and research in the shops

‘and laboratories of our schools and industries.. : -

DANIEL V. _DeSIMONE in his treatise, Education for Innovation,

states, "Moreover, existing knowledge about the wor]d.ofutechnOIOQica
change ii.nOt only rudimentary, it is disorderly.* (11)

: bisorder for man lies in his inability to place total ’ga Qe
and effect in chus ag a point in time., The totality 05/£ﬁ753§‘£Vades
the process of diScernment and progress is based upon finite pieces of
truth couched in specific contexts. In reality man Mves in an orderly
universe. It becomes orderly as he develops theories which co{;cide
Qith the devefdpment of applied science,

The events of the past are too prodigious to repeat in this
paper. All tha{jcan‘be said is that today's shops and laboratories

have been shaped by the historic past and as d&namic tools of man they

-
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will undergo many changes in the future, many of which are beyond our

-

wlldest imagination.
" Q 2. What is the spectrum of shop and laboratory utilization ’
- in technological education? '

' | - A 2, .A great deal of confusion exists in the minds of people
as to what constitutes the spectrum of technological education. On
one hand the Spectrym/is as large as the industrial scene, for industry
is the umbrella fd# all construction and prodpction of products and .
services. - .

‘Life s education and education is 11fe The entire experience
of 1iving is undergirded by observation and experrmentation in our
.environment. In specific areas we establish types ‘of facilities as
delineated in the'construccs on pages 22 and 26 fn this paper,

. It ﬁs.easy to jump to the conclusion that all learn%ng shou]d
| contain.some observation and ekperimentation in'the learning process. )
A chief disadvantagé of learning in shops and laboratories is that the
.'student does not have time to experience everything. Participation in
this areﬂlof 1earning has its limitations. However, those things he
dpes experience serve as reinforcement for mastery of trial and error
and cause and effect relationshipsl Reality is a stern teacher. -
| Q 3. Uhat are the ineerfaces between these different forms
of technolcgical education? _ i .J
- A 3. For dall practie 1 purposes there are no interfaces.
' Extensipe amounts of effort hJCe been utilized in trying to delineate. 2
the hypothetical interfaces.‘ This is most apparept‘in the receht

literature with reference toﬂ each of the ltraditional. fields within

tngineering Techno]ogy.and Engineering. What exists is an overlap-

35
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~in place of an interface. It has been estimated that there is cur-
rently an eighty-five percent overlap between these two types of ’ ‘,;
disciplines. Delineation at-présent hinges upon the higher mathematé |
ical abstractions in Engineering and greater laboratory applications
in Technology. As technologists secure professional reglstration
P.E., the overlap will become greater. In another plane of thought,
Athe use of the computer will continue to/erode the mathemati cal
distinction,

¢

‘

A serious consequence to'tgis‘interface i$ -our national concern
. with economic accountabi]ity. Can we justify the incnigsed expendi ture’
- ) . for shops and 1aboratories to support two separate-programs that in-
}\\ - reality have such a common denonimator? It is the author's beljef that
> ﬂ.:two separate programs can be Justified if the facllit**-‘are established
wf\ﬁ"joint usage of function for both forms of education ond the faculty
. utilize these facilities within the philo€ophies of each particular
discipline. To effectively accomplish this goal would call for closc
adherence to the.c0nstruct prov%dedion.page 22 or the development of TN
a oiffercnt construct which delineates the differences. DAVID F.
.t ~

LINOWES, in his book, Strategies for Survival, provides a plan for

. | | D |
. - 36 .




| 31
non-pmﬁt entities such as educational 1nsfitut1’_ons to successfully
‘perform their functions by use of Socto-Economic Management. Theg)
strategies are 'knmn in- the world of business angi can be trenslated.
monitored, and ‘eve‘!luated in non-profit institutions.. He states:
What wé ciesperately heed are wei,ys and meahs of improving -

social earnings (fulfilling h needs) along with traditignal
corporate ‘earnings. Part df thei solution Tigs with technology

\the very phenomenon that has con ribqted to-so many problems. 112) :

In conclusion, tﬁen, we must\look to human fulfillment as well

. as econamics to justify any program of shop and laboratory uti]ization.

Some have supported the concept ‘that the problem would be more man- . |

ageable if there were a dual track avaﬂable in our current programs
' S

of Engtneering Education. - g o ..

ENGINEERING EDUCATIOM

Math

. .There are, 'of coursé. many advan!:ages to such a _structure,
managen;enf of people and material resources befng the greatest. How-
ever, the problem of maintai,ninglidentipy’ increases. Whatever the
final /structure becomes, ‘H: must reduce cost if this nation is to

- compete in world markets. ' J

| Q | 4, What commonalities exist between these aif?’emnt forms
of technological education?

A 4. The commonalities between these varfous forms of

~
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technological education are found in the utilization of industrial
hardware. It is. the ﬁhrposé.fo‘which~this hardware is directed. The
hypothetical construct described on page 26 is based upon the several'
steps in the ﬁcientific method., Each area of employment specializes
in some basic function. The educatgd man recognizes that there is
dignity in a}l labor and that an equality should exist betweén these

different coordinated activities that translate theory into practice.

The value ‘has traditionally fo]]owed‘cost of pyeparing oneself for a

specific occupation. Currently'there has been-greatef development and
more growth requiréments on the operational side of the spectrum, This
statement does not imply that extensive change has not also been
required of the Engineer and the Scientist. The construct oq‘page i7
shows that ?here.are a number of areas of professienal education
covered in the upper division. This change is also easily seen in the
éntry wageg earned by the gréduate'with the B..S. Degree. |

Q 5. lWhat is the current:;tatus of Engineering Technology?

A 5. At presené it is in limbo. Indﬁstny has not yet sub-
scribed. fully to the terminology that has been created, Educational

institutions have a real challenge in gaining acceptability for this

~concept. On the other hand, Industry is more than willing to hire the

man who can meet the spéhific needs of the industry. Industry readily
creates job titles for their specific needs and in all probability uﬁ]l
never agree with the éoncepté of the educational\hsti tution.

‘ Traditional majors in engineering cast a jaundiced eye upon' .

this new upstart. Technology has filled the gap as EQQi;eering has

moved to the scientific end of the Engineering Spectrum. As require-

ments decrease for the pseudo-scientific engineer, major engineering
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departments will once again enter into engineering activities now
which ére;wﬁthin the Technology spectrum, )

Q‘ 6. What significant trends are under way?
p A. 6. In the areaéof shop and laboratory instruction in tech-
nical education the most significant trend has been, is, and may con-

tinue to be, the ;emoval of laboratory instruction %or engineers in
o fgvor of more lecture. It is the author's considered opinion that
this trend will be cut short, for Engineering can 111 afford to cut
itself off from the development of new knowledge. ‘ '
Other trends include thé earning of advanced degrees in all
flers of endeavor, the need for more expertise in or1gina1 research, {
need for larger class sizes based upon economic factors, need for .
reﬁlacement of bulky equipment gith ite;s designed specifically for
instructional use, need for versatility in laboratories devised for
multiple use, need for students to get a fix on research as a process,
need for more paople to experiment, and abbve a11’else, a need for
evaluation of Technoiogy as a total system of learning.
Q 7. \hat need does Engineering Technology fulfill?

A 7. There is, and will contirue to be, a real need for
theoretical gngineérs who will operate close to the science spectrum,
However, Epeng is a greater need.far-qualified people who can accom-

- pIiSh a given piece of work that contributes to a- greater whole,
| Specialists are in demand and they do not need to have in hand, the
more rigorous backgronnd:gf~ehe\§ggiggg;. It is impprtant to note
rgiw that many technologists, in time, gravitate th the engineering level
oo by taE;ng additional work or individual study. There is no final rele-

gation for the human spirit knows no bounds. Individual motivation

39 . -

| e



. 34
\ ' . . t
5 appears to be the key to further development. . ‘ '

. Thé question that goes unanswered is, “Ate we creating an
engineering group of less ability, or are we only optimizing the
concept of specialization a stép further?" It is the author's belief
that as advanced societies move forward there is always a need for
more advanced spécialization.

Q*'8. What appears to-be the major constraifts or Timitations

of shop Qn 1aborét0ry reqdirements in Engineering Téchnology?
o A '8; The major nstratnt 4s the prﬁiision of more appropri-
;;; instructiaﬁ in terms ‘f behavior change when equipment end main-
. | tenance costs are.so hig . Even the weaithy-institug;ons not faced /
| " with the constraint of cost and time,must deal with the instruction of
‘technical maiéfiai on the bésig of ajailable instructional-time,
'5g i Avaifable time.appeérs to ke the aor c:iferion for present ﬁuygments

on utilization ef lahoratozies.

. Another constraint for all forms of technical education is °

2 & .

keeping-ébreast of change, The industrfal functions'are not always
clearly seen from the academic end'of"the spectruﬁ. The true signi-

. ficance of things depends upon seeing the total rel&tionships of the:

L4

tvio,

7~ y
. . - It is, of course, impossible for the-laboratory form of

‘inszrucg%on to keeplpace w{thlipdustrial development in its many varied
forms. An in depth aﬁalysis nedds to be made to determine how éduca-
v tional laboratories should be struétured dnd.to determine the methods
. ‘;(\‘ by whiph'thé educational process can- be optimized, so that a gquide
(Jqf(‘ " might be developed for technical education. Industry also stands in

T

L need of guidelines for its man} research facilities in light of the .

19 i




many different fﬁnctioﬁe perfh(med.
) Q. 9. What are some possible courses of action open to
. "Engineering Technology?

A 9. Tp‘obviate the need for extensive facilities educa-
tional 1ns£itutions can implefhent internship programs, Co-0p pragrams,
industrial visits, work study programs and gther on-the-job | I
possibilities to supplement the educational 1nstitut1np s facilities,

‘Some stress can be taken away from overused facil1t1es by requiring
A'laboratery reports and other written eieﬁcises. The computer, if
available, can be d;ed for simulated programs in lieu of laboratory
experimentatfon. Pedagogical reports basee upoe the status of know-
ledge stored in our libraries can fill certain needs. This last
approach aids t@e siudent in seeing how others haQe scoped their
projects, . X
Future careers are frequently based upon expérimental pfojects
. undertaken. Most educational courses ;o not offer an opportunity for

. analysis and an opportunity to synthesize the pieceé into a consistent

whole in terms of thought and action. There is no other form of

education that an grovxde the exact functions performed in laboratory

education, The need for ‘personal engineering projects is valid and
should 'not be drawn and quartered by economiceily conscioue adminis- .
.trators, - If constraints are placed upen'laboratory'ufi]izatinn,
'eaportuniéies for creativity are limited. |

Institutions can be made effecffve only if™we devise new
.approaches and establish syétems of centinuous evaluation.

Q 10. -What is the educational progess that'shapes the

] . , i ,
development of shops and taboratories in teqhnofahical education?

~

S | 'y
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A 10, Research, development, #hd experimentation should

help‘shape the educational environment, In the past, industrial

surveys‘of need and families of occupational clusters have assisted
some forms of technological education in the development of‘appropriate
facilities. ThNs apbroach to .curriculum has a rather weak base in |
light“of all the opportunities these forms of education offer.

Programs should have quelity. scope, and depth. ?rogramé
should supply educated people for the mounting demands ,in the world -
of work. In doing this, economic and soc1a1 dislocations shou]d be

kept to a minimum. GRANT VENN in Man,gEducation,}and work makes the" b

fellowing statement. . o | - li

To understand the problem more fully, we must look behind’
these symptoms and examine the new technology and the nature’
of the changes it has wrought in the relationship between man,
his educatfon, and his work. (13) ,

The most obvious means and manner ofggjving>shape tq_onr shops

and laboratories is to determine the behavfzr chagges we hope to elfcit.

- experience in technological education? :

‘Objectives and curricula are then established to provide these changes.

qQ 11. Hhat constitutes a meaningful shop or laboratory

&

A 11, As stated above in answer to questfon 10, a meaningful
laboratory experience is based upon $ecuring a behavior change in the

¢

student thet'1s appropriate to the objective of the 1e$son, course, or
pnogram of studies that wduld not have been obtained in regular formal
clase instruction. To be truly of value it must be useful to the stu-
dent or must prepare him for future occupational tasks.

Q 12. Uhat are some of the various roles the student plays

in laboratory work?

YA ¥
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A 12. The chief rﬁ&e of the student is that of being a
Tearner. Hoﬁever, he is also a transmitter of knowledge, in that
| ;tudents. learn from each other. Many times a fellow student can
. appreciate a problem by virtue of his own exposure to the probl%m,
. whereas an instruétgr may be removed from the problem by virtue of
his age. - , ‘ -

It is expected éhat the student will -also develop a role
with regard. to his occupationai p]an§, .The functions of enginee¢ing

can be viewed in terms of role. Some of the functions are as

follows:
1. Resegrch
2, Development
3. Design ‘
4, Productton - Construction : y
5. Operation - Maintenance :
6. Sales - Applicatiop
7. Industrial Systems .
8. Management

Q 13. What roles are typical of the instructor of technolog-
ical laboratories? ' " ’

' A 13, First and foremost he should be an eaucator. He
should also be a model worthy of emujation in his own area of special-
ization. The educator usually follows the role to which he has been
.exposed inrhis own educational deVeIopment.a The outcome may be
either.goodlér bad.

A’sub-role of g;;:zhucator is to transmit the-known culture,
i.e,, the state of the art, féchnolqg}, or science, An additional sub-
role is'that of improving upon the culture by creating an atmosphere |

of intellectual curiosity and reseanch, The laboratory is a patural

nlace to crcate Tlifelong behavior changes for the student. It is

“ -
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the only place where the student can learn about the va1ue of the
laboratory as an 1nd1spensab1e tool. .

Q 14. How does the Engineering Technology laboratory d1ffer
from other forms of technological laboratories?

A ‘14, Engineering Technology laboratories should be mone‘
comprehensive in terms of fecilit1es as Engineering Tecnnologfsts are -
responsible foria systematic approach to goal accomplishment. Engi-
neering facilities provide a measure of reality by which the engineering
student fs exposed to the developing process of problem solving. The -
engineer, needs laboratony experience capatile of givingjbreagth. for his
skills in analysis and synthesis need to be developed within a wide
range of activifies. Traditionally, engineering schools have sought
to provide this experience within the specific areas of sbecializatiqn,
i.e., Aero, Civil, Chemical, Industrial, Elecfficaii and Mechanical
Engineering.. . '

Engineering 1aboratories are also sini1ar to Technology lab-

onatoyies in terms of purpose‘ F MORRIS reports the fb]lowing use of
Engineering‘]abonatories:

The laboratory, then, is a place to work, to think, to g
explore, to experiment, and to exercise ingenuity and
resourcefu]ness to make things perform in a des1red manner,

It is knowledge in action vhich, in turn, results in more
knowledge.

" In engineering education, laboratory experiments are a
fundamental part of the learning process. The knowledge of
theory that is gained in lecture is understood better and
retained longer when it is used in practical. appllcatwons.
If knowledge 1s not used, it is often devoid of meaning, is
vdgue and transitory. Theory -and practice are so closely

related that they should be treated as parts of the same
ing; therefore, if the students are to get the maximum

benefit from a coursd), lecture and. laboratnry work should
be more closely coordinated. (14) -

11 -
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A great deal of difference should exist in the equibment
Qrovided for engineering education and engineering technology educa-
tion, Models and synthetic devices can serve the engineer admirab]y
as ths;emphasis is upon understandihg the principles rather‘than; 1)
upon knowing Specifjc pieces of gear, Engineering Technolaogy démands‘
a firsthand acquaintahce with the specific types. of equipment that
the téEhnologist must corre]ate,fnto a conceptua]fzed system, He
also does not need to be intimately concerned with the specifics of
equipment qperation, buf ratﬁer. he needs to know vhat can be accom-
plished on a specific piecé of equipment, i.e., purpose, limitations,
quality and quanfity of work to be expected under various conditions.
The techniciaﬁ is expected to be experienced in'setting machines up
to sechne the desired results, i.e., speeds, feeds, %Bpfacé fiﬁish.
éoncentricity, tq]erance, etc. Conceptuallyr the ope4étor needs to
Know thé art of m&king a specific machine.perform in Fg:optimal
manner. In reality many operatorsraré but an extension of the deyicef
or machine, Operators rely upon the specialist for much of the /'
information required in achieving optimality. On the opposite end
of the spectrum. the scienti;t needs to know only how a certain thing
can be done to cludge together gear to test his ideas.

Before leaving this topic, attention should be directed to
the faculty that will use the facilities and equipment associated |
with each of theée various technological programs. In some cases a
- man can be totally conversant in all aspects of a machine; its uge,
‘and required physical sk111§. In general, this is not the case

because of the complexity of the machine industry. It is a large
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and diversified field that is growing rapidly so that it is ho
longer possible for one man to be speoialized in all aspects.
Faculty use of laboratory equipment must be based upon obJective
.VlSlbl]ity for the specific program being taught, This must be
translated’jnto a specific prooram which elicits,tne desired behavior
change in the student in:keeping with the desired objectives.

~Q 15, What other forms of experience can be substituted
for laboratory instruction’ . |

A 15, This question is related to the answer given to
question 9, page 35. All forms of experienee at the actual job site
provide a form of substitute experience. In addition. the concepts
used in the presentation of audio-visual material are valid, Models,
‘ mock-ups, charts, graphs, slides and film can be utilized.
The more pertinént question is how effective are each of these
" various forms as they can be found on a scale of effectiveness7
ObViously, the specific conditions surrounding the experience deterJ
mine the possibilities. ‘ |

. As indicated, Industry represents the real world and it is

there that we can find, all the facilities and equipment that provide
the vehicle for the proposed laboratory work, llo two companies are
identical and each is organized to serve sonie speCific function.
While it is true tbat they employ similar methods, tne/ are not
necessarily equal in terms of opportunities for learning.

Man has taken only the first stenp with reference to providinq
optimal.educational exgerience. Tbe author doubts that a laboratory

exists anywshere that could not be imoroved upon if amhle time and

money viere made available,
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Q 1e. Hhataébtions exist for maximum laboratory utilization?
A 16, Haximqp laboratarj utilizatfon .can be accomplished in
many different‘ways. It should not be defined in terms of students
in the facility during available hours. .
T;; quality of maximum ut%lization should be based uppn'
optimal behavior changgs.*’ﬁILLIAM ﬁ.'NICKENDEN statés:

A

| Four things an engineer must have: a mastery of apﬁliéd
science,.an instinct for economy of effort and of cost, the
~ pover to visualize ideas by.imadination, and the power to
express ideas clearly in speech, or writing, or drawings to
e_other men.  (15) ‘
Laboratory experience must assist fnnsecuring these types of
’behavior change. The qua]%tx éf maximum utilization should be based
upon optimal behavior changes. Such a criterion for judging effec- ¢
tiveness would call for a éomplete'restructuriﬁg of faciiities. At
present, laboratory facilities afm at simulatioﬁ of'industry. Though
this will remain as a key element in all technological iqstructfon it
should be re1egafed to-a position below that of meeting educational
objett%ves. Optima) behavior change must be secured. ,}
| Attempting to replicéte industry in even a modifie&fform is an
\ e§pensive proce§s which can never be achieved because of costs and
the Eapid rate of change which takes p13ce in all spheres of industri-
al activity. However, if the several various forms of technological
. education’viere to utilize the same facilities, tfe cost offlébora-.
tories could-be markedly reduced. This is true only up to the point
of maximum student use. At this point additional facilities would
/’f"ﬁ?ed to be secured and greater'specialization allowed to occur.
| What is of concern here is the need for a new conceptual

*

process which could structure comprehensive laboratories that meet a
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vériety of needs and serve to elicit'spefific behavior chaﬁges. Such
a program woul& be concerned with b]oéks of learning experience
rather than just blacks of tipe. ‘Learninq éxperiences directed to
specific ends should be the rule. Today learning is an acgident:>
- proce;s vhich, by neEessity. must bé structured by the learner, . Too
often educators are satisfied if. they know that someﬁleahning experi-
ence is taking place, The fufbre will démand thdat we Rnow how to |
e]icfzfthe exact léaining hehavior required. Mations rise and fall
based upon their ability to develop the educational expertise needed
in an optimum manner. K | “
| Q 17.. How may faboratory experience§ be evaluated againsf
the more traditioral éigid criteria for laboratory rghuirements?
| A 17. MARVIN J, CETRON ahd otﬁérs'in the text, Technical

- Resource Haﬁgggment Quantitative Methods point out a vital fact con-
cerning éva]uatioh: | | .
Taking this discussion back to Technology, it was stated
4 ‘ earlier that the assessment of Technology depends on who does
) the assessing, why the asspssment was undertaken, and on the
" nature of Technology itself. (16) _
Obviously, what is needed is. a criterion that negates Cetron's
statement. It is'the author's opimion that evafuaﬁion should be based
‘s upon predictors which indfcaée that the behavior change has taken
place in the student. The student's échievements are ?requent]y |
tested by formal test qu;stions or by giving performance tests.
The purpose of’shops and laboraQPries in- the field of edu-
cation is to assist the student ip the development of knowledge,

understanding, judgment, and skill. It invelves both thought and

action processes. The general method is best described as the use
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of the scientific method,

It is believed that one major task of all research under-
taken is to direct attention and .observation to new findinas
~ " which appear to be the present boundaries of completeness.
' New direction begins with the new development of intellectual’
speculation based upon intuitive insight, The search is
not for ideas as they never ‘seem to modify practice. The
real search is instead for new theories or explanations vhich
will dictate new operational procedures. The researchar be-
lieves that the new era of education will focus upon teaching N
people how to think, not what to thi?k. (17) i

How réﬁ;eshing it would be td:h7@e a new criterion of actua;"
educational develdbment. How could we'evaluate the process? If
adequatetinputs or proﬁisions are maQe for the learning process, then
specific outputs will be produced. These.outputs have been described
in this paper in terms of.behavior cA;;;e. A general classification

of types of behavior are as follows: ,

The following hierarch rr c]assificatién explains
the researcher's ideas refative to behavior,

1. Abilities--inherited capacities capable of perfor-
mance, . :

- - . 2, Interests--ths phenomena of mind which attracts or
repels the individual during the process of '
independent investigation,

/
3. Attitudes--indicate the disposition-she individual
. has made between his potential energy and his
contact with specific factors of reality. It is
indicative of inconclusive evidence being gathered
or choice without understanding.

[ 3
4. Knowledge-~cognition of basic truth by utilization
of the direct intrusion into the mind of something
foreign to it, yet related to the sum of ideas whose
values have been established and stored in the memory-
of the individual.

-5, " Appreciation--is the accurate recognition of truth
. ' that comes through full realization of knaaledge .
X " and-tnderstanding as contrasted with attitudes
. based on inconclusive information,

6. Habits--are repetitive acts which are tailored to
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the physical and mental patterns developed through
adaption to the forces operating in the environment,
It is one basis for action.

7. Skill--is contingent upon the development of precise
thought and/or actionwith respect to time, and it is
only fully developed when thought and action processey,
are closely interrelated, It is also defined as the
ability to repeat the same action the same way more than
50 percent of the time, (18) :

>

- Obviously an experience for the student may terminate at any
point upon the scale. In general, he may follow the sequential order
to any particular poinE'Bn the scale. It'is difficult to conceive of
a&&one learning anything without utilizing his capacity and interest,
to initiate the process. In a similar vein, it is. difficult to J
conceive of anyone having.developed habits and skills without under-

standing. The point to be‘gade is that though' and action processes

are telated. Psychologists have found that action processes tend to.r

_ reinforce knowledge obtained, -

- HEWMANH A, HALL Ed., Britannica Review of Deve]onments in

Engineering Education, reaffirms the prnilgys stgtement made about
the value of laboratory instruction: ' . /

* The Taboratory provides the essential contact in engi-
neering design and development with .reality. As such, its
role in the education of the engineer is intrinsic and

- Sundarental. The engineer who presumes to reject the
experimental test inevitably turns his back on reliability
and workability. Such an attitude, which could be estab-
lished by an inadequate education can, in the long run, serve
to discredit engineering accamplishment, (19)

JUil D.‘KEMPER in his book, The Engineer and His Profession,
further elaborates upon the advantages of Taboratory work. In his

\:ﬁscussion of the Preliminary Goals Report by the ASEE he states:

. The report strongly urqged lahorataory exnériences because
of tne "feeling" for the actual physical situation I:ﬁgra-
toriaes can provide; and because, by permitting evalu@@ion of

! '
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the performance of designs, such experiences may lead to
the discovery of results not anticipated by theory. (20)

Plainly, any program of evaluation brings to bear the struc-
ture, function, and'methods utilized.” Inputs vs.outputs and the
achieved outcome of the program are critical factors. Achieved out-
comes must be equated to exposure time for required befiavior change
and expenditures for facilities, equipment, materials, records, and
faculty. In addition evaluation should account for total success &r
failure, relevance of curriculum, faculty effectiveness, facility and
equipment utiliiétlon student morale and acceptance, and the ful-
fillment of societal need. M

If progress can be equated in terms of behayior changes then
progress toward all higher goals will occur, | | . .

Q 18. What controls appear to be necessary to guide the
development of Engineering Technology laboratories? ,

i A 18. Perhaps téglmajor control for the development of
éngtneering Technology laboratories is the same as the negd for the |

development of Engineering Technology ekills. HOGH FOLK in his

treatise, The Shortage of Scientists and EnqineErs,‘statés the fol-
lowing:
Engineering demand is demand for certain technical skills
rather than demand for certain technical people. These
skills are usually highly specialized and are quite unstan-
d zed, ---Engineers are employed because of what they can
or what they can learn. (21)
It is not difficult to translate this same idea to all the
various fields of technological education, for each requires a similar
but different set of technical skills. The first‘control, then, is

need for the product being.turned out.
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A second cdﬁZ:;l of major importance is the diyision\oi time
alotted fer each behavior change to be elicited. The effectiveness
of laboratory instrnction‘vs. traditional thegbry by lecture must be
recognized, A third control is funding. This control is not valid.

r

if appropriate gxperience 1§fnot taking piace because of 1nadequate

funding, Costs gre valid only nhen adequate funding is provided In

the American Management Associatiwn Report gptimum Use of Engineering '

46

Talent, the following is stated: | :

The problem of selecting facilities therefore resolves
itself into achieving a balance between the desire of the
engineering department for maximum facilities and the desire
of the profit-center manager for zero investment in engineering
assets, Adequate procedures and controls over the selection
and acquisition of facilities are necessary to satisfy bath
desires. (22)

Engineering Technoiogy personnel make even. greater use of the
equipment than the Engineering graup, Technology gregtly desires a
wide coverage of machine .types plus machines with greater’ Specialize—
tion.nghe control that appears to ne most'eppropriate in the devel-
opment of Engineering Technnlogy‘laboratories could be_cai]ed'
edudntionaiﬂjusfific§tion. Just as industry uses economic Justifi-,
cation for the purchase of new equipment, the faculty sh8uld be able ’
to show the extent to which a new piece of gear will be used for
instruction and the specific behavior changes expected based upon
student use.

Q 19. WHhat effect'do employment opportunitieenhave with
respect to shop and laboratory experience in Engineering Technology?

A 19, Employment opportunities with respect to shop and

laboratory experience are first related to the size of the company and

the number of technological people employed. The Mational Science

Do

~
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[

Fcuqdati&n in its report, Science and Engineering in American History,

provides the following data in 1954:

Company Size 8 - .
by Total Employment MNumber of Engineers Percentage
v . 8 - 9 - 37,600 . © 9.2
100 - 499 - 50,500 - 12,4
500 - 999 21,400 . - 5,2
1,000 - 4,999 66,300 16.2
5,000 or more 232,900 57.0 - :
Total 408,700 100 % ) .
: ‘. (23)

] Obviously, employment opportunities are greater in companies -
4 employing 5,000 or ﬁoﬁe'employees. One could-also assume that these
larger companies support more extensive shops and laboratories. One
might aiso sbeculate that larger compaﬁieé’bro#ide a greater division
of labor and thus require greater speciglization. If the aboVeL\9
‘rationale is correct, then educational shops and laboratories have a

£ 4
need for more extensive equipment which would aid in specialization,

" LEE DAYIELSONl in his book, Characteristics of Engineers and

Scientists, makes the following statement:

» Engineering schools don't provide the background that is
necessary for a man to do a job in industry. An engineer
must know how to use the facilities around him. He must
understand the shop and: the -processes used to get things
done. for instance, a university graduate mdy start using
a lot of formulas and complicated calculations. e don't .
have to go through all that procedure bacause,we have exper-
ience. He may tgke all day to calculate the motor require-
ments for a mach but we know them from exparience, A |
university should give a student vork experience in agdition
to theoretical training. (24) : : -

GEORGE C. BEAKLEY AND H, U, LEACH in their teit, Careers in

Engineering, point out anothér important fact about technolagiéal

enployment:
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It should be realized, however, that the completidn of
a college course is not the end of study for an engineer.

“The pace of discovery is so rapid today that, even with.
constant study, the engineer barely can keep abieast of
technological improvements. If the engineering graduate
should resclve not to continue his technical study, he
would be far behind in technology within five years and
probably would be completely out af.step in ten years. (25).

% ) ? .

Ho one knows for sure what the future holds; however, one can
state with accuracy that, the future wil] conténué to reduire ever
gréater.needs for technological capability, i.e., the application of
math and science to the Jptimum conversion of natural res?ggzés to
. ~"benefit man. "Just as assuredly one can state that employment oppor-
tunities with respect to shop and.laboratory work thI continue te

P A b - .

B increase-and become an even greater aspe;t‘of technological education.

. RALPH J, SMITH 1in his book, Engineering As A Career, eﬁphasizes’the '
value of the laboratory: ' |

Laboratories provide training which can not be gained
‘otherwise. In addition to $poken or written words which are
abstract symbols of real things$ experimental work provides
information gained through the senses of sight, smell, touch,
taste, and hearing.---~The purpose of laboratory work is not
just to illustrate the theory of the text and lecture.

. Rather it should serve to emphasize-the distinction between :
theory and practice. It should develop skill in the éxperi-
mental method which forms the basis for the development of all”
science, It should provide practice in observing, recording,
and reducing data and drawing conclusions therefrom, It
shoutd lead to an appreciation of the limits of precision of
scientific measurement. It should in the case of engineering,.
provide an understanding of the practical problems of starting,
controlling, and operating engineering equipment. (26)

Q 20. How can the analysis and determinatio made in this

. ¥
study serve Enqgineering Technology?

A 20. This study serves primarily in four areas. First, it~
‘directs the reader to a wide array of informative facts. Second, it’

indicates curEgnt trends‘and-possibilities for the future, Third, it

-~
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emphasizes the most essential findings. Fourth, it provides the
author with an opportunity to set foréh his own insights as a ~;:‘

conclusion to this study. In brief, ﬁhe-essential concepts touched
upon are as follows: | |
(1) Emphasizes shop.and laBoratory activities as an indis-l
pensablé part of all technologi¢a1 edu;atioﬁ. | |
(2) Provfdes a profile of chafacteristics related tb shop
and laboratory work. ‘ ‘ N
(3) Shows that shop and lﬁborétory work are aﬁ indispensable
tdo] to be‘déveToped by technological personnel, .
- (4) Emphasizes that more tirie should be devoted to experi-
mehta] worﬁtin shops and laboratorﬁgs.
| (5 Points up need for in-depth study of methods to develop
competencies in shop and laboratory.” : i '
| (é) Touches gpoﬁ'need for/; totally integrated system of
technological education. .
r | 17)' Emphasizes the revol&tfonary advanée in science and
technology. ., . S f '
(8) Providas scmEUEE__+;?ca1;packground to show why techno-
logical educatidn_i§ dynamic :iﬁ\;ﬁat further change will occur.. \
| (9) Gives an ovaﬁview of technical scientific educ;tion in
the pub1{c schools. | | .

(17) ldentifies t®pes of shops and laboratories; their

function, basic organiéationa1 concent, essential method of problem

selving, and typés of equ:nm;ﬁt.
(11) Providas c¢o uct of technical scientific employment,

overlapping operatisns and joint respoasibilities.

T N
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(12) Places emphésis upon scientific method as the key to .
apg!ied science. | t
T (13) Provides a Took into the future in terms of new types
of laboratories that will eventually emérge. |
I (14) Points oygfthe fallacy of the current trend to elimi-
“  nate laboratory work in Engineering.Educafion.
. (15) Shows indication of some Timiting factors.
(16) . Cites need for new approaches,
(17) Places emphasis upon behavior change as the key to
« development of lahorafgfy faéilities. |
~ (18) Lists functional roles of technological work .the stu-
dent experiences. \
(19) Indicates that the instructor's role is to creéte

behavior changes.

»
<

(20) Identifies Engineering Technology laboratonieg by a
systematic approach to goal a;comp]ishment. N \

(21) Provides a 1ist of alternate activities currentiyﬂused
in lieu of laboratory experience, { - ‘

(22) Indicates prograﬁ development should be based on |
blocks of learning experience, rather than upon blocks of time,

(23) Places emphasis upon how to think, not what to think, .
as a basis for educational develooment, ~

(24) Indicates classical types of hehavfor cha;ges.

(?5) E]qho;ates upon proﬁlems of evaluat{on.

(26) Introduces some control factors.

(27) Points out employment opportunities.

S0 »
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CONCLUSIONS N

. ) .
The national welfare of this nation can be assured only if

appropriate technological cafpetencies are developed within our
,society in sufficient nmbe;s to assure a posture 3% world leader—
ship in the field of applied science. The ajppx.‘opriate competencies
can be obtained within the structure of the Federal Goverment
Industnr{ and our Iudmatlonal Institutions.

Public educatlonal institutions can improve their ‘éfficie.ncy _
if they begin to utilize same of the teckmlques enployed by the
federal govenmt in its many dlffexent mstltutmns Traditionally,
.the government develops caxpetencies m a short period of time. Only

) large industry can expend funds to achieve the same ends as the fed-
eral government. Industry must produce in an optimum manner. If
this is not. done in a capitalistic system, ccmpaniés and corporations

~ cease to exist. Some few companies are willing to, share their

- stockholder's profigts by éett_ing up programs for students who winl
nc>£ become members of the org‘anizati'm.' Some modest programs are
offered to attract talent that is dbout to be topped out. Usually

y these programs are in lieu of‘expens.iv;e recruitment, esPecial’ly if
the campany is one which must have a continuing supply of expertise
and knowledge to remiin <conpetitive. Too frequo.nt,ly programs of
training in J.xnustry de_te.rlorate to programs of inexpensive 1abor
s'Lply with the ¢ tudent porfom.mq tasks 1eaJm<; to corporate ends
rather tnan optimal educational dcvelopnmt. For the foresecable: "
future most of the tq;hnolor;ical_ expertise will have to be developxd
within owr oducational institut ion's. ,

o)[
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»
Educational institutions are frequently restn.ct:cﬂ by v.u:ttfxe

" of th<_ fundirng progess. zﬁge question that nust pe a?&dared , "What
‘shculd the balance he between developmg an optimal educatmnal
. envirujmentaxﬂkeeping expenditures /at a minimu® . The author of
tlus paper feelstlntabalancecanbenﬂiebasedmlyupanthe C
cntenon of acmevmg appxnprlate behavior cnanges in an optimum
lmanner thavmrchamescanbetestedandperfonnalnetestsused
L as poss:.ble checks.

Exposure time required to develop the mq\nred behavior can
be measured in terms of time and num\pplle;i to secure facilities,
equipment, materials, .s;}stats of record keeping, and adequatepersm—
nel. Indust;nal methods of costing can be applled to obta.m exact
educatienal cost for specific functions and fac.LlJ.tJ.es. Only when
we can equate educational costs against learning outcomes will it he

‘ msslble to optmuze our system of education. .
Laboratories must be evaluated upon their contribution to
seiqlring specific behavior changes. As this paper has:. indicated,
scmp behaviér changes can be learr;ed only in 'the'laboratory. Some
behavior chax{;s can be achieved within a variety of settings and
in cambination with other forms of instruction. Wwhat 18 sorely
needed is an‘ in-depth investigation of what curricula and mathods
‘ ~~ achieve tha2 desiféd behavioy changes in the most optimum manner.
r/" : There arce many forms of technological education offered in .
the United States. Each develops and operates its own program and
not enough attention is dlrocted to pro\nqu continuity for the

student, Establishing such a system would conserve time and

sy
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‘ money and at the same time look to the social issues of job
satisfaction. |
Within academic instituti.o;ls laboiratow altematives arc
dispersed upc)nd spéct.rmn with maximum laboratory utilization at one
m{d, and no laboratory utilization at the other end. It.will always B
be t.rue that theory can be given at minimal cost whereas laboratory
utilization is more costly.. Can we afford arbitréry decisions? Can
vie afford ﬁat to subjec:t various programs, pl;“ms, and concepts to-
the:’ research method? Now is thc time to determine optlmal ways~of
securing required behavior chanqes.
. o The best way to socure :mte_rest: in this ficld of endeavor
appears ta center around visibility of purpose. E‘or this reason,
this study will be concluded by a listing of advantages of laboratory
ins_trufcti;m. The -advantages in some cases appear to };ave similar
elasments; pethaps the variqu;; contributors hzxf a si,milar‘ idea in

mind. The purposes and advantages of labordtory instruction follow

in an unranked list. | . : -
Shgps and Laboratories: s - d K(
‘“ s L] ‘ ’

1. Aare tho scenes of new discoveries.

, 2. Stim.‘ﬂate fm:t'n?r developments in te::}ml(xﬁ.
3. Inprove operations of theéaretical éngincers.
4. Serve to d velor) an instinct for eoonany .

5. Provide a masm:e of reality.
. 6. Provide opportunity to make fult utitization

of th: scientific method. —

7. Pelate theory to practice.

SN | '




8. Provide specialized experiences.

9. Froquently suggest new studies.
- 10. Are in themselves a problem solving process.

L}
- [ ]
’

1l. Provide opportunities for education i_n.hunan felations.
12. Ha;ve thera.pl;tic value in that they provide for a °
| release of tension.
13. AJ.low for the testing of theories.
14. Provide a measure of caree;r guidance.
©15. | Relate tl{bught' and act.mn processes.

16. Are dynamic methods of learnmg

17. Can assist in developi pecialization.

18. Develop the visualization process.

19. Are, as an educational péocess, frequently easier than
theoretical analyses. |

20. With extcnsive use of models, eliminate worry about all
considerétions of factors taken into account.

21. Provide presemployrent experiences.

22. Provide for the dewelopment of new interest.

23. Serve as aids to instruction. .

24. cvelop practicing engineers.

25. Utili'ze rrental c:ap.edailities of absorption, retention,
reasonirnyy, ard creativity.

26. Provide spocialized expericnces.

27. Can be used in the preparation of training aids.

28. Provide for dynamic processes of develounont from a

general oducation base.

-
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29.
30.
31.
32.

33.

34.
35.

36.

' processes, by moving from e,xpenem%m the learning

37.
38.
39.

40.

4‘]!
48. ,

19.

&

Can provide certain types of behavior change more readily.
Can be designed to instidl technological competency.

Are used in.teadﬁng basic instrumentation. |

Teach the technique of analysis of experimental data.
Provide opportunities-for practice in technical
cxmnmicatibf A

Develop attitudes of research

Teach the arganization of texts.

Provide for both vicarious and directed educational -

and mwoving from the learning to experience.

Meot the needs and interests bf students. B

Are .valuiaﬁle in the mtroductmn of concepts.
Provide the gpportunity to work with real eqmpmsmt
Provide for the development of models to subsume
information. | s
Provide \some opportmities for supervision and manage-
ment through groyp projects. o .
Teach people to experiment. ’

:’favide continual reinforcement in the leaming process.
Eelp the student make future value judgments.

Provide an esséntial tool for intelligent. research.
Provide opportunities to learn basic skills. .
Provide opportunities to establish contml. procodures.
Are valuable in the process of discovery learning.

L ]

Add interest and challenge for youth.

b1



52.

53.
54.
55.

'56.
57.
58.

59,

62. .

63.
64.
65.

66.

67.
68.
69.

70.

tedmélégica.l education.

‘Provide exporience in the evaluation of expericontal data.

56
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Provide explanations of the less obvious aspects of

[}

Allow for integration of concepts.

Simulate systems by devices to provide the basic action ‘_&/

N

of systems.

‘¥

Provide the individualized experiences.
Are tools for expression in drawing. .o

Serve to supplement and strengthen subject matter.

Give purpose to the teaching of theory.

Provide practice in writing engineering reports.

Awaken scie:.ntific curios}ty.

Can serve és a basis for the cultivation of good work
h*.bits.."‘ . f -

Develo;{ techniques- in the use of equlgment ‘

Teach the irportance of scientifie prooedure JfFI\SCIC‘ntlflc

m\festlgatmn. "

¢

Provide for socialized experiences.

Provide experience in real- situations.

Assist in the recognition and formulation o! problems.
Lead to the introduction of many of the materials used
. . . , ' \ -
in the field.

Hovolop conscionsness of valwes and costs.
Dn&lup approeciation for thv process of innovation.
in cnglimoring.

It emphasis upon the human factors

Lovelop a aritical point of vicw. -

: | 62 ' :



71.

72.

73.

74..

75.-

76.

77.
78.

79.

80.

81.

82.

83.

Offer ample opportunities for sclf—de‘\'};alopnent and
improvement. .

Emphasize the concept of reiiability and workability.

_ Help pace rapidly expanding technology.

Move padagogical math back to an exgerimental base.
Develop new knowledge through emniem;atim.

A;llw for computer fac:ili:ties to simulate or extend
pdtentially useful projects in“prablem solving. ’

i

Deve? slu% in construction of laboratory apparatus.

experienced “i engineering practice.

Develop self c;)nfideme.

Peinforce the éci\enti‘fic andengmeé'f:mg princ‘iples
given in lecture courses. P .
Aid in the develc‘)pfcerit of judgment through valuable
experimental investigations.

Provide introduction to related techniques and supplement

classroom instruction.

84.., C# develop proficiency in manual skills.

85.

86,

£

Deselop a framework of mind and the techniques which

‘shoukd enable the graduate to play his proper role in

industry. N
Dwelop habits of careful investigatior.

Yt

¢
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87.

88.

89.

90.

o1.¢

.92 .
93.
94.
95.
96.
97.
98.
99.

100.

Provide a-moment of reality.

—

-
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Assist %tudents in translating various academic 'proqram
requirements to the students' conceived objective of
use and application.-

Provide first hand experience as opposed to information
obtained from printed page. | |

Provide )traiping that cannot be obtained otherwise. L
Serve to emphasize the distinction between theory and

practice.

Provide practice in observing, recording, reducing data,

and drawing conclusions.

]

Allow for the developient of teamwork.

Desrelop inventiveness. .

Put emphasis upon the application of knowledge.

Help provide realistic e)@éctatims _of work in Industry
Stimilate students to develop to their maximum.

Allow for problem solving of a practical nature.

Open the door to adventure . \

Frequently allow for the discovery of results not anti-

cipated. by theory.

It seerms appropriate to conclude this list of advantages

though there are many morce that could be listed. At’“the same time,
N\

)

full recoqnition is given to the similarity of some items. The

laboratory is not limited in scope and is modern in conception. To

. be properly

used it must be dynamic and constantly changing.

61
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The edma@ should ask such questions as:
1. vhat are you going to do?

2. Why are you going to do it?

3.' How are you going to do it?

4. what will it replace?

5. What ideas will it teach?

6. Where will it‘ fit in?

I

® . WHINNEY states:

‘I'heuseoftlnlabarato:yinéducatmmforthe
purpose of giving students active and direct experience
by letting them do the things that they vereadabout-—-.

. Thelaboratoryﬂ\enxsaplacemwoﬁc , toO
L ‘ explore, to rience, and to exercise mgenu:.tyand .
resourcef to make things perform ih a desired ,

manner. Itlshmledgemactlmthat .in turn, results
m more knowledge. (27)
Sémecme once said’that a practi{:ioner of .ap‘pliec'l science,

who does not have an adequa.,e backgmmd in shop and laboratory
work, is akin to a surgeon without practme. It is hoped that each
reader of this article will reappraise the values of shop and
laboratory instruction and personally provide more opportunities _
for his students. As a professional group we must insist upon optimal

educational experiences.

65
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