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Foreword

This document, the Final Report on a national
study of engineering technology education, rep-
resents the culmination of more than two years of
effort by both the Study Staff and the Advisory
Committee, The Report represents the consensus
of the members of the Advisory Committee, How-
ever, since a large committee cannot be expected to
write or edit an extensive report, that responsu-
bility has rested heavily with the staff, primarily
the chairman.

This Finel Report is actually the third major
document issued during the study; both a Prelim-
inary Report and an Interim Report were released
earlier. Since these earlier reports were intended
for revision, hopefully to incorporate factual in-
formation which might not originally have been
available and to reflect the influence upon the Ad-
visory Committee of criticisms received, the views
of those most closely involved in this study were
not presented except as they undoubtedly influ-
enced the body of the reports. In this F'inal Report,
however, it seems appropriate to provide the
reader with some personal views which may aid
him in evaluating the report and in applying it to
his particular area of technology. The staff views
related to development of future action programs
may be of special interest,

Exchange of Information

‘'First, one must be aware that the Preliminary
Report, when it was issued in 1970, drew more
than 200 responses with extensive comments and
analyses that greatly influenced the Interim Re-
port. The Interim Report, on the other hand, drew
only a dozen responses when it was published in
1971. Certainly, some controversial statements had
been revised, but the change in reader attitude
from 1970 to 1971 is believed to be due more te

.exchanges of information through published ar- .

ticles and conferences where technology education

as related to engineering education had been
.. widely discussed. Fortunately, such communica-

tions still continue through ASEE, NSPE, ECPD,

EJC and the technical socicties and are an impor- |

tant mechanism through vshlch this report may
achieve useful action,

‘Specxalized Areas with Umque Problems

‘Other important directions for action are spec-

| jalized studies by the technical engineering so-

cieties and the related divisions of ASEE, The

- criticisms and comments received on the Interim

Report focused largely on the failure of the .re'port

- to treat in detail the relationship of certain engi-

* - relationships with civil engineering and with
chemical engineering appeared likely to present - .

: _neermg technology specializations to the corres- -
- ponding areas of profess‘onal englneermg ‘The -

. troublesome problems. The Chairman has had to
respond that the Adv1soxy Committee and the Re-

. port could not consider in detail the numenrjus
. gpecialties in engineering ‘technology and their

" complex 1nterrelatlonsh1ps w1th engmeermg

Cos
v

Nevertheless, it is. fully realized that no two areas
of engineerin~ technology bear identical corres-
pondences to the engineering fields to which they
primarily relate. Hence special situations require
study and accommodation. To illustrate, we may
consider the two specialized areas with unique
problems which have already been mentioned.

Example of Civil Engineering Technology _

It is clear that civil engineering and civil engi-
neering technology will have different interrela-
tionships than apply in the mechanical, electronic
or chemical fields. The civil engineering profes-
sion has a much larger percentage of government
employment and of self-employment with resulting
influence upon related technologists. These in-
terrelationships in terms of the need for and use
of technologists, their appropriate education, and
the extent. of their responsibilities in typical areas
of civil employment require study. Such action by
appropriate engineering and technological groups
is strongly recommended. From comments re-
ceived, the area of civil engineering technology
appears to require such individualized study more
than some other areas, manufacturing, for ex-
ample. .

Example of Chemical Engineering Technology

A somewhat anomalous situation obtains in the
fields of chemici! engineering and chemical tech-
nology Even two-year programs in chemical en-
gineering technology have drawn only a small re-
sponse from students in terms of enrollments.
Apparently the reason is that large numbers of
chemistry majors with four-year bachelor’s de-
grees are available for employment at each gradu-
‘ation. Some are employed in chemistry research
laboratories as chemical assistants, but others are

available for technologlcal jobs which they learn

to fill by practlcal ‘experience supported by their
education in science. The Engineering Technology
Study could net explore this special situation in
datail, but we recommend that appropriate agen-
‘cies do so and perhaps suggest actions that will
orovide strong technologlcal support for the field

of chemical engmeermg Possnbly this might be -
provided through in-service courses for yvoung -
- chemists who need a greater. insight into techno-

logical operations.

Regional Balance in vProduction of Technologists

' The growth in number of baccalaureate ‘engi-
neering technology curricula and the correspond-

ing applications to ECPD for accreditation of such
- programs indicate ‘clearly that further develop-
~ 'ment of this relatively young field of baccalaureate
_education is to be anticipated. If the situation
- "could be handled logically, it would be desirable
* for each state to evaluate its. probable needs and
' ‘1ts anticipated production of engineering related
i-. technologists, and then take action.to achieve a
Lo ;balance Recent experience with an oversupply of
" engineers -on the West Coast has demonstrated
. that' technical personnel do not move readily across
;", reglonal lines, Hence one can not assume that an
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unbalanced geographical distribution of techmo-
logical students will redistribute itself for max-
imum usefulness through employment nationally.

Action Needed by Community Colleges

There is reason for concern that enthusiasm of
institutions for moving into baccalaureate tech-
nology programs may result in a reduction in the
production of associate degree technicians. Those
institutions that have had the strongest associate
degree programs are, in many cases, logical can-
didates for establishing baccalaureate curricula.
It seems inevitable, therefore, that the major de-
pendence must be placed upon the public commun-
ity colleges for increasing their productivity of
technicians with associate degrees. These institu-
tions need to take seriously their responsibility to
provide curricula, faculties and laboratories that
would meet the accreditation criteria which have
been established for associate degree engineering
technology, even if by regulation some ingtitutions
are prevented from requesting specialized accredi-
tation. Those that cannot fulfill such requirements
should not use the descriptive term “engineering
technology” since more applicable designations are
readily available. Knowledgable members of the
Advisory Committee agreed thata significant frac-
tion of community college technical programs
lacked important resources in terms of either fac-
ulty or facilities.

Probakie Shortage of Engineers and Need for
Technologists

This country has been passing through a period
of slow growth and in some areas restriction of
technological production. All previous experience
would lead to the anticipation that a period of
much enhanced production. lies ahead. Every
period of slightly reduced employment of engi-

neers has been followed almost immediately by
a period of shortage of engineers, Students seem

always to move into an area of education when it

is approaching a balance of supply and demand -

for graduates, For some years the enrollment of
engineering freshmen has been .either constant

- January, 1972

or reducing. The fall enrollment of 1971 moved
sharply downward in many engineering colleges,
especially for freshmen.

Because nearly half of young engineers are com-
pleting a master’s degree before employment, pre-
sent engineering freshmen will enter the employ-
ment market mainly in 1976-77 when the demand
for engineering services seems most likely to be
in a sharp upward trend. The opportunity for en-
gineering technologists, both two- and four-year
graduates, could hardly be more favorably in-
dicated. The important point to make is that edu-
cational institutions, technical societies, accredi-
tation agencies and employers should cooperate in
developing their individual action programs  so
that supply and demand for the tctal range of
technical services related to engineering will be
maintained in reasonable balance. '

Accreditation Actions
- An action taken by the Engineer’s Council for
Professional Development in October 1971 will
carry out the recommendation which appears in
this Report that ECPD apply appropriate special-
ized criteria for accreditation. of baccalaureate
curricula in engineering technology. Another
ECPD action indicated its willingness to accept
assignment of the responsibility for accrediting
Industrial Technology programs by use of appro-
priate specialized criteria that would have to be
developed through those experienced in this area
of technology. Further actions will be needed by
technical societies and other engineering groups
to develop a cor.sensus of the total profession of
engineering that it is vitally interested in aiding
the development of engineering related technol-
ogies and technologists. Without attempting to
dominate the subprofessions. it is still the re-
sponsibility of each major profession to aid its
related or supporting groups to achieve standards
of education and experience that will protect the
public safety and welfare.

L. E. Grinter
_J esse Defore
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Section 1

Objectives

and Procedures

of the ASEE Study of
Engineering Technology
Education :

After a series of internal discussions extending

over a period in excess of a year, the American

Society for Engineering Education made s, pro--

posal to the National Science Foundation in March
of 1969 that NSF sponsor a two-year study of -
Engineering Technology Education. This proposal .

was based in part upon recommendations of an
Inventory Conference on Engineering Technology
Education held January 22-23, 1968, in' Washing-
ton, D.C. and attended by some twenty-five .indi-:

viduals representing engineering and engineering

duration  in engineering technology education,

assess the strengths and weaknesses of current

educational practice in this domain, and sug-
- gest directions for future effort in this area.

As to implemenfation, the prdposal confained this
statement: S

It is proposed further that this study be
implemented "primarily "through 'a series of
conferences involvinz engineering educators,

. engineering technology. and junior college edu-

.. cators, employers, personnel managers, repre-

- sentatives. from labor, government and the
armed . forces, graduate -engineers and tech-
nicians, representatives from the professional
societies, and knowledgeable laymen. o )

The project will be directed by an experienced
educational administrator, Preliminary reports .

_-of initial findings will be circulated to institu- Lo
tions, organizations and agencies for purposes .-
‘of early review and evaluation. This is essen-

 tial in order that grass-roots participation will:
be assured andreflected in the final action and

implementation of the results., . -

. Based upon this proposal, ASEE was provided -
- with funds by NSF to complete a two-year study - - .
~of Engineering Technology Education -beginning

- inAugust,1969. T

 technology educators, industrial employers, and- -

government and other agencies. Ini its introduction,

ASEE'’s proposal stated the following objectives: ..

This doé_dméntl is a pfbpo_éal to the 'N‘ati‘o_nalv_-
Science Foundation for support of a national -

study of engineering technology ‘education.
Such a study would inventory the current na- I
tional.effort.in_pr.ograms' pf ;wo\_to’ f_oqxj years- - .

- Organization 'zi_"l"ld'_:Adxi{iliisi:fatiOh}f L
of the Study - - |
~~ The Engineering Technology Education Study = .
was organized -and gdministered_as, follows: -

. L"A staff was assembled consisting of the part- -~ -
 time services of ‘two previous pre idents of ASEE .




(\"),

o

Aruitoxt provided by Eric

and a full-time technical associate with previous
experience both in teaching and in administration
in institutions providing technical education.

2. Two meetings of an Interim Steering' Com-
mittee were held for organizational purposes. The
activities of this Interim Steering Committee also

led to the appointment by the President of ASEE

of an Advisory Committee of 24 members; the

members of the Advisory Committee are liSted on

the preceding page. R
3. The Advisory Committee has held five two-

day meetings. It has received reports prepared by

the staff and by subcommittees. Staff members
have reported to the Committee on visits to some

50 institutions having either 2-year or 4-year pro-
grams in engineering technology. It has revised -

reports as received to reach a consensus and has

reviewed drafts of the Preliminary and Interim

reports at three successive meetings,
4. In October,” 1970, the Preliminary Report

was distributed widely and-then more than 2000 -
copies were purchased by universities, companies, -
technical societies,; and indivi duals. A request was i
made for comments and analyses, and some two -
hundred communications were received, These .

comments inﬁu'en'ced the preparation of the In-
terim Report to an important degree. :

5. The Interim Report was prepared during the

second year of the Study. The objective of dis-
tributing an interim report before the end of the
study was to maximize the opportunity previously

_provided through the distribution of the. Prelim-
‘inary Report for obtaining feedback including

factual knowledge that may not have reached the

-staff or the Advisory Committee.

6. This iF'i'.iml'Rep'oi't has been prepared - after
consideration of all communications received. The

* Foreword occurs only in the Final Report. It was

added primarily to clarify the fact that considera:
tion of the special problems of each area of tech.
nology .and its special relationships with engi-

‘neering was beyond the scope of the Study. It is
inevitable that some repetition of definitions and

characteristics of curricula occur in several sec-
tions of this document. This is due in part to.multi-

. Ple authorship but more importantly to the. need
that the sections dealing with associate degrees be
-complete and independent of those ‘dealing with
~baccalaureate degrees because of different reader-
cshipos o e
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Section 2 : kind of educational institution was emerging also. i
This was the “mechanics institute.” Schools of this
. . ) ‘ type were -founded ‘mainly in eastern and .mid-
HlStOl‘y, - western industrial centers, and made their first
qeps : ' - appearance during the 1820’s. These early institu--
Tradltlons, and . tions may be regarded as the precursors of techni-
* b " cal institutes. They offered courses in mathematics,
TranSItlonS S , S bookkeeping, surveying, navigation, and other vo-

cational subjects; they sought the “promotion of
. the useful arts” ; they trained artisans and drafts--
men. They attempted to provide training to meet
the manpower needs of an expanding industrial -
economy . for draftsmen, supervisors, - designers, -
production workers, and other technical personnel
_ which neither the secondal'y'SChOOIS nor the engi-
. s . . _neering colleges were meeting directly at that time

%hehBef“‘.““;gE‘(’lf u - (Smith and Lipsef, 1956, pp.1820) . - .

echnologica luca on : - The first of the technical--institiite.*-,was-the.
Compared to liberal higher education, the roots Gardiner Lyceum, in -_Gardiner,'Mai_ne,“eStablished- L

of which in the United States reach back to the in 1822 (Wickenden and Spahr; 1931, p.-4). This .
founding of Harvard in 1636, technological educa- ‘'school, however, ceased to operate after ten years. " .
tion has a relatively brief-history in this country. - Mostof theearly institutes suffered a similar fate.. -
While almost all of the colonial colleges were by  Only one, the Ohio Me hanics Institute, established

1750 teaching mathematics and science, frequently .= - in' 1828 in Cincinnati, is still in .existence; it op-

including technical subjects such as surveying and erates now under the name of thé Ohio College of - L

navigation under the heading of mathematics, it~ .- Applied Science. The spread of free public educa-

} was not until 1802 with the founding of the Mili- - "tion was cited as a cause for the rapid waning of -
tary Academy at West Point that appreciable = - interest. in . these " schools - (Smith, and Lipsett,
attention was given to-technological_educati('m,'  1956,p.19). T
(Brubacher and Rudy, 1958, p.iii). . o L e AT S
" The world beginnings. of modern technological . Later Interest.in Technical Institutes '~
education are only slightly.more remote than those . Later in the centuiry, & revival of “interest in-

~in- America. The earliest date usually cited i8S  technical institutes occurred, due largely tospréad-
1766, the year.of the founding at Freiburg, Ger- . ing industrialization. Spring Garden College, still

' many, of a technical mining school, Some histor- - in existence, “although- renamed, was_founded in '
 ians accept 1775, when theFrench Ecole des Ponts 1851 in. Philadelphia. Pratt Institute, ‘Brooklyn,
et Chausees opened, or 1794; when the great Ecole Now York, was established in 1877 as an institu-

Polytechnique was  established (Read, 1989, P. . tjon of this type, but it gradually changed into:a- . !
8B1). e '?-.‘.T-:-,traditionizl\;?rengiﬁeléfing':‘ns‘.choollf-"?‘.*A'ccordi.ng‘_.ffoﬁ?i L
Ry S EIP S PEAIT RN jt TR, FER . Graney (1965, p.-9), there:were ‘‘dozens of such.~~
* The Development. of Engineering sc“""'s * institutions started during the late nineteenth and.
~ . After its tardy introduction to the higher educa- - ',éarlyettwentie_th,;centuries;ta;.'rhege'-ffﬁourishédjfof
tion enterprise in this country, engineering edu- - ° ‘a period of ‘time and then disappeared from 'the . -

_ cation eventually ﬁourish'ed_‘._1Norwicb'-UniVefSityﬂ'-‘f "“scene.Graney cha cterized-the ‘institutions'as .
“founded' a ‘Department “of .Civil ‘.Evn‘g‘ingeﬂering; in. follows: = ARCE S L

©1819;" Rensselaer Polytechnic < Institute: was ' ° ey geared their.

- founded in 1824 ; Union. College founded a similar: “’ing ‘technology of : the time, laying “empbhasis
~-~department in'1845 ; Harvard established the Law- 't;i'ix'p_o'r{,appliggtion'with'inﬁén’siﬁig instruction dur-.
~ rence’ Scientific - Scheol ‘in, 1847;: Yale, - in’ 1847, < ing short " periods: of: less than four 'years. If -

©'began'a‘department which later evolved into the theytended Lo Drebe e sich Jeast, to.
- Sheffield Scientific:School :-and ‘the: Massachusetts ne degree, 1 Wet:

" Tnstitute of Technology; perhaps the ‘most  re-
* novmed of ail the institutions of its type, was es-
- tablished: in 1865 (Brubacher: and Rudy, 1958,

b, 62). The Morrill Act of 1862 greatly stimulated

. - the founding . of -additional ‘institutions... By the
-+ beginning: of -this’ century,:s me: 42 engineering




and the number of junior colleges increased until

in 1921 there were 207 such institutions, 70 public

and 137 private (Thornton 1960) . Further growth
has been rapid as is shown by Table 1. It was in

the 1920’s that the concept of occupatlonal educa— :

Table 1, Number of Commumty Junlor Colleges and

-1970°

School Total Number Total

Year of Colleges Enrollment
1900-1901 8 - 100 -
1921-1922 : 207 16,031 -
1938-1939 . b6 : 196,710
1952-19563 594 560,731
1958-1969 - 677 . 905,062 o
1965-1966 7M1 1,292,763
1969-1970 . o 1038 o 2,186,272

. *Sources: James B. Thornton, The Community Jumor‘ i
College (New York: John Wiley and Sons, Ine,, 1960), -

Table 3, p. 155; and American Association of Junior Col-

leges, Dtrectory/l!)lo (Washmgton AAJC 1970), p 7

tion as an 1ntegral part of the Jjunior college cur-

riculum received substantial acceptance The num- . -
ber of occupatlonal or “‘terminal courses”, as they -

were titled, grew from 100 in 1921 to 400 in 1926, -
1600 in 1930 and more than 4000 in 1940 (Hlll R

1942),

Nearly 90. percent of all Amerlcan commumty;"
junior: colleges now offer occupatlonal educatlon.
programs -intended -to" prepare ‘students for: im-
mediate gainful employment upon graduation. - R
Engineering technology and - related curricula - There also appear to:be parental; peer 8‘1‘011p, and c
‘are often included ‘in - these community’ college - -
offerings. In 1968, for example, the American As-
scciation of J unior Colleges reported that' approxl-:f .
“mately 300 communlty 1nst1tutlons offered ‘or- .
- ganized curricula in engineering ‘technology or a -
- closely - related field. Such- technology. programs. . -
_'generally lead to'the award. of associate degrees. =
.- Community colleges also may offer occupatlonal; '

'_.i'programs ‘which ‘are’ post-secondary" -and: have a

-vocational emphasis; but ‘which lead_to the award:-i."{:if"

of certlﬁcates rather thanzde re B

: ,Baccalaureate Technology ng‘rams i

- Very. recently, a ‘new: stream of technologlcal'-:
_f.’”educatlon ‘has. emerged namely, four-year bacca.-
e .'-;laureate programs in- engmeermg technology
IS ',Whlle two-year assoc1ate-degree technology pro
. ‘grams have a: ‘history: extendlng over half a:cen.

. tury,. bemg associated with both techmcal 1nst1tutes :
and communlty colleges, the concept of ‘& four-year

curr1culum"1s a contempory developm" t."An
allusion: to: the /idea: came; .in. 1957, whe
Elgin, of Prlnceton, wrote in The: Engm er.

,y"lncreasmg the
T even four-yea

v as’ engme_er-techm an”' ‘and ¢ englneenng
thoses traxned

axdes,

Total Eurollments for Selected Years, 1900- '_

(Stuessy, 1970)','
' "‘;latlonshlp of: these programs to

In June, 1965, Harold A, Foecke, then Speclallst

“for Engmeermg Education with the United States

Office of Education, stated that more than sixty
colleges were offerlng four-year technology cur-
ricula, A subsequent research study identified 73
institutions which purported to offer baccalaureate
engmeermg ‘technology programs or programs in

“an-industrial technology closely allled to the en- -

gmeemng field” (Defore, 1966).

- A number of forces appear to have encouraged"
' the inauguration of baccalaureate technology cur-

ricula, The two-year technology programs at tech-

__nical institutes are “bulglng from within”’ as more-
.~ and more subj ect matter is added to the curricula; .
* And at the same time, there appears to'be an “up- =
- ward push” due to complex1ty of industrial enter-
" prise about whlch Grant Venn ( 1964) has wrltten '
as follows Lo

Now, technology has advanced many occupa-'_‘ '
. tions on'the technical, skilled, and’ seml-profes-‘-.-
" sional levels to' a pomt where they require .
" higher - levels - ‘of - “specialization and related - :
“knowledge that are best learned within: educa- -~

tional. frameworks ‘Manifestations.of this up- - S

" 'ward push.are to be’found, for example, in".
-",.."engmeermg, where . the two-year engmeermg_j_ S

... technology curricula ‘of 'today compare in ri gor_,“ B

. ‘and:breadth  with .the four-year engmeerxng_r_'.’

- cumcula of . twenty-ﬁve years ago As . engi-
.. neering’ contmues to-become more complex and v
J;’specxahzatxon is’ delayed,: graduate study will-; .~

" become’a’ must’ for. the" engineer, and- by .the
' same token, itis probable that within the pres-
[ oient decade the ‘bachelor’s: degree. will become a_
must for many techmcal occupatlons' b S -

}_soc1etal pressures . for individuals to obtain: bac-f.;., L
. calaureate ;degrees 'as. a’ matter ‘of personal or. -
- family: prestlge A related and even : ‘morre impor-
- tant drive is to obtam an: educatlon that 1is: knownf T
B to provide upward moblllty with experience;”
Parallel to the: development of <baccalaureate en-i‘_
gmeerlng technology prograins-is. another’ impor- Pl
" -:tant ‘movement, ‘Colleges, schools: and: departments . -
. > of industrial- education’ ‘and- industrial : arts: ‘have "
devised: currlcula whlch are 1ntended to provxde_vz,
: '-’,_»,{,,students ‘with' routes “to: 1ndustr1al employment
" rather. than to teach1ng The ﬁrst of such “1ndus-

and: more. are' proJected ‘The_ r‘,




Another influence for expanding technological
programs is the reduced flow of baccalaureate en-
gineering graduates into industry. This flow is
being reduced by two factors: first, the absolute
‘number of baccalaureate degrees in engmeermg

has}been essentlal_ly static for ten years and now

seems more hkely to decrease than mcrease and
-second a growmg percentage of baccalaureate

engmeers contmue thelr studles to acqulre the
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Section 3

Abstracts

of Three Important
Reports on R
Engineering Technology
Education

Since 1960

(A) Characteristics of Excellence in
| _Engineering Technology
~ Education -

The present ASEE- Engineering Technology -
‘Education Study covers both associate-degree and.
baccalaureate programs. However, since an excel-. .
lent study on two-year programs was published by
ASEE :in' 1962, entitled Characteristics of Excel- -

lence in Engineering Technology Education, con-

. siderable advantage will accrue from using there-

sults of that study, commonly called the McGraw

Report, as background. The following abstract of .~
" the McGraw Report seems of sufficient importance. -

~ to include in this document.

o the 1‘962‘-“‘tgport‘;d-:. o

. Purposeand Terminology
. -Thig report seeks to develop:guidelines and defini
"..tions, to suggest: minimum standards for: selectin

" taculty. and students,. and. to explore curriculum, re

- . quirements for both technical and nontechnical areas.

Y

“To:avoid the - ambiguity of:the term"“technical .in:

ginéering. technology” and “en
 represent -the field. of study

respectively.’, -

-1 Exéerpts. romﬂ'é_‘four_th'h‘_ nport , report, the: forni
State ‘Colleges study of industrial technology ' (Industria
Arts/Industrial Technology; Office of the Chancellor,:Cali

fornia State Colleges, February, 1970), appear in"Appendi
. "Briefy, industrial ‘technology, education'emphasiz
- breadth n thel"j:th'a"rgifté'v;hniq;l-:‘_sﬁecializﬁtiéli;_a_bd;itf-‘Q‘n‘ég_h'é}

R

‘including . management..: The 'excerpts. :from the

understanding the: Feal distinctions that exist:between en
ineering techriology "education ‘and industrial ; technology
ducation, A more detailed abstract of this important stud
' i reliminary ‘and Interim Réports.

. RN
* These terms have become comm

Col the common practicef“_'y
 Faculty

" Sinee these curricula are 8o closely related to

“i‘current.

It is the opinion ‘of the Advisory Committee that .- .
' the standards presented in the ASEE reporton’ . -
. Characteristics of Excellence in Engineering Tech- - .
- mology Education, which have formed the:back-: - -
*ground ‘for ECPD" accreditation_ of engineering -
. ‘technology: curricula, have produced a continuous . . - '
“. . desirable upgrading - of engineering technology
" education. ‘The'. following ' quotations summarize

"7 (b) Two units:of mathematics,

" stitute. curriculum” it recommends; the- use : of -“en-.
gineering ‘technician” .
and: th practitioner:

uch. prograins being in'non-technical -

CSC report have been' appended:to provide-background for:

Definitions

Engineering technology is that part of the engi-
neering field which requires the application ‘of scien-
tific and engineering knowledge and methods com-

. bined with technical skills in sugport of engineering

activities; it lies in the occupational area between
the craftsman and the engineer at the end of the area

closest to the engineer. SR
Engineering technology is concerned. primarily

" with the application of established - scientific and

engineering knowledge and methods. Normally en-
gineering technology is not concerned with the de- -
velopment of new principles and methods. Technical
skills such as drafting are characteristic of engineer-
ing technology. - T :

Predictioni of Educational Level
There has -been in recent years a steady increase -

_in the mathematics and science levels of the. cur-
" ricula of both the secondary school and the engineer-

ing college. The1engiilleering‘ztechnicign»of tomorrow
must be educated at a higher technical level than he

~ has been:in. the past. Though it is difficult to ac-
"complish in the short span of two years, there are’

‘certain 'areas (eg. -mathematics, physical  sciences, -

. humanistic-social studies) in which the student must_
" be.given.'a_broader- basc'tbpn',‘.}.xas,‘ he.reto‘fqre ‘begn L

" engineering, it is equally obvious that a satisfactory
- engineering  technology faculty 'must :contain ‘a sub- .
" stantial proportion of graduate engineers. It .is the. -
' Committee’s opinion - that “approximately - half the .
. faculty members .tedching the technical apecialties.

should  be graduate engineers or the equivalent. A

"' significant proportion of the faculty must have: had. -
“relevant industrial .experience. which ‘is reasonably -

Adiission Requirements .~ .
"'The  committee "believes that a satisfactory en- -

- gineering. technology -program should be based upon
. ‘the following minimum secondary school units: . ...

" (a) Three uhits of Brglish . =, -

‘algebra and:the other in'plane’ geometry (or . .
“the equivalent;of ‘these in integrated’ T
- mathematics)- S
(¢) : One: unit of p
. /-(wherever pos

sible, physics'.or. chemistry)..

“one.of which isin "
‘mo(!e:n,'~_',"’<"

of physical scienc thh.}labdlxi'a‘l':d‘_ryj _‘ »

Thie'“student should Have, ‘scquired this ‘minimum

background, before cntering: the engineering tech- -




Mathematics and Physical Sciences

All branches of engineering technology are built
upon a foundation of mathematics and physical sci-
ence. Mathematics is one of the more critical de-
terminants of both the level and the quality of -an
engineering techrology curriculum. The most com-
mon criticism by graduates and employers is directed
toward the level of mathematical content of engineer-
ing technology programs. There is no doubt that the
ultimate depth to which the physical science and
technical specialties portions of the curriculum. can

be pursued will be determined greatly by the mathe-

matical preparation of the student.
Recommendations: :

-(a) Mathematics taught fn the engineering tech-

‘nology curriculum-should be college level and
emphasize problem solving rather than ex-

. tensive mathematical proofs. o
(b) Mathematics .ghould generally be taught in

- -geparate courses from science and.technical

subjects by qualified mathematics instructors

familiar with the engineering technology .ob-
~jective. - . . : S

. (c) Enough Calculus"should‘bé’ fatfghj: to él"iar- :
" antee that students are professionally literate’
- and .to permit use of this mathematical tool .

in the technical specialties.

If the mathematical sciences underlie: all the tech-

" nical courses in the curriculum, similarly the physical - o
sciences give them unity. Thus, it. is to the physical

sciences that. the engineering- technician nust look

. for the fundamental concepts which.tie together all

‘- the technical areas.. Toward this end 'the. courses .
should emphasize the understanding, measurement - S
and quantitative. expression: of ‘the phenomens ‘in- --
volved. Physical science courses should ‘be accom- =~
~ panied by appropriate - laboratorics. “Careful “work, - .
 precise” observation and accurate measurement and

" recording should be"emphilalsiz'ed.-.", T

. cummicuwm summary
o IN"SEMESTER CREDITS -

" Mathematics .~ o b
" (0.9. olgebro; trigonomelry, calculus) - 9 .
" Physlcal Sclences < AR
(e.9-physics, chemisiry)
“Non-Technicol Courses’
"I Communications .
. *(e.9- English compo
" regort writing) " !
“oH "anisjllci-Sgc_loI‘ Studies:
" (e.g- economics; literature, history)

anulcturin
chinfcol Specialli
- semiconducto,

Innuullons houls vith
only the: minimum shown above

are 61 orly xpecied but desobl

~Mustration - |

Non-Technical Courses

An engixieering technician’s education should in-

clude_instruction in linguistic communication, hu- "
‘manist-social studies, and other appropriate non-
technical studies. Technicians have expressed the -

need for better preparation in English and report

_ writing. Engineering technology curricula must edu- -
" cate students not only for immediate employment

- after graduation but also for subsequent develop-
ment as citizens and responsible human beings and
. should whet inter~3t in persomnal . development in

* ‘these areas after graduation.

~ Technical Skills

_The ASEE Report on the Evaluation of Engineer-

* ing Education (19566) indicated that future engineer-
_ing curricula would probably show a decrease in the
. proportion of time devoted to technical skills .such

as drafting and manufacturing processes. The en-

‘ gineer,i_rllg technician. has been expected to move up- .
ward to fill this gap. ‘Graphic expreéssion is as much.
a’ part of technical language as is mathematics. =

Every engineering technician. should have a_first

- hand knowledge of the general capabilities, limita-
" tions, and economics of the conventional manufactur-
- ing or ‘consiruction techniques’ used in the industry

" .in which he works.! - .© o -
"Technical Specialties - -
 -The technical specialties. .or “majors, cover such .. -
. areas. as: electrical,  electronic, ‘mechanical, civil,.
" chemical ‘and construction technology. The technical - : -
-~ ‘specialties are always: in_transition. What today is = .
. an ixint_)vation'in»profe,sfsionaljengineéring‘tpmorrow PRI
" becomes the established engineering. practice falling
* . within ‘the province of - the .engineering technician.
- Technical specialties courses should include consider-. . -
. /able_attention to problem identification and'solution ' "
- .. and should also emphasize the quantitative analytical -~
. .approach.” Provision . should ‘be “made " for a ~design -
" project ofr.coursein' 'which the ‘student:is required -~
-to integrate the knowledge obtained:throughout the. .. S

program.

" be accompanied by coordinated laboratory. experience-
- which® 'stress measuring:, physical  phenomena: ‘and '
olléction; analysis, interpretation and’ presentation -

; familiar-with' .
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creditation of Four-Year Programs in Engineering
Technology Education, known as the McCallick
Report, followed the ECPD decision of 1966 to in-
clude four-year or baccalaureate Engineering Tech--
nology programs in it3 list of accredited curricula.
This committee was appointed by the Chairman of
the ECPD Committee on Engineering Technology
to develop criteria to guide the accreditation proc-
ess for baccalaureate engineering technology cur-
ricula. The following quotations are from this 1966

report.

‘programs-have not : as: ye ‘ been effe

Recent Developments
Three recent developments are important:! _
 First— programs’ with a vocational heritage and
flavor have been modified and extended, in some.
cases to two years of post-secondary. education lead-

" ing to associate degrees. Some important distinctions
of kind and quality have been: blurred by the ex-

_ tension of these 'vocationally,-rel@ted programs and
their ‘identification  as engineering technology pro-
grams. L

~ - 'Second —the emergence from an_ industrial arts .
heritage of four-year - degree ‘programs. most com- -
monly designated industrial technology. Long stand- -
ing bachelor's degree programs in industrial arts or -
industrial education are mow. being - paralleled by

~ degree programs in industrial technology to prepare: . R

graduates for industrial employment. - .

the last five years while enrollments in: programs - © 5" Technical electives . " .. v 10%. E

" 6. Freeelectives .~ = 10% o

leading to baccalaureate: degrees have soared. " -

Concepts Underlying the Recommended L

 Criteria -

- grams, - and_between ‘the ‘normal roles ‘and ’ career .
patterns of the graduates. ' .. SRR NN T

~ - Inthis report technology concerns the achievement
“of some: practical ‘objectives® through the application.

-~ of 'proved “techniques”; ‘methods, and procedures. . .
" Most, engineering problems: have  no‘single or. ob-
" ‘vious best. answer  and ‘hence’ require engineering:
* judgriient of.the most appropriate balance between.

© . competing ' requirements;: :Technical: problems : “are.
" more likely to ‘have, uniquo and ' specific solutions.
" Most truly. engineeri g problems have one’ or. nore:
" -impovtant: nontechnical - conatraints ; (legal, ' social,
. "economic, Jesthetic, etc.) . Engineering is a profession
inipart because ‘of -the engineer's responsibility. to
* gociety: to:take account of these nontechnical “dimen~
= 'sions. aid thus: protect’ and _gerve ‘Society’s, interests..
‘The: technologist “or ‘tachnician,’as such, has no: com-
.parable’ professional " obligation:: Once’the - engineer
rendered a professional :judgment.on: such. re

ing problem; and: thereby: stripped it to’its ‘technical
core, -if the remaining - protlem 'involves o, novel

echnica!; features . and - requirements;” the : engineer
;rﬁﬁy}app'lrpgﬁatel rely for the technical design upon

“asseen.in 1066 are sti
for. considerable conc
ear engineering -

creditati

" two years lead to the associate degree.: - -~

Third — enrollments ‘in- technical  institutes (two .
year programs)-have been at a virtual standstill for . -

" Definition of Technical Scionces. e cou
“'the technologist learns the theoretical characteristics :

Recommended Criteria |

A. Program Designation. The committee recom-
" mends that the program be ‘designated by the noun
“technology, not engineering. The adjective “engineer-
- ing” in the compound term “engineering technology”

would be approved. .In every respect, the institution

miust make it eminently clear that the program isa
“technology program (not an engineering program)
_ preparing - technologists and. tgchnicians (not en-

gineers). e o PR ,
" B." Degree Designation. Thecommittee expresses

‘a strong .preference for ‘“Bachelor of Technology”
.as thename of the degree. Lo S
" 'C. Entrance Requirements. The committee rec-
_ommends tha the entrance criteria ‘now employed
by ECPD for.ihe ‘accreditation of enginejering "tech-
- nology programs be continued unchanged.. . . o
D, Program_Arrangement. - The "committee ap--

_proves. either the integrated single four-year cur-
- riculum or the:.two-plus-two ‘plan ‘whereby: the ‘first

. "-E.' "’l‘ot'al_C;édit’s'nequired;"j The Committee rec- -
. ommends that the total credits required for gradua-.
tion range between 120 and 144 semester. hours ex-" -
- clusive of ROTC and ‘physical education. The Com-
mittee prefers the low end of therange. .- =~ "o o

N B .- R

- F..Subject Matter Distribution: The committee
. recommends the following distribution:. "~ - . ' g

= '1;‘Communication, humanities and 0

i gocial Beiences .l i L 20%.

2. Mathmatical and physical sciences - 20%
.3 Technical science . =~~~ - 16%""
{, Technical specialty’ - . 26%.

e Gommittee feels that it should maintain fean- - © . and properties of devices and eystems and the appro- .
ingful. distinctions 'between ‘engineering-and - tech- ;.0
‘nology, between the purposes. of ‘the respective pro-. .= "

" priate méthods of analysis— mechanics, electric “eir-.
-_'»_c'uit.theory;'tﬁuid_-meghanics, thermodynamies; ete. . -

“construction ‘techniques;: production methods, mainte- - R
" nance;. ete: - (b) Technical . Design ‘courses  include:
" practice-oriented - standard - design  applied to “work

in_the field — such ‘as’ construction— in ‘which ‘the

studént : acquires: ‘experience
ished design procedures
Technical Electives.

carrying ‘out’estab:

hese su

t-also . labor. relations, : cost

jaccounting,’ contracts
ifications, etc. “

Technical Sciences. ‘In these courses

: Defiiition of :Technical Specialty: - (a)"Technical -~ -
kills and: Techniques include ‘graphics; surveying,

4B 5 TR MDA Lt

A

Technical Ele rese support the student’s.. .-
career. interests, and may. include not only additional :
mathematics; natural science: and . technical ‘science,:

X AT
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Aruitoxt provided by Eic:

It is recommended. that the term. “Techmcal In- .
stitute” be used as the generic term to- designate the, -
institution or unit awarding the associate degree in -
engineering technology;.and that the term “College.
of Technology” be used as the generic ‘term to desig-
nate the institution or unit awarding the baccalaure-- :

‘ate degree in engmeermg technology.

On the subJect ‘of . desxgnatxon of graduates the"'»'.

report. states the followmg

It is recommended that the term “engmeermg

" technician” "be’ apphed to the graduates of the as- =
sociate programs in technology and that the term.
“engmeerlng tachnologist” be applied to the gradu-"

‘ates of the baccalaureate program.

Y

‘Assocxate in Engmeer‘ng, Assoclate in Technology,

and Asscciate in Engineering Technology, and also

_~ Bachelor of Science, ‘Bachelor of Technology and
-.Bachelor of Engmeermg Technology ‘Fordearand
- unambiguous’ 1dent1ﬁcatlon of graduates the fol-_ ,':

lowmg recommendatxons were made S

» Tt 8 recommended ‘that the transcrlpt and the
) dlploma mdxcate clearly fthat the program 1s one m
. englneermg technology.

‘ It is recommended thatbthe degree deslgnatlon
mclude the term englneermg technology. &

It is beheved that there i isa contmulng mﬂuence

"of this. report which:is gradually brxngmg greater
o L consistency to the teiminology of engineering ‘tech-

It was found that a consxderable range of degree ‘

desxgnatxons are used, 1nclud1ng the following: As- =

socxate i Sclence, Assocxate in Applled Sclence, e

nology. education, thus clarlfymg both s relatlon-

'shlp to and rts separatxon from engxneermg educa— :




Section 4

Recent Trends

in Englneerlng Educatlon
and

Engineering Technology
Education

Changes in |
Engineering Education

The educatlon of the englneermg ‘technician and

the engineering technologist bears an- 1nadequately '

defined but important relationship to engineering:
education. Engineering education programs appear -
to be again undergoing a rapid evolutlon Aftera
period in which undergraduate engineering curric- .~
ula were being extended to a point where only ex-:

ceptional students finished in four years, and five-
year undergraduate curricula were being tried in
a few mstltutlons, a reversed trend has developed.

Baccalaureate englneerlng curricula that.can real- -

istically be. completed in four years, of comparable

likely to continue. This trend is not due to a belief

that engineering education: can he completed ina“ -
normal four-year currlculum Instead, it seems re- .-
lated to.a growing belief - that an engineer who .. .

~a more extensive educational background than is - -
commonly credited in- professlonal clrcles to the'_:,‘-

_ 'baccalaureate degru e

.....

o Whether the advanced professlonal educatlon of .
L the engmeer is conducted as study for the tradi-
~ tional ma: ier’s degree or for an advanced profe }

- gional degree, the result seems. hkely to be an’ ex- ;

of large numbers of pubhc Junlor or communlty
colleges. Enrollments in long established technical
institutes have not been growmg significantly. The
technical programs of the junior colleges are ex-
tremely variable both in their objectives and their
quality. It has been observed that many represent
an outgrowth from earlier concepts of vocational
training. Some will continue within this type of
environment while others, because of changing
community needs, backgrounds of faculty, and
other factors, have already changed in character,
Two natural steps of evolution are identifiable:

first, the introduction of a limited math-science -
. requlrement leading into specialized courses re-

lated to industrial processes; and second, strength-
ening of the math-science requlrement for use in

technical courses taught at least in part by engi-
- neers. ‘At this stage the curriculum may. quallfy

as an associate degree program in engineering

. technology, and perhaps receive ECPD accredita-

tion. Junior colleges have not requested accredita-
tion in significant numbers as yet (in 1970, the

'ECPD ‘Annual: Report listed fifteen communlty _
colleges with one or more accredlted assoclate de-

gree currlcula 1n engmeerlng technology)

Roots of Baccalaureate Technology

- Education

Baccalaureate technology currlcula have roots

" in several ‘areas of education.: First, there have
~long been: baccalaureate curricula in mechanized
“ ‘agriculture; building constructlon, printing, glass o

length to curricula-in liberal arts or science, now . manufacture,” furniture production and other in- .

exist in significant numbers, a trend which seems |  dustrially related areas. In some areas,such as

© . textiles and’ petroleum englneerlng accredltatlon;_ .
" for the program was sought;. in others, it was not,
probably because the arts were ‘more. 1mportant -
"than the sciences in those fields. ‘Another source of
- carries full professional responsibility should have . . technology curricula has been-the industrial arts " -
- ‘programs.of: certam colleges of education wherean
evolution. has taken' ‘place and “industrial technol-g}',
e - ogy”” currlcula have ‘emerged.; ‘Because mathemat- "~ "
; 'r,'».'f-flcs and science were not: tradltlonally emphaslzed::;
~-in curricula- for: industtial ‘arts”teacher prepara-" ..
tion, the" technologlcal curticula’ stemming “from .
this source: have been initiated :with-about ‘equal. "
emphasls upon’’ math-sclence-technlcal requlre-}';
‘ments and non-technical studies, It seems evident.
that the. 1less encompassing " math-sclence-technlcal.; L
.content of currlcula that have developed out:ofin- . .

- tension beyond. four years. ‘that will effectlvely ins
~+crease the differentiation between the education of -
© " “the profes.slonal engmeer and the englneerlng tech
-~ nologist. ﬁuch a change may be: expected to de
RS _.ﬂvelop gradually ;'in fact, it has been’in: process fo
’--t'fsome tlme s1nce approxlmately forty percent_ of -

‘ “empl {




technology. In some cases, the technology curricula Employment of Technicians and
are offered within colleges of engineering while in Technologists

others these programs are provided through col- S oo o -
leges of technology or other administrative units. As yet the number of graduates from bacca-
Under either of these organizational plans, the laureate technology curricula is small compared
faculty of the technology unit is likely to be com- to the number of engineering graduates, but the
posed heavily of teachers with considerable indus- grow,thvtrend is clearly upward. The absorption
trial or other experience relevant to the curricular into industry ! of these graduates should not pro-
specialty. A major fraction of those who teach vide any problem at least for the next decade. En-
technical courses may be engineers. A factor that . gineering technicians historically. have been in
has disturbed engineering faculties is the rapid  short supply. T
growth in student enrollment which has followed - -Data from the Bureau of Labor Statistics indi-
the inauguration of nearly all of the new bacca- cate that currently about one million technicians
laureate technology programs while engineering . 27 employed (BLS, 1970; see Appendix B). Of ;
enrollments have remained almost static. This con- these, about one half - have no formal education
dition may be attributed to the fact that onlya beyond high school. The remainder have one or -
small fraction of high school students show a . two years of post-high-school education, but only
stron interest in mathematics and science. Yetall = half of these seem to have received an education .
are exposed to the marvels of an increasingly tech- of two years closely related to their employment as
nological world, Thus an educational channel that  technicians _I_t-ls,_.l1k¢ly_that_'quture.ut;hzatvglon pat- .
provides professional or para-professional status terns for technical manpower. yvgll,call__-foxf en- -
through technological employment without therig- ‘hanced preparation “of the individuals entering
orous math-science requirement of engineering technical employme t. By 1980, employment prior- .
curricula appeals to many high school graduates.- ities may justify some _5,°.fpe17¢e“t of new entrants
An imporiant contemporary educational experi- - - to technician jobs to be educated. to the associate- -
ment is noted in what are called “two-plus-two” . - degree level and another 25 percent to have bacca- -
baccalaureate technology programs, those designed. ~+laureate technology degrees. If four-year engineer- . . .
to attract enrollment from students who have pre- - . ing and industrial tec.hnology--';_educqtlonj;‘:shoulfi o
viously achieved an associate degree.- The associate - - grow.in volume to equal the production of engi- -
degree vocational-technical programs -of ‘many = Teers, 1t,_»}?°u1d_~then.r_e‘l“}‘,re..'_a,llqwmgf; for usual
junior colleges are attractive to some students, but - losses, nearly a q+ye4rj;ou§put_.£.rom"such,'bacga-,' B
they still suffer in enrollment from their historical . laureate technological curricula ‘to_replace with
connection and, in some states, current association - such graduates one-fourth of the one million tech- =~
with “terminal” education. However, growing = = nicians’ now employed by industry and govern-- - .
numbers of universities and colleges are accepting . ment. By that time the needs of industry for tech-- .
at Jeast the above-average graduates from two-year “.nological “personnel
. technical programs into baccalaureate curriculain =~ ,gqmmenguratelyv,;,_"_;.1_j e T e
_ technology. Usually some academic. timeislost by. . - “ Industrialists explain that they employ for tech- = -
rs prove reast . nical jobs the best qualified persons available and. -

_ transfer, but if these transfers ‘prove reasonably. - - i
' nior col- - provideas much training as is essential'to achieve " ..
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voud doubtless have grown

* successful, the result-on enrollments in ju _
lege technical programs may be dramatic. The in-".. "

- creased - enrollments. ‘would then’ produce:an en-’ -
~ hanced flow of associate degree technicians ‘into -
" industry as well as a consistent flow of: transfer ..

. students -at_the junior level into ‘baccalaureate

 technology programs. .
The Role of Corporate Schools
- During. the past five years, there has been a . =57
" significant movement of major corporations.into
" the field"of .post-high-school ‘technical .education.
- The Radio Corporation of ‘America has operated
" . a technica? school since 1909, but.it was not-until -
©°1965 that industrial, firms-entered technical edu

cation in appreciable:numbers..

revealed that about 65,000

“ogists are: nieeded, -but in" their. absence the best . "
‘qualified technicians will be upgraded to achiéve .
“‘an’acceptable result. The extent of ‘the:need- for: -
. baccalaureate technologists e largely invisible"

until such graduates:become. a

R TN ST e

“students were enroll

porations; ¢
studying technician cot
sophistication with purposes ranging LI
objectives: to':the’baccalatreate; ‘leve

T ' ide an imp
‘technological: manpower.;and, may
ant:impact ‘on Amer

porate enterprise may: grow. to prov
tant ‘Source’ of: nanp
have a’signif

--education. . "~

ican" technical-




1etal responsxblllty expected of every professxonal g
- Immediately he may function under the codes of .
ethics of engineering societies but eventually he

will undoubtedly develop’ a code ‘of ‘ethics ‘'more

‘directly’ apphcable to hlS partlcular actxvxtles and

responsnblhtles‘
“The engmeermg technologlst wxll soon “be in

volved in making hls,partlcular type;of contribu- ‘

" tion to the solution of many. current. problems of
..modern society. There are contrlbutlons that can
readlly be made. to solvmg many w1dely dlscussed
problems ‘without new research; We' know. much

that we apply lnadequately to urban overcrowdlng, - :

.-crime reduction, air pollution, transportation;.pub-
hc health natural resources, water conservation,

_lake and-river contamlnatlon ‘wild:lifé preserva-

'tion, noise’ abatement etc

The opportumty or

mathematics, science ‘and technical subjects than

| opportumty to: expand the usual soclal-humamstlc

technologlsts to_wo k in such‘ﬁelds seems hkely to |

mcrease :
In thelr present stage of development currlcula
m\.englneermg : 'technology usually . contain- less

engmeerlng currlcula of four years duration, Engl-
‘neering. _tec_hnology under llberal dlrectlon may

'study of consxderable depth in ‘some:

tical scxence _law- or humamtles Such an mterdls-
cxplmary interest may be expected to lead students -
toward an opportunity to contribute to future tech-
nologlcal solutions of societal problems Other POS:
sibilities: of non-scientific. emphams are,. of _course,

management and international trade.or forelgn re-
latxons T_echnology students who show an mterest




'_ Sectzon 5

:Goals, Ob]ectlves |
~ and Broad Features of

| ,Englneermg Technology
‘Educatlon L

Englneermg technology educatlon by deﬁnxtlon '
must be more intimately - related to engineering = diff text i ted s
. education than are other technologlcal educational -~ ina different edntéx in agsociate egree programs .

programs that also. build upon mathematics and the

physical sciences. This close. relatlonshlp is essen- -

to serve with engineers as part of the total tech- .
.nologlcal enterprise that- extends from' planmng
. toproduction and continuing service. The engineer- - . -sive math-sciencebackground and which considers
ing technician and. technologist must,’ therefore, -  primarily the elements ofa system rather than the‘

' :understand the language of engineering — written, o .
. symbolic and graphic, must be able to: mterpret 1n_"., S
s v{;,.materlal terms the results of engmeerlng analysls_
. .- ordesign, and must’ work: eﬂ"ectwely as'a memberrg."

o of the total technological team.-The: engineering -

e 'technologlst often carries some responsnblhty for
-+ the achievement of the: physrcal result that de-
Cv rives from' creative englneerrng planmng and de-
.- sign. This does not: mean that, the .engineer’is

.. -uninterested or. ‘uninvolved in’ the practlcal output

. ~of his creative work, but ‘he no: longer. needs; to
“gvevsee all ‘the’ detalls of : lnstallatlon, operatlon,
_:._'productlon, and malntenance of  his - engineering

upon full knowledge of. the engrneering desrgn ‘are

f;;uncommon The essentlal content of engmeermg‘

T »,P
long thh technlcal ‘skills'r
rea of englneerm_g pract

, In order to achleve the obJectlves of the AQLE "'?',
: Engmeermg Technology Study it is necessa:y to.
.+ determine the primary. characteristic- or specml T
‘ '».--F_'quahty that- d1st1ngu1shes the engineering tech- -
.7_ nologist from the engineer on the one hand and-
from other kmds of technologlsts or techmcrans IR
on. the other RPN s e o

”',”:The Central Ob}ectlve of Engmeermg
) i-f,‘j__Educatlon A

“In’ 1950, Dean S. c' Holhster made a useful

e contrlbutlon ‘to"the" definition:. of ‘an" engineering
;,currlculum by emphaslzrng as. the’ controlhng, :
.- . 'objective :the design of machines; structures or
.-f_f-'processes (Holllster 1950), Today one would’ add.
- 'the. design ‘of “systems” including -social and . -

"~ humanelements.: However, the ‘word - “desrgn” is

- not free from. semantrc confusnon It is widely used o

of “drafting and deslgn” Hence it i 18 necessary to

“distinguish: between desxgn based upon. hlgh level o

~m thematlcs and. -science,: involvin; sis and‘.'.;.
_tial because engmeenng technology educatlon pre- - - & g analy o

~-synthesis; characteristi of the.work of engineers, =
. pares engineering. technicians and technologists: - - y e 13uc. gineers, = -

. and: “established” design,  characteristic of the
: ,work of technicians or technologlsts, which follows =
» codlﬁed procedures or is based upon a less exten-

e system as a'whole, . . ‘L
+In"1950, ‘greater attentlon naturally was glven L
to deﬁmng the: border area between -science and_ S
_'.4_lengmeermg ‘education- than ‘between: engineering
vand: technology educatlon because the: latter seldom - -
__e_xceeded two': years and was often only .one ‘year '
" in length Now, engxneerlng technology programs'ﬂ‘. L

-Science .Backgroui
Engmeermg' 'echnology:: Educatlon

that requlred for: admrssron toa 5
:rxng ,In fact there mayﬂbe no"';g; i

fibaccalaureate degrees However, it is- obvnous. S
hat these baccalaureate programs would not’ exist. - -
Ieparately from engrneermg ‘curricula if thexr ,

"goals-and’ requlrements were practrcally the same,
,-;'Therefore, it.is an: 1mportant obJectlve to'search - .
~out:and state. clearly the ‘essential- dlfferences be-
_tween engmeenng and engmeermg technology R

ducatronj partrcularly when they are of the’ same :




‘sequence than an engineering curriculum. Its math- |
science level establishes for a technology program -

" the instructor’s approach to a group of courses de-

signated in this report as “technical science”. Such

courses are taught with the emphasis upon appll-

cations or standardized solutions of common prob- . -
lems rather than the engineering approach which
de-emphasizes formulas and channellzed proce- '

dures

Other Currlcular Areas m Engmeermg
Technology

"When standard1zed calculat1on techmques are: ‘_

carried forward into design as a part of technology

' educatlon, it is evident:that the concept of overall
engineering design based upon ‘analysis and syn-

thesis, which at times requires calculus and other
-advanced mathematics, cannot be given. major
.'attention. Hence, the design instruction of the
engineering technologist involves carrying. out

established procedures of design. Thus he develops |

a sufficient understanding of engineering design

so that he may carry engineering projects forward -
into practical productlon, operation, and mainte--

nance. The major technical specialty and related

technical studies are the essential core of any _

engineering technology curriculum.
A goal of immediate usefulness of graduates to

~their: employers is considered important in design-
1ng two-year- eng1neer1ng technology curricula and -

is also emphasized in four-year currlcula To this

. end, a study of the use of equipment is a. common
characteristic of engineering technology programs :

Also,. commumcatlon skills - require- attention

all engineering. technology curricula, and. general»' 5

~or liberal education ' is an 1mportant obJectlve at
the baccalaureate level . S .

- -Supervnsnon and Management

‘The study of superV1s10n or management is -

: seldom a’ central characterlstlc of ‘engineering

technology educat1on The engmeerlng technologlst” s

often” directs others, but the same is true of engi- -
neers and the members of many callings. Atten-

. tion to management even in four-year eng1neer1ng‘ R

" technology curricula is limited to a'small fraction

- of the curr1culum (some five percent) by.need for. -

" “advanced coirses in the: technical specialty’ and. ' -

- requlred breadth of te<hnical studies; Management.

. is sometimes 1ncluded as a small part of human-

. istic-social study, but it must not be permitted to . -

T d1splace requlred llberal studles It follows that the‘ ;3

l

'_.to the englneer

' study of management is av‘deszda atum rather than

an indispensable part of an engineering technology

-currlculum This is in contrast to 1ndustr1al tech-
o nology programs for which a primary objective is-

training for supervision or management achieved

by trade-oﬁ‘ with the techmcal depth of the cur-'
| rlculum ‘ -

_'Summary The Central Objectlve of
' -Engmeermg Technology Education

-This analysls has ‘éstablished. the central pur-

" pose of engineering technology educatlon to be =~
. support for the practical side of .engineering
. --achievement with emphasis- upon the end proauct

1athe1 than the conceptual process. There are many

. ‘ovellappmg areas, but, in broad outl1ne, the engi-
- . neering’ technologlst may be said to help achieve
~ what the engmeer conceives. The technologlst is
usually a producer, the engineer is more often a

planner. The technologlst is valued as an expediter,

the engineer is- sought as' an expert.  The tech-
nologist should be a master of detail, the engineer
of the total system. Hence we may characterlze
englneerlng technology educatlon as follows:

" In contrast to engmeermg education where

: capacnty to design is the central objective, en-
_ " gineering technology education develops ca-

" pacity to achieve a ‘practical result based upon

-an engineering concept or demgn either through
- direct assistance to an engineer, in supervxslon o

- of techmcally productwe personnel or in other

- ways: :

Where the work of the technologlst and the engl- :

" heer are. S1m11ar in-kind they. may be expected to =
.- differ in'level because of the d1fferences in-mathe-
~ matics, science ‘and englneerlng science - in- their
‘educational backgrounds .The development : of

methods or new appllcatlons ‘is' the mark of the -

R engineer. ‘Effective use of establlshed methods is
~ the mark of the- technologlst The engineer’s: in-

terest and attention must carry through to the |

" final produot of his. creat1v1ty and its effective use.
. However, it is no longer necessary that he perform

all of the techmcal functions from - ‘conception’ 0

' oompletlon of a new product or process’ ‘and- then :

exercise the contmulng technlcal controls, The en- .

" gineer’s most 1mportant 'work 'is ‘usually concen--
- ftrated’ in"the early. stages of'a prOJect The. engi-
" ‘neering technologlst may perform similar activities
- tothose of the engineer: but at a different and usu-. -
“ally. later stage in'the progression. from concept to

product except when he serves d1rectly as an a1d_‘ -




Section 6

Characteristics

of Associate Degree
Curricula in Engineering
Technology |

Institutions Offering Associate Degree
Engineering Technology Programs

There exists no authoritative list of institutions
which offer associate degree curricula in en-

gineering technology, A number of recent publi-

cations, however, provide data from which rea-

. Sonable estimates may be made. In 1969, the
Engineering Manpower Commission conducted a
survey to determine the number of associate de-
grees awarded in technology; the report of this
survey stated that 894 institutions had made
associate degree awards during the 1968-69 aca-
demic year (Alden, “Technology Degrees”, 1970),
Earlier, the National Center for Educational Sta-
tistics of the U.S. Office of Education had fur-
nished data in a different format, suggesting that
during the 1967-68 academic year approximately
450 institutions made “formal awards” (these

awards included both certificates and associate

degrees) to students completing programs “at the
technician or semiprofessional level” (NCES,

“Associate Degrees. . .” 1969). And more recently,
the Engineering ‘Manpower . Commission has -
published data on the Fall 1969 enrollments in -

institutions offering tichnician and/or pre-en-

gineering programs (EMC, “Enrollments,” 1970)

which indicate that about 550 institutions are

engaged in this activity, Combining’ the two lists
of institutions reporting to the Engineering Man-
power Commission with the list reporting to the
National Center for Educational Statistics is be-
lieved to produce a list of acceptable coverage, The

combined list contains 563 institutions. These in- . -
stitutions offer approximately 1600 individual cur- .-

.ricula.

Institutional Classification

~ The institutions .offering educational progfams-

~in engineering technology are of various types,
They belong primarily to one of the followin_g o

: classiﬁcationsv:j S

1. Moneteehnieal Inetitdtes.‘-Siné’le,- purﬁo'se: in- R
stitutions having engineering techno ogy edu * Associate

tion as their ',sole-}i_n‘sti_tutiopalvobjecti‘\_r_e.’_.‘-‘ R
- 2. Polytechnical Institutes, Institutions with a =

variety of objectives related to technical and

.occupational  fields, including programs related
to business, health, or public service as well as .

* to engineering.

Curricula . =
- “Associate

3. Comprehensive Community Colleges. Com- _
munity and/or junior colleges which include in
their offerings various occupational-technical
programs as well as “university parallel” or
“transfer” programs,

4. Universities. Senior institutions (univer-
sities, colleges, or other, regardless of the actual
names of the institutions) which include asso-
ciate degree programs in. engineering - tech-
nology as part of their offerings, either on the
main campus or at a branch campus,

The largest propbrtion of enrollments is found in

- the comprehensive community colleges, although

curricula having accreditation by the Engineers’
Council for Professional Development are found to

the greater proportion in monotechnical and poly-
technical institutes, :

Table 2 summarizes some of the general charac-

. teristics of the approximately 560 institutions

which offer associate degree engineering tech-
nology curricula. ' .

Table 2. Geheral ' Characteristics of - Institutions which

Offer Associate Degree Engineering Technology
Curricula - R : :

iate Degre> Engineering Technology.
degree engmeermé technology ‘cur-

ricula, although they differ fromone another in'

- certain . respects, -have’ many: characteristics in

common. ‘For example, a recent study of a selected




" national sample of 120 such curricula! revealed
the existence of a basic structural profile, that is,
a common pattern of curriculum structure based
on the number of gemester hour credits required
in various curricular areas. The 120 curricula
studied were identified as programs of qhality
which were perceived to have potential influence
on the future of engineering technology education.
Subsequent data tables and figures in this chapter
are all based on this sample of curricula.

Definition of Curricular Areas

The primary purpose of the study just men-
tioned was to discover the extent to which various
subject matter areas were treated in associate
degree engineering technology curricula. The defi-
nitions of curricular areas used for the purposes
of the study are as follows:

Technical specialty. Technological subject matter

content in an engineering technology curriculum in

which a student concentrates study; the “major” of &
curriculum. For example, technical specialty subject
matter in an electrical technology curriculum usually
will include college courses entitled “electrical ma-

chinery”, “transmission networks"”, “microwaves’’,
and the like.

Related technical studies. Technological subject
matter content in an engineering technology cur-
riculum related tv an area of technology or to the
development of gkills to support a technology, but
not directly related to the area of gpecialization;
courses which support the major. Basic electronic cir-
cuits taught to mechanical engineering technology
students is one example; introductory drafting is
- another. o

Technical sciences. Subject matter content in an
engineering technology curriculum having its roots
in mathematics and basic science but carrying knowl-
edge further toward applicability; courses designed

to supply the core of technological knowledge the -

student needs in his chosen profession. While more

limited than the “engineering science” of a profes-

sional engineering curriculum, the same areas are
included. For example, the technical sciences include
such subjects as “applied mechanics”, “gtrength of
materials”, “fluid flow”, and the like.

Physical sciences. - Chemistry, physics and integrated
courses in chemistry and physics.

Mathematics. Subject matter content beyond the
level of “intermediate algebra”; ‘“college algebra”
and other mathematics subjects including trigonom-
etry and calculus which have college algebra as a

co- or prgrequisite. : .
Communications. Subject matter content related to

grammar, rhetoric, speech, technical writing, and
other phases of language except literature. : :

—————————— .

1 This study was ‘conducted during the spring of 1970 v

by the staff of ASEE's Engineering Technology Education

Study to provide background information for the Advisory

Committee. The 120 curricula studied, although not neces-
sarily selected to gatisfy statistical eriteria for randomness
or representativeness, were deemed appropriate for the
purposes of the investigation. They included 18 identifiable
technical disciplines, were found in a variety of institu-
tional settings, and were reasonably distributed by’ geo-
graphic region of the country; 71 of the curricula had
been accredited by ECPD. For a more detailed description
of the sample and & complete report of the study, see

Jesse J. Defore, Technician Monographs: A Collection of

Papers and Research Studies Related to Associate De-
gree Programs in Engineering Technology (Washington,
D.C.: ASEE, 19711), Chapter 2.
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Humanities/Social ‘Studies. Subject matter content
related to literature, the arts, philosophy, history,
sociology, political science, and the like. .

Other studies. Subject matter content in a curricu-
lum not classifiable under one of the preceding cate-
gories;. these include R.0.T.C, physical education,
life science, foreign language, and “free electives”
not identifiable by category.

Findings from a Study of 120 Associate
Degree Engineering Technology Curricula
Table 8 summarizes the structural character-

. istics found for the sample of associate degree

engineering technology curricula in terms of the

number of semester credits typically required in

"each of the curricular areas just defined. The table

lists the range of requirements found to exist in
the 120 curricula studied, the mean (arithmetic

Table 3. Structural Characteristics Found in a Sample of
120 Associate Degree. Curricula in Engineering
Technology*® .

averagé) of these i'eqﬁii'eménts, and the mode
(highest frequency) of the requirements; the
mean has been adj usted to the nearest half-credit

for convenience In reporting. ‘
Figure 1 gives some insights into the ‘kinds of

structural variations and central tendencies which
existed in the group of 120 curricula "on which
Table 8 was based. Figure 2 displays graphically
the structural profile. of these engineering tech-
nology curricula in terms of ‘modal credit hour
requirements, The mode was used on this diagram
because it is the more useful statistic to describe
usual practice and has the advantage of easy in-
terpretation in terms of the credit values normally
assigned to college courses. Three major content
areas in the curriculum can be identified. These
are the technical courses (including technical spe-

~ cialties, related technical- studies and technical

gciences), basic science courses (including mathe-
matics and the physical sciences), and mon-tech-
nical courses (including communications, human-
ities, social studies, and other such content). Fig-
ure 3 shows the proportions of the curriculum

Y
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"l‘otal Crednts in typlcal currnculum 72 semester'hours

Figure 1. Distribution of Semester Credit Requwmcnts n Selectcd Currlcular Arcas m 120 Assoctato chroe Engmcar-

ing Technology Curricula.
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typically devoted to each of these major areas and -
to their components. Associate degree engineering
technology programs, even though they may vary -
~ somewhat among themselves in their emphasis -
_ w1thm the three major areas, are highly consistent
in their pattern of dxstrxbutxon of requxred credits
‘into these major curriculum areas, It is noted that

the total nontechnical content is restricted to 20

- percent, leaving 80 percent for the math-scxence-,
' technxcal content of the currxculum '

Consnstency m Currlcula Exammed

_ The curriculum structures of assocxate degree :
' engmeermg ‘technology programs are often quite ‘

similar in detail as well as in the general distribu- o ‘

tion of credits into the technical, basic science and .

‘ non-technxcal areas. Examlnatxon of mdmdual cur-’

Fagurc 2. Motlal Structural Proﬁle Found for a Samplegf
of 120 Assoctatc Degrco Engmcermg chhnology Cumcula. .

" CREDITS IN SEMESTER HOURS
: - 1 12 14 16 '} 24

E Technlul Spoelnlty
J'ellm Tnhnlul Studlu

‘ :chhnml Sclonm :

) '_Physlul Sclonu

Nnhentlcs
Comay lculem ; o
v uunnltlulSeehl Studlu

Total Technical Credits (Technical Specmlty, Related Tech-

nical Studies, Technical Sciences) = 40 semester. hours-‘_,
- Total Math-Science-Technical _Content = 58 semester hours
) ~or 80 percent of curriculum ‘ . -

, cunfmum'_kke_n‘ ‘“_f"j]

'TOTAL' TECHNICAL -
e STUDIES

40 . .7 48

riculum outlines as published in institutional cata-

logs or bulletins reveals that many associate degree
engineering technology ‘programs have profiles

- which trace major sections of the modal profile

shown in Figure 2. One possible explanation of
inter-program consistency can be offered. ASEE’s

Characteristics of Euxcellence (the McGraw Re-
.- port of 1962) suggested certam guidelines for the -

“-structure of engineering technology curricula, An

- illustrative curriculum was presented, showmg a

possible’ dxstrxbutxon of course credxts in certain

curricular: areas (see page -1, herein). That -

" suggested dlstrxbutlon is shown in Table 4, to-
gether with correspondmg data for the curr1cular

‘areas of -the modal engineering technology pro--

- gram discussed above. Examination reveals a high

dégree of correspondence between items. in- the
table; the 1962 McGraw Report has evigently had :
Can apprecxable directive influence on the evolution
of assocxate degree englneermg technology educa-‘

tlon programs

Currlcular Dlﬁerences m Programs ,
Indmdual assocxate 'degree engmeenng tech-

nology ‘programs’.'sometimes -~ have - ‘eurriculum

_“structures which deviate from the modal pattern

--In the sample of currxcula studied, certain’ factors :

seem related to varlances in structural profiles, :

..One: factor which: can”be associated with such " 5
varxance is. the ‘institutional settmy—monotech-
nxcal mstxtute, polytechnxcal mstxtute comprehen- o

a currxculum 18 otfered The currxcula found ‘in

monotechmcal mstltutes, polytechmcal institutes

- and universities have quite comparable structures; )
however, currxcula in comprehensxve commumty} R
colleges generally differ. from the others in certain -
- ways. First, commumty college programs tend to
be shorter, requxrmg fewer total credxts for the

( r«.\




Figure 3. Distribution by Major Content Area of Re-
quired Credits in a Sample of 120 Aaaoctate Degree -

Engineering Technology Curricula.

Technical Courses
- 55%
Technical Specialty (33%)
Related Technical Studies (11%)
Technical Sciences (1195) -

Basic Science Courses |
25%

Physical'Sciences (1‘1%') '
. Mathematics (14%)

N on-'l‘echmcal Courses
20%

Communications (8%)
Humanities/Social Studies (8'/0)
o Other (4%) -

associate degree. Secondly, community college cur-
ricula generally list fewer requirements in the
math-science, the technical, and the humanistic-
social areas. And ﬁnally, communlty college cur-

ricula usually permit more credits to be earned as -

free electives or “other” content. When these di-

vergences become severe, the curriculum may not

justify designation as engineering technology.
The technical dzsctplme on which the curriculum

placesemphasis is another variable mﬂuencmg cur-

riculum structure of associate degree engineering

technology curricula, For example, electrical tech-

nology curricula are- llkely to require a greater
proportion of their credits in mathematics and the

technical specialty than are mechanical technology -

curricula; the latter, on the other hand, generally
have substantlally higher requirements in the “re-
lated technical studies” area than do electrical

technology curricula, even if offered at the same -

18

‘ 'I‘able 4 sttrxbutxon of Credxts in’ McGraw’s “Illustra- .

. Curricular Area

. Physical Sciences -6y BT - 8 58
Mathematics = = 12) . 10} |
Communications - . S : | 6] .
‘Humamtles/Socxal Studies' - 6} 15 - 6p 14 -
Other . 3 =+ o2
Currxculum Total 72 Sem. Hrs, 72 Sem. Hrs.

- 1nst1tutlon Varlatlons of this nature are not un--
. expected. o e

"Currlculum Trends for Assoclate Degree

~ sophistication and complexity of the technological

- programming”’, “apphcatlons of data processing”,

‘grams. Second, the published curriculum guides

‘out this document, for the trend has seemed clearly

- literature, however, did not use this curricular
. .area as a separate category. And third, there was

“observed a reduced emphasis on skill courses. Pub-
] llshed curriculum guides showed such subjects as

a course in drafting, however remamed a part of
_most currlcula .

S

1
- -in..
. 3

tion” and in the Modal Associate Degree En-
gineering Technology Curriculum of 1970

Semester Credit Hours

Suggested by Modal .
McGraw, 1962 Program, 1970

Total Technical Studies -~ = 39) . 40)

Curricula

Several currlculum trends in assoclate degree
engmeermg technology education programs were
noted. These trends may be related to an increasing

environment and they may have: 1mportant 1mph-
cations .for future developments  in engineering
technology education, First, subjects with titles
such as “introduction to computers”, “computer

and the like were found in many of the published
curriculum guides for engineering technology pro-

tended to'give ‘separate identification-for course-
work belonging to the “technical sciences” area.
This classification or area has been used through-

established ; the McGraw Report and other earlier

“machine shop”, ‘“‘welding”, “wiring”, and the like
to a lesser extent than earlier had been the case;




Section 7
. l :

Desirable Characterlstlcs of

Assoc1ate Degree Englneermg Technology Curr1cula

- An‘associate degree engmeermg technology cur-

riculum is a special purpose, collegiate program of
studies, normally of two academic years duration,

which prepares engineering technicians to ass1st

engmeers or to provide independently the support

- for engineering activities, * Such.a curriculum de- :
sirably provides education of such quality, scope

and depth that its graduates will have acquired .

the knowledge, skills and competencies to enable

them to contribute substantively and immediately

to their employment situation. In addition, the
associate degree engineering technology curric-

ulum desirably provides a base from .which in-

dividuals can adapt and change as their work
. roles change within an evolving technologlcal en-
vironment,

Minimum Criteria' for Two-Year -
Engineering Technology Curricula
The Advisory Committee has concluded that the

“Curriculum Summary” of the 1962 McGraw Re- .-

port (see page. 7, herein) remains valid in terms

~of the minimum requirement of 60 semester hours,

At the present tlme, many . curricular- variations
exceeding this minimum exist with the obJectlve
either of increased technical speclallzatlon or in-
creased breadth; for example ‘the modal curric-
ulum of 1970, reported in Sectlon 6, included 72

' ‘semester hour credits, Nevertheless the Advisory
- Committee believes that a currlculum of quality -

can be planned that will not exceed two academic

years; such a program might be limited in some
institutions to 60 semester: hour credits. Ac. -

-cordingly, the suggestlons in th1s report for time

allocations within an engmeermg technology. pro-
.gram will be expressed i in terms of academlc years -

" rather than credlt hours L

" Curricalum Components for an |
- Engmeermg Technology Program

. -An assoclate degree engineering technology cur- .
‘rlculum is regarded as having four . major cur- -

- ricular subdivisions, as follows (for detalled deﬁ-
‘ mtlons, see Section 6) : L o .

- (a) Techmcal Studtca, which mclude the maJor tech- : b
" . nical- specnaltnes, related techmcal studnes, and the: .

technical sciences.-

. .(b) Basic.Science Stndtea, whlch mclude mathe- -
and the physical'

matlcs, apphed mathematlcs,
sciences.

-~ (e) Non-techmcal Studtea, whlch mclude eommuni-,'..v' ’
“cations, humanities, social scnences, ‘and other llfe- L

- oriented subject matter. -

(d) Imstitutional Elcctives, whlch may mclude ad- o |
dmonal techmcal basic scnence, or non-technlcal B

studles, ROTC, physlcal educatlon, or other con-
tent considered necessary to.maintain the integrity

. or achieve the special purposes of an. institution of v
higher educatlon .

The inclusion of “techmcal sclence" in the com-.
ponents of the engineering technology curriculum
is an addition to the concepts of the McGraw Re-
port. Study of the technical sciences will, it is be-
lieved, substantially enhance not only the im-

: medlate competency but also the long-term tech-

nical viability of an engineering technician, ren-

" dering him less vulnerable to early obsolescence

About one-third year ‘devoted to the technical
sciences is suggested as a factor that adds strength
toan engmeermg technology currlculum

A Suggested Currlculum Gunde '

The Adv1sory Committee suggests that an asso-
ciate degree engineering technology curriculum of

quality can consist of the components and time. -
- allocations as shown in Table 5. It is emphasized
that the recommendations:in. the table are for a .
L two-year, associate degree program in engineering =
. technology; curricula which may be technically
~ oriented  but which have. educational objectives
.outside the domain of engineering technology edu-
- cation may be expected to. differ in length and
; pattern from the suggest;on shown

Qualnty and Level

of Assoclate Degree Programs

There are many: factors other than . the. currlc-

“ulum that influence.the effectiveness or quality of

an engmeermg technology program for the asso-

_ ciate degree. It ia'well to emphasize that level and
'quallty are not the same, Level refers to- the ‘pro-,
© . gram’s goal, which is: clearly different for two- .

" year and four-year programs, while quality is a
.~ measure of goal achievement.. The goals for the

.associate degree must be related to a reasonable .
two-year accompllshment of typlcal entering stu- .
dents and is therefore related to standards of ad- -
- ‘mission. Remedlal ‘work ‘may ‘be’ provided. for .a -

,mmorlty of the entermg students ‘and if prereq-
-’ulsltes are fully. mamtamed the quallty of the
. . program should not suffer.’ Such remedial work

" would’ extend a student’s program beyond two aca-
R demlc years R I :

| »’:'lFaculty Quahﬁcatxons

" Of équal lmportance to the posslble achlevement ‘

: level of the students is the achlevement level of the

i Cog

e \-}
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o _'Table_.‘sk. A Suggested Curriculu_m Guide for Associate Degree '\‘Curriculalin EngmeermgTechnology el

" Curricular Area -

'_,-'~( e

Approximate Time Allocation SO
o m Academic Years ’

"Technical Studies

“ Technical Specialtyv (courses m thc
‘ technology major) e S
Related Technical Studies (courses S

" Technical Sciences (topics fromthe . .-

Basic Science Studies

Mathematics (algebra, trigonometry,
calculus, applied mathematics)

"N on-technical Studies

Communications (English composition, :
speech, report writing) - o
- Humanistic-Social Studies (literature, :
art history, economxcs, etc )

Instltutional Electlves

Subject matter to satisfy special
mstitutlonal purposes o

which support the technology major) - ko

area of the engmeermg sciences R '

Physical Sclences (phyg]cs’ Chemistry) B gl PR

- Aboutyear .

. Tototalzyears

"faculty Dedlcatlon to teachmg 1s an essentlal,:_;:*‘
.characteristic, but: for. a- speclahzed ﬁeld of en-
gineering technology education, both the : educa-".
tional level of the. faculty and: thelr mdustnal or

. other related experlence ‘are- addltlonally 1mport-

. ant. Based upon the concept that the teacher must

~ be educated to a higher, level thanthe subjects he

‘ teaches presently available’ teachers for the tech-
-~ _nical 8ciences and other applied. sclences, techmcal
;speclaltles and related technical ‘courses- ‘must: be

" largely engmeers or engineering technologlsts wnth
“enhanced math-sclence backgrounds It.is far more

o .important'that the’ faculty have'a conslderable L

| “background of practlcal experience. currently;ir

- lated to the ﬁcld ‘being taught than' that'it: provrdev"
a high percentage of advanced: degrees for catalog’

. display.: Of: course, .the! quahty of"mstructlon is
. influenced’ by, the time the faculty has available to
. instruct, to discuss ‘and. to courisel with studen
W Except for reduction or; ab'sence‘ of a research d

. mand upon the; faculty, there is'no Justlﬁcatlon for *

'f.,'_-'hlgher teachmg loads,/m engme ring ‘technology
T h

It i8:widely. accepted ‘that associate-degree en
_gmeermg techmclans remain in strong demand b:

L AbOlltlyear : SR |

_'g'ment brary holdmgs, computer tlme avallable to s
‘faculty ‘and students, or :even’ dollars - .spent per‘*;, B
student. It is’ sometlmes possible ‘to build curric- - -
ulum: emphasrs to: reduce the mﬂuence of oneor -
two physical inadequacies, However, a reahzatlon .

that both level and quahty of an engmeermg ‘tech- -

nology | program are related to physlcal factors will'
put these fa_ctors rn proper perspect ve and hope-;: L

nical institutes’ have ‘prowdedl;




Section 8

Characteristics

that Differentiate
Between |
Baccalaureate Educatmn
in Engineering, |

and
Industrial Technology

The first need is to define with clarity' the ﬁeld
of baccalaureate engineering technology education.

The key word involved is “englneermg , an-ad-

jective used to dlstmgulsh the engineering tech.
nologist not only from such -specialized profes-
sional groups as medical technologists but also to
protect him from. loss of identity in the broad
field of industrial applications of technology. Be-
- cause the distinguishing adjective is “engineering”,
it is necessary to affirm the most significant ac-
tivities of the engineering profession to which the

'engmeerlng technologist by name and by deﬁmtlon .

is closely related.

| Engmeermg. A Creatlve Professlon

Engineering has’ always been applauded asa
creative profession, . Ancient temples, ‘bridges,

aqueducts medieval churches, and ‘early sky-.
scrapers represent a - continuing sequence .of
creative accomplishments paralleled or followed.
by mechanical, electrical, chemical, aeronautical,.

nuclear and space acluevements of fantastlc bl‘ll-

- liance. These are stars in the englneer 8 crown and-
‘no one doubts that there are many more to come, ' =

They also add luster to the technicians who con-

. tributed . to each success. In_an earlier- ‘age, cre- .
ative technical - achlevements depended ‘upon -the . : -
genius or ingenuity of a. single mind; a combina- ‘
tion sclentlst-englneer-techmclan who was often
master craftsman as well.. Today, technologlcalyf- S
teams ranging from: three or four: individuals to. -
" hundreds may coordmate thelr efforts and pool." .
. their ideas to achieve a plann ad goal. The invention
- and production of new.technical accompllshments;_;f
are the responslblllty of engineers. Supersomc air-
- -craft, nuclear power plants and - space exploration - : -
‘are examples Sclentlsts ‘will contribute. concepts .
-technologlsts ‘conduct- pilot : experlments tech.
" nicians control ‘quality, and’ craftsmen’ performv," h
* essential workmanship; but the creative applica- -
~_tion usually generates within. the minds of en.. -
. gineers who  bring together sclentlﬁc knowledge e
i "and practlcal art to answer a need or produce a.

Engineering Technology,' | "

new: product.lThe fplanning: and organi'zati_onal .
capabilities of engineers then contribute to the
~economical multiple output of such products for

broad consumptlon, an equlvalent englneermg

» achlevement

L The Scope of Engmeermg Currlcula

_ The purpose of accreditation of ‘engmeerlng cur-
ricula should be to assure an education that will

produce engmeers who can create or who can plan,

organize and manage highly sophlstlcated tech-
nical enterprlses Such training may reach an
excessive depth for some who enter more stand-

ardized activities, but all who are educated as en- -,
: gineers should have the potentlal of contrlbutmg .

- .to soclety at the. upper. technologlcal level which
herein is termed creative: englneerlng ‘It is neces-
- sary, therefore, that accredited engineering cur- -
ricula include science . and mathematics of con-

siderable sophistication, atleast. through differ-

" ential equatlons, and engineering science — in
breadth to cover nearly all its areas and in depth ,

for the area directly related to the curriculum

major. In addition, humanistic and social studies |
are specified, not only as part of a liberal educa-.

tion, but also that the engineer may communicate
and work eﬁ'ectwely with others and recognize the
impact on soclety of his. work. These objectives

carried out in full measure would fill a four-year
" program of study allowmg for .a few elective

courses of special interest to the individual. How-

-ever, to develop his potentlal of creative accom-
- . plishment, the engineer needs appreclable study -
- of synthesis or design mcludmg systems analysis

-and exposure to the art of engineering ; or for some

~ the opportumty to penetrate deeply into.a limited
area which may 1n1t1ate a career m rescarch or
: development . )
© . The subdivisions of the engmeermg curr1culum
as discussed above are mherent whether the time
- spanis four or five or more years These character-

istics, therefore, define an engineering currlculum

.~ and may be used to. differentiate it from a bacca-
‘laureate program in either engineering technology

. or indv=trial technology, or more readily from an

engineering-technician program whlch 1.; usually '

' of about two years 1n length :

- ;The Scope of Baccalaureate Engmeering
' -Technology Cumcula S |
, If a baccalaureate currlculum of englneermg :

, _technology is to produce graduates who can work = .
closely with engineers, and a’ter adequate experi-- | -
'.’_,‘,ence accept responsxblhty for : production’ of ‘en-

- gineering work, there ‘must be cons1derable over- - .
‘lap’ between each engmeermg technology currie- .
_a ulum and the related- ergineering ( curriculum, The
“engineering. technology mathematlcs requlrement S
" need:not be as advanced as engineering mathe: -
" matics’ but it ‘must’ prowde an'adequate base fora =~ .
-,;;,reallstu, study of physlcs and chemistry. This will - .- -
~require a study of the elements of differential and .~
,mtegral calculus but not of dlfferentlal equatlons
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except for a field such as electronics. Even so, the
courses in mathematics in the baccalaureate en-
gineering technology curriculum will normally
avoid som: of the mathematical rigor considered
necessary for engineers. In turn, this will .influ-
ence the content of the engineering technology
courses in physics and in technical science even
though the titles correspond closely with compa-
" rable courses for engineers. It seems unlikely that

the four-year engineering technology curriculum

can provide time for more than a very limited

approach to engineering analysis and design, The
remainder of the curriculum will be needed to-
provide the engineering technologist with at least

as broad a liberal education as is extended to en-
gineering students, sometimes including the ele-
ments of supervision, and with a reasonably ex-
tensive coverage of the art of the field including
production methods and equipment.

The Scope and Objectives of
Industrial Technology Cutricula

One interface of engineering",technology'eduCa-‘

tion is with educational programs of industrial

technology. As stated previously, industrial tech-

nology programs evolved within departments of

industrial arts education where some continue, but

others have independent existence in any one of
several colleges. Since the ASEE Study was not

planned to survey curricula other than engineering

technology, it has been necessary to rely upon pub- -

lished material in order to delineate the boundary

Interim Reports, from which a few excerpts are

given herein as Appendix ‘A. The ‘abstract also -

provided considerable information . applicable to

trial survey.. .

" Definitions. It is useful to compare definitions
of engineering technology and industrial ‘tech--
" nology. For engineering technology the accepted. -

ECPD definition is as follows: ..~ - ° .
Engineering technology is that part of the = '

technological field whichlrequi‘res._thé'applica;-, IR /
~ tion of scientific .and engineering. knowledge - .

‘and methods combined with technical skills in "
suppost of engineering activities; it lies in the .
. occupational spectrum between the craftsman:

closest to the engineer.;. ...

‘support of engineering activities”.

v M

“Several .interrelateri definitions of indvstrial - "

California State Cclleges Report i Appendix: A.

- Forexample: =~ o ool
.7 The graduate, through having knowledge of .

~/of ET and IT Education

~ and the engineer at.the end of the spectrum- -~ -

product, and: other facets of general manage- '
ment. The technologist supervises operations
involved in. the development of a consumer
product, or its movement to the distribution =
“point, and even making it acceptable and popu- -
. lar on the open market. Some curricula offer
" variations in the business portion, permitting ..

a sales emphasis’, for example.. = - . ‘
According to the National Association of In-

~ dustria] Technology:.

The curriculum, even though built on technical
education, has a balanced program of  studies
_drawn from a variety of disciplines relating to
industry. Included are a sound knowledge and
--understanding of materials and manufacturing -
_processes, principles of distribution, and con-

. cepts-of industrial management and human re-
. lations; experience in communication skills, -

-~ humanities, and social sciences;. and a profici-

~ ency level in the physical sciences, mathe-

matics, design, and’ technical skills to permit

the graduate to capably cope with technical,

. manqggrial and pm’ductipn problems. E

The Principal Thrust of

Industrial Technology Education |
Al educational programs are designed to
achieve - certain goals or- objectives. Educational
programs considered -occupational — iricluding
professional — define one of their ‘principal goals
in terms of some area of employment, or it may be
more narrowly stated in terms of a particular’job.

_The goals statement is an important characteristic -
- . that differentiates educational programs, =
- The key. phrases for industrial technology edu-

area between engineering technology and indus- - _ cation, according o the California State Colleges

trial technology. For this purpose, a current and - .
most useful study of industrial technology is the . :
“California State Colleges Report of 1970.. An au---
thorized abstract of this report, in considerable. -
detail, was reproduced in the Preliminary -and .

" Report, are’“occupying the mid-ground between

engineering - and. business' administration”; and

““emphasizing the -applied aspects of industrial
_processes and personnel leadership”. These objec. .
- tives are sufficiently removed from “in support of

engineering activities”” to make necessary different

_curricular emphases in industrial technology from
. those of engineering technology. Both types of

. 0 . . A o c Py . a . . ! g . .
engineering technology, including a useful indus- urricula vary over a wide range so that each is

best described in terms of a-*‘median” or “modal”

~ curriculum. Also, the. emphasis upon “breadth” -
in ‘industrial technology, which' contrasts with
- “gpecialization” in_engineering -technology, can
~.best bedescribed in terms of broad curricular
- groupings, such as math-science:technical content -
; :'vqrszcg ‘non-technical :'_cOntelr‘xtg_'-including,‘Lmanag’e;

" Charts that Prosent the Interrelationshins

i .

5. o,

S | Lo, .ot 0o The'logicof the analyses provided.by the Cali-.
" A key phrase for' engineering technology is “in .. . fornia State.Colleges: Study: of - Industrial ‘Tech-

) tiv TN nology: and - the. relative; consistency. of ‘the re-. -

“sponses to its industry questionnaire /(see Appen- -
technology are. quotsd- in: the excerpts from the - dix A) “have led:t6 ASEE's use of the CSC study.
- "as indicative of the development, status, and indus-

*" trial acceptance:at this tinie of industrial technol- .
" ogy education. The. CSC.Study and its industrial .

" basie industrial skills, is oriented towards as- " " R surveyfortunatelyalso include sufficient attention - -
" gisting and directing the development program, -~~~ -

| “» - to engineering technology for .one to ‘draw'conelu- .
. the flow of production, the distribution.of the - . .

- sions’as to- the "ljélatiye_'pbsit»ibn’;f'g'ta'ggjallyi; being

Q".




assigned by educators and employers to IT versus -

ET education. ‘
Figure 4 which accompani:s this section has
been prepared by the ASEE staff to illustrate
graphically the interfacing, as suggested by the
CSC Study, of industrial technology education and
engineering technology education, and their ex-
ternal interfaces with engineering education and
business administration. Also in Figure 4, a corol-
lary diagram of employment depicts the external
interfacing of ET and IT with engineering prac-
tice and with production. The counterflow arrows

on the education diagram illustrate “increasing .

management training and business studies” with

Figure 4. Interfacing of Engincering Technology with
Engineering and with Industrial Technology.

Figure 5. Majbr Interfacial R,eldtionshipa ‘vin 'chjch_nology

Education and Employment® . ~ =

sNote: This diagram is to be. read from left to- right.

The vertical positioning of various blocks merely illustrate

* interfaces. The entire diagram is properly viewed as being. ..~

in the horizontal plane. Only major interfacial relation- .
ships are indicated; each block bears at least some rela-:

tionships to each other block; also, industry representatives . B
emphasize that work assignments inevitably blur the inter-- -

facial boundaries shown.

_ movement toward the right and increasing “math-
- science content” with movement toward the left.
Similar counterflow arrows on the employment - .

diagram point out the “increasing use of mechan-
jcal and management skills” with movement to-

- CSC questionnaire.

'Ward the right and ‘_‘inéfeasing conceptual activity
and use of theory” with movement to the left.
Figure b adds a number of additional interfacial

“relationships not possible on the simple diagrams

of Figure 4, This diagram is to be read from left
to right starting from pure science -and ‘moving

through engineering into the technologies which-

finally interface with production. Note that science,

' engineering and systems. management interface
- with mathematics, that industrial technology in-

terfaces importantly with business administration
and with engineering technology but less directly

-with engineering, and that business. administra-
tion as well as industrial technology and en-

gineering all interface with the management of

systems although from different approaches., At - "

the bottom of the chart it proved illustrative to

list the steps of creative change initiated by re-
search and developraent which interface at the left -

directly with science and engineering, followed by
the steps of testing, pilot plant experiments: and

prototypes, and including more detailed improve- -

ments related to production shown at the lower

right side of the diagram. There are, of course,

many more interrelationships, but these would re-
quire a three-dimensional model for illustration.

- Figure 6 presents for comparison purposes the
“median” curricula for industrial technology and
engineering technology. The curricula illustrated
are not likely to:be found in exact duplication in

_any college catalog. However, the IT curriculum
~ -zpproximates the median or mean ‘suggestions of
.+ the CSC study, 50% math-science-technical con- .

. - tent, and in agreement with industrial preferences .
- for_ breadth, 50%- non-science content including .
manegement..The ET curriculum follows closely . -

the recommendations of the McCallick Report (see

Section 3-B) which gives more emphasis to.tech- "

nical specialization, 70% math-science-technical

~ sponses in the CSC.Report (see Appendix A) of

those companies that preferred a ‘“specialized”
curriculum, i.e., 46% .of those ;jesponding‘ to the

Accreditation -

‘Separation of ET 'and' ',_IT,Cui';_ic'ul'a for |

- .. The preceding analyses appear to justify con-: -
" cepts that the educational goals of ET and IT. . -
- curricula differ appreciably: and that the central .
~ “IT: objective of “production ‘management” versus.
_the ET objective of “‘support for engineering ac- -
" tivities” .will be sufficiently reflected in’ bacca- -
laureate educational curricula to require applica- - .
tion of different criteria’ for accreditation, If, as .
~seems reasonable, institutional individuality can- .
be ‘expressed -adequately within - the ‘major ‘sub-" - -
¢ divisions of (1) math-science-technical studiesand -+~
'(2) non-technical studies including management, .
_a clear-cut accrediting operation can be achieved.. .~ ..
“The real distinction between an IT math-science- -~ "
.- technical content of. about 50%. versus an ET - "~
. math:science-technical - content .of approximately = - .
70% can"be the main curricular criterion for .

content, and which agrees with the industrial re-- B
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Figure 6. Typical Technological Curricula of Differing Objectives®

"

*Based upon curricula of 120 semester credit hours exclusive of Pliysical Education and ROTC. -
*Each cell rep;esents 6 semester hours credit, i.c., 3 credits taken for one entire academic year.

separating these related educational areas, Much ~ categories, Essentially all teachers above the rahk

flexibility should then be permitted within these  of instructor in schools of engineering possess
broad curricular subdivisions because of the diver- ' master’s degrees and a majority hold Ph.D/s.
sity of employment opportunities open to each - New additjons tothe faculty will be mainly Ph.D.'s
category of technologist. L or.doctorates in engineering because of research
The goals statement and curricular content are * . activities'and design orientation, Experi¢nce asan
not the only criteria for distinguishing related employment credential for engineering faculty is
educational programs, The educational and experi- receiving increased emphasis, but as an addition
ence backgrounds for the faculty and the special- to rather than as a substitute for the doctorate.
ized laboratories and equipment needed for proper Faculties  for. baccitaureate prograras -in engi-
instruction are equally important criteria. These = neering technology shculd have a majority of en-.
will be discussed as factors that can also con- gineers with practical experience relevant to the

tribute to program differentiation. , curriculum. Programs. in -industrial technology
: : L : ‘are less dependent upon engineers for instruction
and may be staffed largely by majors in industrial

Faculty Differentiation - " arts and practitioners from industry including

Faculty characteristics provide an important = Some who have had management training or ex-
means of distinguishing between the purposes of =~ perience. Faculties of two-year technician educa-

educational programs in the several technological tion programs are more mixed in character. and de- -
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. probable that faculty. - differentiation’‘can and
- should be a major factor in distinguishing between

- pend upon the uniqueness of the program, It séems - - ardization f ' names- or. designations:of .technical.
curricula; programs or - degrees has occurred, In
this report the'titles engineer, engirieering. toch
‘Mologist,- industrial ‘technologist and: engineeri
‘technician are related: to education programs de
fined'in terms of lenigth; faculty, students, fac
tiesand curricula. Section 8-C has reviewe

_ .. the areas of technological ‘education- eing: con:
. sidered here, - ..o o

- Types of Laboratories Required’
2/ 'With some’ exceptions, laboratories

ovio Some exceptions, laboratories in engi-' . mendations on terminolog
-neering  show »a . 8trong -orientation’ tow X= ) r

important in other areas of technological training
Some -engineering: laboratories_are:used ‘for the
-training- of baccalaureate. engineering ;. technolo-

‘perimentation’ or research, an : emphasis not a8

-7 - gists, and even more of such exchange seems useful
. “because the engineering technologist must: be:pr
~:>-'pared to work closely- with engineers; Perhaps.an
.. ideal-arrangement would ‘be for -the baccalaureate

ETamS, a pra
 be somewhat confusing;

- bring to the technological team ‘an understanding
7+ of engineering experimentation -and a'knowledge
.. of practical production ‘techniques. Laboratories:
" .designed. :exclusively: for::teaching. engineering
+ . technology or industrial-technology may. inclide
working. models’ or ‘actual’ production: equipnient:

.. not commonly found in engincering laboratories.
i+ Of course, measuring. devices: and: testing . equip
., ment lend similarity to:laboratories-having quit

¢ different purposes;

~ Names-of Curricula and Degress -
A8 of now (1972) very little influence for stand

8 ,4 B - 25




| -"'_"-.Baccalaureate

s Technology

,:.V,of Technology Programs BECELRR

T Programs -
. The intent of ECPD was s to permxt rather w1de
diversification in baccalaureate programs- and to-
provide for further experlmentatxon ‘It now: mayli
~ - be: ‘helpful to- _analyzeé ‘the: characterlstlcs of .the . -

: cu1rent baccalaureate programs which _were ac-.. .
credited:.on the: basis of - pubhshed crltena for

Section 9' S

- Survey

-~ of Current
- '_Engmeermg

Fee Programs

o '.;“'Currlcular Comparlsons

from specxally compxled data furmshed by these

institutions, In addition, data. were obtalned in the
same manner from a selected group ‘of ‘non-eval-

‘uated: and, therefore, non-accrednted ‘institutions

to' permit. comparisons" between accredlted and,~

T -__;’_non-accredxted currlcula ST

When ECPD ‘decided in - 1966 to evaluate andv :

T accredlt ‘baccalaureate technology programs,. it
7. was, antxcxpated ‘that’ ‘several’ "types of - .educational .

' i .'programs might develop and,; ‘at a'later date, a se-

. lection might be made of the most successful. How-'

. ever, the accredited and the not-yet-accredxted but

- apparently ‘accreditable’ -engineering' technology

thle baccalaureate educatlonal programs based' ;

 on mathematics and science and designed to pro- - -Jf‘addltlonal two years'for (1) greater specialization -

duce graduates for’ 1industrial’ employment dateﬁ.j-‘-tm & partlcular technology and’ (2) inclusion’ of

- back at least to 1923, those designated as baccalau. - o
: ‘some general ‘education ‘courses: ) “Some’ general, .

o _ reate engineering technology programs were de- L

| I veloped prxmarxly in: the last decade

o ECPD Accredltatlon

o To encourage experxmentatxon, an ECPD com-,
R r,mxttee made’'the followmg recommendatlon ‘which'
~ECPD adopted in 1966: “ECPD -accreditation: ls*
~‘based on compllance with's mmxmum criteria’ esta
' hshed for curricula of not: less chan two academic
- years’ duration. These crxterxa are applied regard-
" less of the total length’ of: the curriculum beyond
. the two -academic’ years: ‘and, thus, are applicable
~ tocurricula which ‘may lead to exther the associate -
‘or_the baccalaureaté dégree.” The ‘procedure of: a8 in busmess or management
o ‘usmg the same: crxterxa for technology ‘programs - IR
-~ of varying length was considered to be’ consistent
- with'the procedure for evaluatmg engmeerxng pro-~ L

S nology cumcula had’ 12 to. 15’ ‘semester credit

o grams of varying length

' The first: baccalaureate engmeermg technology;i'“‘; "f- .
-’algebra, -one in" trxgonometry, and two courses in

" analytic geometry and calculus -In addition, there
~::'sometimes. appeared a.course in computer: science,
: ,statxstxcs, or.an additional advanced math course )
. for some technxcal specxalty, such as ‘electronics,
. that’ ‘requires: a stronger math background Ap- _
,»[‘.proxxmately one: ‘semester. or- about'12: ‘percent of .
" “thecurriculum was found to be devoted to mathe-_ :
‘" matics. '

Co ‘currxcula ‘were accredited by ECPD in 1967.. By -

- 1970, twenty-seven cumcula in’ twelve mstltutlons'iq .

. were.so accredited. In addition; ten curricula at-

- three'other institutions had received. “early recog-'

. nition” by:the Engineering Technology Committee

... of ECPD as candidates for’ accreditation, or had'

. “‘reasonable ¢ assurance of accredxtatlon when all cr1--, .
terxaweremet IR RRR L

R Characterlst_lcs of Currently Accredlted

:”technology programs of two or. more years in-oe
.. length.": _

" The data for this analysxs were obtamed from,'_lf
'catalogs and other published . materlal visits to -
the campuses of some twenty mstltutlons, and

, ,{;,.f'courses ‘are frequently requxred'
o ,.‘.;.‘.for all baccalaureate: graduates

Mathematlcs

‘curricula’are. remarkably slmllar ‘Essentially, all
' baccalaureate currlcula mvestlgated utilized -the

the mstltutlon .

-The‘curricula’ investigated : ranged ml{" length;.

[RER from about:124 to'135 semester credit hours; with: . .
. .;j,":.‘-.'--an average of about 130" hours “Associate’ degree‘ :
- . curricula range: from 60 to more than 80 semester .
~credit:hours ‘with an’ average of - nearly ‘70 hours.
”"',Thus baccalaureate ‘curricula’. requxred ‘about- 60 -

_credit-hours more than assocxate-degree"

: "programs' : Within: this_constraint, and after pro-
.. viding courses: for some greater. depth in. the tech-,,‘,',-,-_
.~ nical. specxalty and greater breadthin related tech- . -
-".j.-mcal courses, along with' the: addltlon of- requxred'- o
- general  education: studxes, there 'was: lxttle oppor--
E .tumty for a concentratlon ‘of other courses, such-

Accredxted baccalaureate englneermg tech-

hours of - mathematxcs consxstmg of a- course in- -

- The . algebra and trlgonometry courses were -

" 'found most often to be the standard courses taken
7 byall students The analytlc geometryand calculus .

courses were likely' to be “applied”. and developed

o especlally for the. techmcal students Itisnottobe . |
-‘expected that these. ‘courses!'are’ taught ‘with the

same rigoror: msxstence on. development of theo-

~-rems’and proofs as the calculus courses taught for-. R
engmeermg students. Lo i

“Additional ‘concepts: of mathematlcs

for: electromcs curricula, the most popul r: of all o

_'f'_technology programs S

| :'peared to
o ,-..,be taught in -the technical science- .and technical .
- specialty courses. Agam, this was, partlcularly true



Physncal Science
‘The requirements in basic science were found to

range from eight to twelve semester credit hours
or about six to ten percent of the currlculum Gen-
‘ erally included were two courses in physics taught -
- with an algebra base and typical of physics courses -
taught for students other. than those in physlcalf. '
science’ and engineering, Chemistry was . fre-
- quently, -but not always, required and was. gen- .
““erally a single introductory course ‘with a labora- o
tory. This course, like the physlcs courses, was'_;
‘generally not developed or taught for technology. :
students alone but included students in the non-"

science dlsclpllnes in other ﬁelds of study

- _'_“_.»__Techmcal Science

It was more dlﬂicult to 1dent1fy the technlcal -
“science portion of a curr1culum, for these concepts : .-
may be included in courses in. the - technical spe- = -
' clalty and related studies. Technical science, like. - -
-engineering science, has its roots in mathematlcsgr_._i .
and basic sciences. ECPD crlterla for engineering -
currlcula deﬁnes englneerlng sclences as follows o

Dngmeenng scnences have thexr roots in mathe-
. matics and basic sciences but carry knowledge
" .. further toward applicability . . . in engineering
o analysxs, deslgn and synthesxs (ECPD 1969
P 64) SR S et :

.’ nlcal sciences in these words

In- these’ courses the technologlst leams the;',;”" L

_ theoretxcal characteristics and properties of de-:
. . vices, systems,. structures, ‘and processes,.as

well as the appropriate methods for. _analysis .
' " mechanics, electric curcuit theory, ﬂmd SR

mechamcs, thermo-dynamlcs, ete. . . '~.~". B

o Techmcal sc1ence courses may have the same or ; _:-f
Lo slmllar names as englneermg science courses, but-;-_-r _
" ' the content cannot.be the same because of the dif---.
~ference in the amount and the level of mathematics - -
" and basic science in- engmeermg and englneerlng._.,..;:-_"

E technology curricula.

: ‘The investigation revealed that engmeermg}_”-
- technology curricula often contained three courses -
-+ —_'nine semester credit hours, or. about 7 percent
‘of the total. credit" hours — in’ technlcal science.
‘. These courses were - frequently hmlted to ‘those
_ that had direct applicability to. the: technlcal spe- . .
. cialty, Breadth of coverage did not’ appear ‘tobe
. one of the objectives of the engineering, technology ..
" curricula ‘examined; Additional technical science.
- may have been included in the: technical speclalty.;_ﬁj'
" courses; but it is doubtful that the technlcal science . -
" content of most: of ‘the ‘accredited - baccalaureate,;'i’
. curricula investigated was equal to 15'percent as” .
.recommended by the McCalllck Report (see page,:l N

' 8 herem)

B ;;.gCurrlculum Summary

S The lnvestlgatlon undertaken here revealed that'v.‘,. R
~ine 1970 those. baccalaureate engineering technology;_ R
Lo . programs ‘which ‘were accredited by ECPD..con- .. -~
o Pgisted.of: the: subdivisions- listed in" Table 6 and . -

- ‘,dlscussed in'the foregomg paragraphs It istobe .
'_I_femphaslzed that ‘the . 130: semester-hour program~ S
7outlined is: representatlve ‘of ‘current (1970) ac-- .
creditation; In; line- with- -recent’ tendencies; it-is = ..
not’ 1mprobable ‘that some: 120 semester-hour. pro--. = . "
‘ grams will be proposed and accepted for accredita- -~
o tion: Also, in: agreement ‘with-the: accreditation . -
.-procedure -in’ engineering, ECPD may prefer to.
. specify. less than four years'of the program, thus: -
encouraging . experlmentatlon ‘and. - flexibility in = -
. curriculum design, There is even greater justifica- - -

- tion for flexible criteria in eengineering technology ;.

n°engineering . .education ‘because ET. cur- R

: ‘-"rlcula are’ admmlstered An several colleges ‘The .
,obJectlve ‘here has not- ‘been: to: speclfy minimum - -

~criteria: but to: .présent ‘a’ plcture of ‘a typical or =~

. modal- currlculum ‘that ' carrled accredltatlon by*{

.ECPD in1970."

'-Techmcal Speclalty and Related Techmcal
Studles :

Technlcal speclalty courses cons1st of those m'
the technical major, e.g., electronics; related tech-
~."nical studles support th1s technlcal maJor, eg.,
'-'-.mechamcal courses. taught for an electronics

major, or. they may. be’ intended to.develop tech-

* nical skills, e.g., drafting. These courses are de- -

fslgned to" develop the ability - to. utlllze ‘mathe-
;matlcs, Dbasic science, and . technical science, includ--

- ing knowledge, methods, and skllls 1n a partlcular SRR

. field of ‘technology: R
“ ' In the curricula exammed the total semesterf' :

R credlt hours devoted to ‘the’ technlcal speclalty and |
" “related technical studies: ranged from about 40 to' =

BB Thours, or from 80%: to 42% of the curriculum.. -~
: ‘Currlcula which had the lower percentage in tech- -

" nical speclalty and related technical studies usually, A
had a: higher- percentage in' technical science and .
.‘conversely. The difficulty of: separatlng these areas =
-of .the curriculum suggests it may:be more mean- -~ .

ingful to combine’ technical’sciences; téchnical spe- ..
‘cialties and related-technical’ stud1es into one cate- -
"gory of courses that’constitute ‘about 556:to 65 - .
o credlt hours, or from 42 %’ to 50% of the program S

g "':'_'.',__,';.?_.»-.jiGeneral Educatlon and Other Studles

o 'The remalnder of the typlcal currently accredlted ST :
currlculum was found to consist of about 26 semes-.

 The ¢ Tepo " of the Commlttee for the Develop-:":".\'..f :-'ter credit hours; or.about 20%; of: ‘general- studles;p,-;.- |
. ment of Guidelines for Evaluation and Accredita-" ;".mcludlng communications and:socio-humanistic S
" tion of Four Year Programs in Engineering Tech- - studies;:and: about ‘20 ‘somester ¢redit ‘hours, or-
. nology Education .(see Sectlon 3 B) deﬁned tech.".- - 18%, of other specified ix on-technlcal subJectS and/ SRR
AR Soor technlcal electives. - A

than'in’

Teclmology ¢

27

a not accredltable by ur--;“ifj,_: S
o rent ‘ECPD cr1ter1a were found generally to con-
tain' less mathematlcs (in’ many’ ‘cases, only one-: °
'half as. much), about Lhe same amount of baslc\




" Table 6. Sun
cal Currently Accredited Baccalaureate Engi-
neering Technology Program (1970)

‘ I " Semester. :

- .Curricular Area - - Credit Hours .- Total Hours = .-
' Technical Sciences, Technical B L

Specialty, and Related = - 60 -t 4B%

. Technical Studies R D
Mathematics = ST U 12
Ba'sic'Séience w010 . R :'8_5 IR
"' General Studies © . 25 - 20 S
Other Speclﬁed Non-techmcal : IR :

‘Courses, e.g., ROTC and

Technical o 20 2 . 15 :

Electlves ‘

TOTAL

- science, - considerably - less techmcal ‘science” and
somewhat more technical speclalty or.related tech-

~ nical courses than accredited programs. The addi-

‘tional emphasis on: technical courses-often- ap- " - .
_ peared ‘designed. to develop. .a “higher; order -of
-technical skllls, such as draftlng ‘The other speci-'
fied courses, which:-may: have constituted . 20% to. -
2569% of the curriculum, were-often’ busmess and:j;" :
management related courses. Such extreme vari- .
_ations are not usually termed engmeermg‘ tech-.,’,v

nology

Faculty Characteristics

“The characterlstlcs of the" current faculty at:.in
stltutlons ‘with: accreditable ‘engineering’ .technol

‘ogy curricula varied widely from institution to in-.
:stitution and tended to'reflect the origins. of the -

.program If. the background ‘was Industrlal ‘Arts

Educatlon many, faculty members_had educatlon‘,
degrees 1ncluumg some doctorates: If the program'*_'
‘grew from a former techn1cal program Or voca-
" tional-trade program, some .of the faculty were -
" craftsmen without’ collegiate degrees.’If. the tech- . -
nology program was closely alhed to ‘or.was; split~
from an engmeermg program, many: of the facultyé R
-were engineers with B.S.'and M.S. degrees ‘Newer . -

‘members_of ‘the faculty may ‘have ‘had-a:B.S.in"" »
# " eliminates the:less able, 1nd1cates ‘that ‘students

;,.‘]'of low! academlc potentlal in. other curricula'prob- -
‘ably: would not be : successful “in-bachelor’s” pro-
. grams in engmeermg technology A posslble excep-
- tion may be transfers: from engineering curricula.
'vData from' two'institutions  indicated that low. .
ch1evers in the’engineering, program transferred;
designed to_produce technologists “in support of | in small: numbers’to“the engineering: téchnology
‘some  engineers are con- : -
- sidered essential to teach the technical science and. -
" specialty courses. The 1962 report; Chaiacteristics: RS
. of Excellence in’ Engmeermg Technology Educa- .
“tion, states: “It is the Committee’s: opinion, that”
approxlmately half the faculty members teachmgjf
- .the: technical spec1alt1es should be . graduate en-
gmeers or. the equlvalent ¥ This’ recommendatlon ;o

technology -and an ‘M.S. intechnical :education; = "
" There were nearly always a few faculty members :
with degreesin mathematlcs, physlcs, chemlstry or ..

other sciences"'

Proportlon of 'Engmeers on the Faculty g L
' Because’ engmeermg technology currlcula ‘are. -

' engmeerlng ‘activities”,

‘which'is not a part of current’ ‘ECPD. cr1tema, has

“apparently not been followed by :all; msfntutions:“-“ o

-‘with accredited: engineering- technology curricula, -
However,, it - 1s nored that recent addltions to

Summary of Curricular Subdivisions for a Typi-"

Percentageof

. '130'sem.his. 100% -

technology faculties have tended to be . welghted

_“heavily with engineering graduates. Thus one may

expect this recommendation to be achieved within

" the next several years, The engmeermg “flavor”
‘of the technology curricula 1nvest1gated appeared' :

‘to be related to the presence of engineers as faculty ‘
' members because ‘other: technology ‘programs
N --,'taught by faculty w1thout engmeermg degrees
) ,were ‘observed to be of adifferent character. - ‘

The “Excellence”- report ‘cited above’ states A

‘ mgmﬁcant proportlon .of the faculty must” have.-, :
 relevant industrial .experience," reasonably. cur-
" 'rent.” A review of the blographles of the faculty .
from some of the 1nst1tutlons ‘without'a. long tech-
: _.J=_n1cal tradition discloses that this recommendation

i sometlmes more a hope than a reahty It should' i
. -receive, mcreased conslderatlon RS

"" ?:.Students Aptitudesﬂ;:

~'The: accredlted baccalaureate engl eermg tech- L

= nology programs for which’ data’ ‘were' avallable .

- attracted- ‘students - wnth -about. the' same: ‘range .of =
j’facadermc aptitudes, measured -by.: standardlzed v
» _tests, as'other college: freshmen and transfers As; U
" a ' whole, technology students suffer by comparison
Soin academlc aptltudes only when measur d agalnst},
,-s_'engineermg ‘studeits. - < o
. -.;While :the average‘ ‘score . varied shghtly : from' Py
it'.-"'_1nst1tutlon to' institution, the ‘mean score of . the

averages' of -entering: students ‘of “all- mstltutlons_»-'-".
‘was_‘about’ 22 on ‘the’ American College Testing
.,('ACT) ‘program;or. about 1000 on the Scholastic . -
‘Aptitude’ Testing: (SAT)‘ program Enterlng en-
glneering students at some of these same 1nst1tu-'-"f'-

about 1100 on SAT One 1mphcatlon of test scores' :
"~ of entermg engmeering technology ‘students ‘that -
::':_'places__ them with the average of -all entering stu--
+. 'dents in'the. institution is’ the1r apparent ablhty to
complete successfully standard or. all-umversity.f'
+ courses:in: mathematics sclence‘-'
i and soclo-humamstlc subJects ;.

.The academic. potential of entermg-.englneerlngt;':'.“ |
technology students, andthe rigor of program that

. program:and most, were successful in:completing
o :~-~the technology program However, transfers from 3

g {;Itlon, of course is the” rapldly growmg number of -
g ’..‘transfers W1th assoclate degrees from Jumor col-
lege techmcal programs : T

Student Interests o

"No - statlstical ‘data” were ‘:obtamed ‘that 'rwoulu‘
measure ‘the:: mterest -patterns of engineering -
technology students or dlﬁ"erentlate the1r mterests E

mumcatlons, S



| - differentiate between potential engineering and .

" meaningful comparisons of laboratory equipment. r 1
7. A number of institutions were req

. - or physical science progr

. - institution

_© . A qualitative evaluation of
- oratories visited indic

" than toward research or-experimentation. Because ': -
~ of the perceived need to:develop:technical skills, - - in
“there . frequently. were extensive ‘production 'or . . reate graduates from a'nu

not disclose a, single title'

. becoming increasingly available, there.appears to. ~appear |
. be a small ,_tren;_l_tov_‘vard_ f_rr‘i\o_'r,e‘; standa.rd .9",99#:’% el

from engineering students. Both engineering and

engineering technology educators stated that the

technology student had a greater interest in “hard-
ware” or equipment and consequently in-labora- ..
tory and technical skills, However, it appears that
it will take especially knowledgeable and compe-- -
tent teacher-counselors or admissions advisors to -

engineering technology students. At the moment, .
‘aptitude 'in science and achievement -in mathe-
.matics appear to be more reliable indicators.than . .
-interest patterns in machines, structures: ‘or . .
" electronies. . - - T

.~ Laboratory Equipment and Other Facilities
- No adequate data were found that would permit - .
. and facilities between various kinds of technology -

programs or between technology and engineering -
ams. Square feet of ‘lab-. .

- oratory space, value of equipment, and other data =
~“usually submitted as part of the evaluation for. -
" ‘accreditation’ vary-so:widely from: institution to' .

" institution —even for similar programs —astobe .

- essentially useless for differentation. ' i o

‘the .technology lab-
e dicated_ that, in-general, they’
" were oriented more toward production or testing

“ shop laboratories and large: drafting rooms. With; - S
‘commerecially' manufactured laboratory, equipment .

- While educators struggle with
- and .descriptions of ' educational programs, em-

~word “‘engineer” "

‘neer, customer, engineer,. m

nician” or

" mental or demonstration 'Iaboratories in technol-
- ogy programs. ‘ : ' R ‘

tors struggle with px;eéi':se.:aéﬁn‘i'tiﬁi.{é o

ployers and employees inindustry and professional

_practice apparently  see engineering as a. wide .

Spectrum of activities encompassinga wide range'

 of positions. The 1960 census recorded over three- .-

" quarters of a million ;persons who ¢lassified their..- =

. occupationas engineer even though more than one-.. " -
third of them had only.a high school educationor : .. .

. less, Similarly, employers classify many positions. =~

neering positions although'the incumbents ~ -

as. engin
often are not engineering graduates:."; = - oo
uested to fur- <

 nish the titles of ‘positions offered o their bac- . '
. calaureate engineering’ technol
. data supplied indicated that

f the graduates were .o

flered  position with the
‘title; Examples of titles

the. title: Examples
ngineer trainee, sales engi- -,

were j ‘miioxj}_fen'gine' )

and manufacturing engin

“technologist,” RO
‘descriptions of .certain  civil - service' .-

ogy graduates. The =~
bout three-quarters. =~

aintenance engineer, . . .
r: Essentially the same ~ """

using thé words “tech- . -
although.these titles'do ~. ...~




Section 10

Desirable Ch_aracteristics of Baccalaureate
Engineering Technology Programs

" The overall educational objective of engineering

i Goals"'and Objectives

technology education is stated in. Section b as
follows : : : ' Lo

"Engineering technology education is designed
‘to educate tvo-year, associate-degree engineer-
ing technicians and four-year, bachelor-degree
engineering technologists either to assist en-

gineers or to provide independently the support - - - -

for engincering activities. . . .

. ‘The technologist, with a baccalaureate degree
" receives a more intensive education than the tech- -
nician in his technical specialty, an education of

more breadth because of the two additional years,

and of greater depth made possible by additional

~..courses in mathematics and {echnical sciences, He . .
" is capable of independent action in performanceof =~
" technical activities and is, therefore, often found -

in supervisory positions over: technicians and -
-draftsmen. His background in general or liberal -
 studies' equips him for positions in' technical sales:”
and other. positions in which skill in' public con-".  :
" tacts is' desirable. The engineering’ technologist * .-~
performs many of ‘the same kinds of activities as : -~
. the engineer but at a different and often later .
‘stage in the progression from concept to product, -
The engineering technology educational pro- .
‘gram has the same elements as the ‘engineering - ¢
~ educational program: mathematics, basic science, "
- technical science; technical specialty and related .-
technical studies, communications and . socio-hu-
_ 'manistic courses. The essential curriculum content, = <
. mathematics and basic technical ‘science, ismotof -
‘the same rigor or depth as in engiueering. There-:
fore, only the activities in the field of engineering
(including design) that do not require-'a soplis- -
~ 'ticated math-science background'can.bejperformed R
~ independently by the technologist, This is- the -
‘thought that lies behind the statement “to assist’
engineers or. to provide independently the support .-

“for engineering activities.” . -

Desirable 'Charaétériétics of i,Bacvca‘lau'réatev o

Engineering Technology Curricula =~ .

~ The engineering technology study has clarified -
the need for curricular flexibility, especially at the

baccalaureate level, A suggested curriculum guide

for a baccalaureate engineering. technology pro- -

gram is given in Table 7. - -

" The Advisory Committee in arriving at the

recommendations in Table 7. generally accepted:as ~
desirable the curricular: subdivisions used pre- ..
viously in Table 6 and Figure 6 but found it neces- -

sary to provide ranges to encompass certain highly

specialized curricula such as electronics, engineer-

e leh\"fltalt‘hematllcs. “The - approxi

 ing technology. It will be recalled that Table 6

represents curricular ‘subdivisions of a typical

baccalaureate engineering téchnology program as
~ currently accredited by, ECPD and that Figure 6
~ illustrates a median curriculum based upon the

industrial survey of the California State Colleges

~ Study of 1970 and the McCallick report of 1966.

Cusif'ed"inv tb‘e' fou(‘s'v:y;in'g:.. l’?,a.l.'agr#p,_hs; S

Table 7. Ranges of Time -Allocation Recommended for
... Four-Year Engineering Technology Curricula -

-~ lytic geometry and calculus.: ‘Other: subjects in:

" mathematics, statistics, or. computers may be in- :
" cluded when needed:to strengthen’ the foundation
for. subseq.uent"t‘;echniqgl_ subjects. L h

" Basic Science.. The approximate one-third aca-
" ‘demic year of physics and chemistry or other na-
* tural sciences should be at alevel consistent with
~the objectives of: the program. Although science
' requirements have usually been limited to physical

sciences, an increased interest in life science or '
‘environmental science is anticipated. The study of -
" basic sciences should .add: to the foundation for

- subsequent technical courses. - -

* Technical Studies. - Approximately two years of -
 the. four-year program may ‘be devoted to -the
. technical sciences; technical ‘specialty 'and : related‘ .

Recognizing the severe inter-disciplinary problems
facing. society in the 1970’s, the - Advisory Com-
" mittee recommends achievement of the maximum
practical breadth in curriculum design.. The: ele- -
ments of the suggested guide.of Table 7 are dis-

matics. “The X \ nefhiif aca.. o
_'demic year of mathematics should include college
algebra; trigonometry and selected topics in ana-




L .\_l”"-z-,":_‘Admlssnons to Baccalaureate Programs

technical studies. The technical sciences, like the
engineering sciences, have their roots in mathe-
matics and the busic sciences. They should provide
the avenue for understanding the theoretical char-
acteristics and properties of devices, systems,

structures, and processes, as well as the appropri- -

- ate methods of analysis. They should not be limited

to those courses having a specific relevance to-a -

particular technical specialty. The technical spe-

cialty courses and courses that support the tech- )

nical major should enable the graduate to mterpret

- in pract1cal terms, the results of engineering anal-

~ ysis and/or design. They should be up-to-date in =~ -
the current state of the art in a particular tech-
nology. They should provide a basis for the grad-

“uate to d1stmgu1sh between sound and unsound
_ practlce Co o

_ Non-Techmcal Studles.. The approxlmately one

- academic year devoted to the area:including com- = -

° munications, human1t1es social sciences, and elec..

~tives outslde the major should reflect and be con--

- sistent with the institution’s general educational ~

~objectives, Within' this allocatlon .a- limited - se-,,};

- quence of management-related courses: may be in- "
cluded. However, the. objective of breadth'is’ com-- ©

. promised 1f such courses are themselves essent1ally L

: techn1cal

) Upper Dmsnon Work To quallfy as a bacca-;; -
T .laureate curriculum, at least.one-third of-all’ the =
" .courses in.the currlculum, excludmg unrelated re-
: '.-"qulrements suchias physical education bit’ 1nclud-j-;'.' N

_.ing courses in. ‘the: technical spec1alty, should- be .

" upper . division courses. Upper ‘division- (third andf"_i o

B '_fourth year) studies are generally those which re- . -

- quire e1ther lower division- (first’ and second: year) ..
" workasa prerequ1s1te, or the mastery of a body of .
- knowledge necessary . to ‘understand:and "’ success- o

‘ 'fully complete the upper d1v1slon _studles .

_ Degree DeS|gnatlon. It is recommended that the L
‘-;degree deslgnatlon for the curricula include.the
- term ' “engineering’ technology,” although i, is. 0

D '_',clearly recognized that curricula with other names

. -~ and.degree designations ‘may meet or exceed the "
‘f;",recommended<nm1mums .and 'be a’part’ of ‘the ' ... :
i famlly of engmeermg technology e ducatlon al pro- “courses are not’ requ1red ‘to have: advanced de-.-.f_ SRS

R grams -

o The adm1ss1on requ1rements for entry 1nto the._'
. baccalaureate. engineering technology curricula‘at ' .
. -“either freshman or Junlor-transfer level should not .
- be lower' than the general’ admlsslon requlrements‘ S

algebra, the entering student should demonstrate
proficiency gained by high school study of algebra
and plane geometry. for ‘a total of -at least two
years as a prerequisite for enrollment in this pro-

~gram, Credit earned in remedial study should not |
be used to fulfill the criteria for an acceptable en- B
- gmeermg technology currlcula . . e

High school. courses in chemlstry or physlcs

. while not now" " generally  required - for. entermg
C technology students, are highly recommended

'.Faculty for Baccalaureate Programs

Tt is- axlomatlc that faculty members should s

" know ‘more- about the subject :matter ‘they are -
: »_'teachmg than the students are expected to learn. . .
_ This is self-evident for courses in communications,
"soclo-humamstlc subJects, mathematics and basm' fn
science, Technical sciences, the technical. speclalty-' I
»vand related technical’ courses-drawmg as.- they o
. do"on’ mathematics: and’ basic science — require-
T faculty members who have mastered mathematlcs K
.. through' rigorous: courses in dlfferentlal and qn=
tegral calculus, who have a comprehenslve knowl- BEREE
edge of fundamental s¢iénce and technical science "' . !
"..."’based on. this. higher ‘level. of mathematlcs, and” .
“-- who'have an advanced’ ‘knowledge of .their techni- . - L
“cal spec1alty acqu1red both by advanced: study’ and
- “relevant experience. It is recommended that one-"- FICRI
- half of the faculty teaching the technical'sciences; .= . i
'technical speclaltles, and related techmcal studlesf_t L
" should have at least one degree in englneerlng (or. i
engineering " technology ‘with ‘added science and: - . S
fvmathematlcs) in order to teach their’ subJects w1th DRI
‘the necessary. dimension of demonstratlng techno- -~
, a}loglcal relatlonshlps to engmeerlng ‘activities. T
f.;-Further ‘because technologists are expected tobe: -
A -.f-*"-;"‘,‘lmmedlately useful :to their employers,: all facalty .
© < 'members’ teachlng ‘the ‘technical spec1alty courses': R
- “are ‘expected. to: have had sufficient -recent. and ©
0 elevant’ professlonal ‘experience to’ train:the’ stu=co
;;_dent in"the current practices:and: equ1rements';-_i,':.,';_"r;- L
‘ f'.of mdustry : P

“’grees:but are: expected to ‘be ‘artisans: or masters
w2 of the1r ‘crafts. ‘Howaver, . they should- represent‘;_._’:_-‘ .
_"_‘_f:.',.only a small fractlon of the total‘ technology RN
s _;faculty S - , R
Baccalaureate eng1neer1ng technology educa-lv-»'
'-»_;,....tlon, w1th its: emphasis:on- problem ‘courses,’ par-_»'.,', o
t1c1pat10n ‘laboratories -and -technical . skllls, re-.
quires a’sifficient number of faculty to provide ' == =
-adequate attention to‘each student. The: student-" .-

" 'tothe institution of which:the.technology} program . ‘faculty ratio for technical courses: w1ll vary, de- " -

L s a part ‘Technology ' students “should. have the -
. experience of competing:successfully’ with :other* :
- university students, but not usually with engmeers,w'_ ity

- pénding on:the nature of. the curricila and courses,_ T :l' _ "
" but' should not’ exceed; the: institutional. ratio ‘for "~ .
‘those:science: related ‘areas for which research is .

_in) mathematlcs, bas1c sc1ence, commumcatlons ‘_ -;'-"“-ﬁnota major factor Student-faculty ratios for non<: -
o and socio-humanistic- subJects SRR S G
3 Because the beginning - mathematlcs course in S

",,_'an englneermg technology curr1culum 1s college= "

40 }'Sj ;’.'

"Fl:'.;techmcal ‘'studies’ should ' follow ‘the 1nst1tutlonal.-. :
_pattern because most of ‘these are:courses’ ‘offered '
“to students maJorlng in: many d1sc1plmes L




* e readily accessible and used by the bace

. Supporti_ng -Facilities‘

Tt s par‘ticli'l.ai'ly:ivr'npdrtaht that ihst_rﬁqﬁdn in

. baccalaureate - engineering - technology be. con--

. ducted in an atmosphere of realism. Theory courses

should. be ‘strong. in' problem identification ‘and.
solution, with emphasis on_the quantitative, ana-. °
- lytical approach, They should:be accompanied by ' .
coordinated-laboratory experiences, including :the -
- Mmeasurement,  collection, - analysis, _interpretation : -
~and presentation’ of data. Laboratory ‘equipment .

+ . should include types that would be encountered in‘ " ‘.
. industry ‘and practice. Since one of the objectives -

- of engineering technology. curricula is the develop

~“requirement.” .. :

" 'Equipment catalogs, tra dé""yiha'gaziné_s,‘. and jours

- nals of industrial processes and practices should
alaureate

~ resources, The student should be familiar with the .
. literature of his technology-and ‘encouraged to use ,

it as the principal means- of staying abreast’of the
. state of theart'in"his technological field. . " . "

* by his employer before becomi . er.
- of the engineering team. Therefore, his education -
“must be conducted in appropriate classrooms, lab- -
oratories and other physical facilities by & faculty
dequately experienced in’ practice and supported ~
-'by non-academic personnel.-

’techno'l'ogyi S_fudent. in addition to the usual library

- The computer has become one of the most im-
_portant and versatile tools in‘engineering practice.”

' The baccalaureate technologist as.a part of ‘the
‘engineering team mist-acquire an understanding -
. of its capacities and limitations in his field of tech. -
nology, and should develop. some facility in-its use - . -
* for solving problers. Technology students should
- have access to digital computer equipment, and use .
" ment of  technical skills, each student should:be’ - .- computers :to: acquire 'theﬁ;?'.knovvledg"e'_"'and.'«"'skills"a
- - thoroughly familiar with the use and operation of - o
- the analytical or measurement equipment common "
... to his major field of study. An experierice in the -
- operation of standard or basic shop equipment -—
- ‘-‘lathes,“welde,rs,_ehgi_nes_+_‘do¢s'-pb_t;aloné meet this

. described here

“The baccalaureate engineering '

. ot ‘expected to.require'a long period of training

ore becoming a useful member




N Engineering
- Programs

.. ence background in’ modern engineering ‘eurric- . -
“ . ula. In fact, one would have to “consider  curric-- .
“ula in-use before 1920 to find examples that failed =

" to include a rigorous study of mathematics through- -

. _creased sophistication and extent of modern sei-
- .enceand technology. - T A T R
. . For. a period of several 'years before and after -

' The recent trend to reduce curriculum lengthtoa-

‘. realistic four yedrs -without loss of mathematics:

. and science backgrournd has. squeezed ‘down: the.” . ZOW A © e o R T e ol para-medical’ profes- R
‘ ‘ ‘ ' - the development: of -several. para-medical i profes- ..

" _practice-oriented courses for the:bachelor’s'degree. .~ “C TEL PE of :several. para-medcic: ,
“see sture master’s e~ Sions since. 1960, has riot reduced applicants for - .

*"* It remains to be seen whether future master’s de--
/- 'grees in engineering will' provide additional train- -
~ . ing in design. With the ‘aid of ‘computers, design . ;-
“studies.-can be educationally - more :sophisticated .
.. ‘than the 'routine'practice;'cQUrseS,bf 1950-60. These .

. evolutionary : changes +in"- engineering- curricula .
.~ ‘have been accompanied by :the ~development of
- baccalaureate curricula in engineering technology .. -

Section 11 |

Practical Engineering
versus . .
Technology =

- previous experience although one or. two exc
~tions have beencalled to our attention. = = - .
' The inherent problem is a tacit understanding . "
- of long duration that a rigorous study of calculus, -
* physics'and engineering: science represents a min-

considerable _enrollménts in’ systenis engineering,
another mathematically-oriented curriculum. Also,

" students press for admission to engineering col- - |

Jeges that are highly science oriented. The thought, _
therefore, that practical orientation of certain en- - -~
gineering  department curricula might attract-a -
new-wave of students is not backed by extensive

. ep-

. imum essential for the education of every engineer. - ,: ,} )
' There.is a limited:number of high school gradu-: -

_ASEE Goals Report of 1968, both of which recog- - -
..~ nized the need for a strong mathematics and-sci--

“science prerequisites) acceptable for the study of . - -
- engineering technology at the baccalaureate level, . - -
 calculus, classical physics, and chemistry, which in- .- opens up a much larger pool of high;school gradu-.
. total represented “at that. time about-one-fifthiof - therefors Tor -
*the curriculum, The math-science percentage now . . - erefore, 10r.conce
_ .‘seems to have g‘t:o'wn;tb}.about_'olfie,qi'xg-rtér'-bf{fouxj-“'5:5-"1- 0gy, programs
year. engineering curricula in' response to the in- -

" ates s possible registrants. There is no reason, -

the study of medicine.

. ' engineering science

dents; | to:field and
roduced ', .

" The ad\'rent'ofvaur-yeai"bziccalaureate.'cui'ricma'3 ~-ates'who prepare themselves with the full set of .. .-
. ’in engineering technology has led individuals'and -
- technical societies to express concern over the sci-
" -entific orientation of modern engineering currie- -
+ . ‘ula.;. Without attempting to review history we-may . -
* refer the reader to the ASEE report of 1966 on . -

" Evaluation of Enginéering Education.and the

prerequisites for engineering study and who ‘are. - .

" equally prepared for the rigor of: such study: by .

. commitment to become engineering professionals. .

. The group. may be ‘divided ‘between several engi- .- -
neering departments. and/or ‘subdivided between
theory and practice, but the total number of en- =

- rolled students, in engineering on a. national basis - -

- ‘seems unlikely  to be influenced significantly. On -
" the other hand, reduced math-science requirements. - . :
_’in college: (along with reduced high school miath- "~

rn that the growth of. technol- .~

~'seriously- redu

" in engineering . -\
" The competition of other professions.and of new :
paraprofessions ;wh,icIiEWillibé' discussed in thenext: = =

T

1960, the need for. additional mathematics and .- neering enrollments. The growth of industry and’ - -

* " geience in engineering education was accomplished " - “particularly its.increased technological sophistica-" -~ .-

" Targely by lengthening: curricula until they de- - o should provide for employment of all available-.. .-

" marided more neatly five years of study:than four. . 1¥ engineering graduates in a period when'the ..~ . -
Th ore nearly five years or Sy 8 s .. growth of college enroliments is slowing down and . -

engineering enrollments are on'a plateau or pos- ..
“sibly a declining: curve. A ‘somewhat parallel case, .. °

Transterability of Knowledge

. The industrial interest in practical engineering

‘gradiiates;” who will be immediately  useful upon . " G

employment; conflicts with the objective.of making - e
the years in college as productive as:possible dno

. o 777 terms of training that will have a low degree of - :
S A PR AP S S Y TRIEI D :,TtbbSolés’cencé.‘j'Math'eriia;tics,"English; .basic science, "
- Practical Engineering _»._Qm"ncula,, w s antan oy 5 ha ’

. and analysis have a high de-

IR Theré,have"valvv'ays:'béen‘f,sQiii'e,bd(j:'ca\l‘au_reate;_erj.’ i gre’ev-fbf,ftr‘.ar,'llsferabi‘l.ity‘:.»bdf{many» jobs and a'low : . "
“- ' gineering curricula that diverge from the norm by: "
‘" placing increased emphasis upon engineering prac-. .
. . tice at -the ‘expense .of - either . math-science ;or.
-~ humanistic-social studies. Such curricula have not
' been particularly popular with:students. In fact, er : and imm , e
., ‘over many years the ‘most theoretical or mathe- “+"of ' the graduates. The cost of specialization-is re-" ..~
. matical curricula, electrical or electronic engineer-".. - duce:
" ing, have had the highest enrollment of students;

. and 4 recent wave of. popularity has' p

" d'e’gl%ée]_o‘ff_jpbs;‘oles"_céric.é,;j'.It,g's"ee'mfs,‘likelyb;th'at' these .- |

characteristics: will -continue: to be - emphasized .. -

by -a-large majority of engineering ‘colleges. In ..~
“.: contrast;, technological curricula are designed for . .

“greater specialization .andimmediate ~usefulness . :

“duced transferability’of the graduate from field .~

‘tofield an; :t;hefﬁrobal.)‘i‘li_fyf'oj:‘.'learlier{_‘.qbs_oleScenc_g" R :

section will-‘be more influential in restricting engi-




. grams and by his personal study.

. kinds of well-educated technical manpower,

[Arutex: providea by enic [

v

tachnologists represent related but distinctly dif-
ferent educational products. Tt is not:possible for "~

.To counteract the approach of obsolescence of .
its graduates,-the engineering ,tec}g'no.lo'gy";fa_culty o
'needs:to develop the student’s ;:Onﬁdenqé_??'that"jhe
.can. continue to. learn throughout a lifetime; of -
-employment, both - by enrollment -in- formal- pro-

“one typeof baccalaureate engineering curriculum: "
‘or. branches of a-single four-year: curriculum to .- -
serve . the ° contrasting, objectives -.of . scientific.: -

echnical specialization. The Advisory: .. . -

Technology ; Edu

/ Trade-off Between Theory and Practic
" 'There is an inevitable trade-off: between: trans-
~ ferability of knowledge and. immediate usefulness
inemployment. Among industry’s: needs for al
oF.broad

engineering

" ly trained-engineers and . specialized’

‘34




- cation as-technicians. .

o : ngh-School Males

.- High school senlor boys, when ask d' to expres.s;f_,_

'Secuon 12

Human Source Materlal for
. Englneerlng Technology
Educat1on i

_General Patterns of College Attendance

Currently, ‘approximately 68% of Amerlcan,,,
young men in the 18-24 age cohort may be expected = .
to attend a college or other post-secondary edu- - o

_cational institution. Typical data are as follows: . - axmer

' :40% enter a four-year college; 12%, a two-year,
-~ college; 3%, a technical institute; 1%, a business " * -

- college; 4%, a trade or apprentice school ; and 8%, . -

" an armed forces school (Flanagan, 1966) ‘The: ..~

- proportion of students in technology programs is:

" Engineer i o R RS |
© - High, School Teacher R
"'-',_;'Lawyer el Lo

Table 8. Career Preferences Expressed by ngh School '
. - Males in One Study of Occupational Choice*

~Career D . s
A Career" '

Accountant
- Biologist - e
"-'College Professor o

. Physical Sclentxst S
" Business Man S STt
Physician-- R S
Craftsman . S
K Engmeermg or Sclentlﬁc Alde"

- Skilled: Worker _
s Structural Worker

;.‘School Student (Flanagan, 1964)

relatively small. Estimates-are: that. only about . . it

~ . 100,000 of the 4, 400 000 males enrolled in hlgheri';'"'

- .- education. ‘programs _are. studylng engmeermg_..f

-~ technology or related subJects 'This is only 2:3% :
- of the cohort. Moreover, about 20-30% ofall stu-:

i dents in-higher education . (and more in technlcalf

~ programs) drop ‘out, so ‘that fewer ‘than 2% of =

~the college age group graduate w1th speclﬁcv edu-

" Career. Preferences Expressed b

neermg technology a hlgh prlorlty ‘Table 8 lists

o the expressrons of . choice: made" by high’ school;., S
- seniors in'one extensive study (Flanagan, 1964). It -

- is noted that only one percent of the’ responses in- )
~ .cluded “Engineering or Scientific Aide.” 'On-the -
. ..other hand, the expressed preference for.. “Engi- .
" neer” is remarkable It s doubtless cons1dered i

professxonal or prestige: title.

~ cation is necessary.

o Charactenstncs of Students in Techmcal -

\ 'Programs

i It is revealmg to study the dlstrlbutlon of socio-
~ economic level and academic ablllty level’ of stu-

- dents who recently were enrolled in technical pro- i
.- grams, Table 9 displays the data, where entrles in-

- the table are the percentages of the . total ‘male
“cohort - belongmg to each cell. For example, 5 3% g

,. _of all males in the upper half of the socioeconomic
- ‘spectrum and in the lower- ‘half of the ablllty spec- :

o trum attended a techmcal mstltute ST

rtralts most likely to. be assoclated w1tha1nd1v1duals SN

Percentage of College Age Males _

;Ablllty Level
,'-fUpper Half : e o
'.Socxoeconomlc evel 53% : 17% o

p Studzes (Flanagan, 1966)

"'tl,(,’.“ as'a whole. For. example, they all ‘score high-
_on'tests of visual reasoning,; they are:somewhat '

‘cant lack of cultural interests, and—predlctably— '
‘their “science . 1nterest” scores  on - psychological .
tests exceed the: populatlon mean by at least one
standard dev1atlon : :

;D‘sc"mmatmg Characterlstlcs o

-between these four groups-of technological work-

g achlevement ‘Research scientists have for this fac- -
‘tor a group mean which i is:3.4 ‘standard devxatlons

“above the’ population as a whole, at.the 99.9 per-
_centile level. Engineers score:at the 98 percentlle .

‘level, - technicians at the 82 percentile level, and
other techmcal workers only sllghtly above 50, the
populatlon mean Verbal apt1tude is also a d1s-

| 35

, Percentage Preferrmg

‘Adapted from Pro:)ect TALENT Thc Amencan H1gh

“Total does; not add to 100%, lllustratwe data only '{re -

14 ) U
’rsclentlﬁc-techmcal ‘workers “(ice;, research .scien-"
“% ‘tists, enginéers,’ ‘technicians; other technical work-. " -
~'ers) ;with each other and with other occupational = - ' =
'-’“groups A poss1ble result is' theidentification 'of - .. .

Distribution’ by Socloeconomlc/ Ablhty Cells of the ‘ : -

T Upper Half,’
Ablhty Level i

i “Adapted from Pro;ect TALENT One-Year Follow-up.vb'f‘ S

B The four categorles of technologlcal workers-‘.“::, o

It is: 1nterest1ng ‘to-note. that a substantlal pro-‘-,": Lo lUSt ‘mentioned - have : certain characteristics -in *

S portlon '(48%) of . high school boys-tend  to: plan;fﬁ
. - .careers ‘in- professlonal ‘or - technical fields; .even ..

" though. manpower utilization studies indicate that
R .only 16% of employed males in ‘the 25-29 year age -
T group work in such ﬁelds Accordmgly, because of

- the rigor-of the: educational’ program  and-other

L factors, it appears that only one-third of ‘the’ hlgh
S school graduates who S0: asplre ‘attain planned
" careers for which a techmcal or professlonal edu-”;f

-~ common whlch dlstmgulsh them from the popula-' L

f'less"mterested than the “average person” in-busi-. - ,
‘ness matters, they. display marked interest in out--' - .
‘ door or: shop-related act1v1t1es, they have a slgmﬁ-‘: R

The: factor whlch seems best ‘to dlscrlmmate B

ers-is;- predlctably, mathematics aptltude and




-criminating factor. Research-scientists and engi-
neers score at about one standard deviation above
the ‘mean.. Technicians score at the mean, un- -
schooled technical workers below it. “Sociability”
—an indicator of interest in people, organizations, - -

- and group activities—is ‘another interesting dis- -
criminant; both research.scientists and engineers
- score below the population mean on this"trait, -
- while technicians and other workers"score at'the . -~
- Observations -~ . o ot
. Consideration of the historical patterns of col- ' .
- lege attendance, typical patterns of career aspira-
- tions, and general characteristics: of students in" ..
. technical programs leads to the following observa- . | 1oniiied themselves for admission to engineering
‘tions regarding human source material which may ~~ * poqc mpc o ' ~
-~ have relevance to educators in the domainof engi-. .- ~larger than. the pool of. potential engineers. -

. The Influence of Market Demand

' neering technology programs: -~

It is the belief of the staff of the Engineering )
. Technology - Education Study that the rigorous
_study of calculus followed by the equally rigorous
‘courses. in'physi'cg' required historically of all engi- -

. enrollments that' can and should be lowered. for

- ‘engineering technology' students: The work.of the

. technologist ‘is .usually ‘not sufficiently involved

. with ‘science ‘and engineering theory to require
<.~ more than-an"introductory’ problem-oriented - ap-
-, proach ‘to calculus,: This’ limitation in:itself will
 “.also limit the rigor of the physics course to well
-~ below. that. of . engineering .physics.: The result -

~8hould - be to: attract students who find ‘practical -

- -application of science intriguing but'who have not

- study. This'pd'ol"b'f*"studentsfma‘y*be as large as or -

1. Normal selective admissions policies in educa- = -

. tional institutions' may. eliminate_ many " individuals
. who might succeed in engineering itechrl.qlogyi_iprq- o
‘grams at the associate-degree level,.and’ highly Selec- - - 5 -j*-_vingé orengmeerm g !QQCHh,OIQE'y, may‘-ihﬁdénée '?..the |
":_.’_-.'ch_diqq-:'of‘a_spe_c.ialty_,by students. However, market
- demand at the time of baccalaureate graduation is

.. tive admissions policies may eliminate :potential stu-

. dents for the baccalaureate ' technology programs, . -
. Potential students for‘ﬁ's'sociaté;dqgregprg’g_mmg may . .. . time :
+-appear not b be -“;c?ge;ntiﬁﬂ!ly linclin?g”vgf?e"t';9!;:;: .. displaced by six . to eight years from: the* junior. .
- Inglrom tne lower half-of their classes. Sufficient data - . p.op i 3T e S T S SR I
jare‘lacking;on'a‘minimum-ac_éeptable?_level of previous hlgh SChOOI R4 earSWhen °h,°!°¢ of bro.ad ﬁeld Of B

: ;emplpymeﬁalpng;w;th decision to prepare there- -
0gy.. . . oo c.for may be made, Hence the current demand for
. 2. Students are apt to be:disinterested in English "

- dents of engineering technology. ' .. .:

" - achievement for potential baccalaureate-degree stu-" -

* and sociocultural matters; great skill must be used to

dents as important to their future careers. ' -

nicians have similar attributes in all but a féw areas,
the counseling task is extremely. difficult. =

4. Career aspirations of boys tend to fall in tech- -

- nical areas; routes to satisfy such aspirations at levels
- -, socially acceptable should exist in order to capitalize
" on such motivations, T e

The High-School Pool =~

of Technical Interest and Talent = ~ .

As the mathematical (or” theory)’ 'dexhands “of

" science and engineering education have risen over:

the past decade and'a half, the percentage of col- ..

lege students majoring in'these fields has 'svtea'dily; -
- declined. When it'became clear that attractive ca-
. reers could be had in‘social. fields where the re- - i

quirement for ‘a rigorous study of mathematics
and physics was nonexistent, an increasing per-

© centage’of students has passed. up the hard sci-
ences and. engineering. Efforts to recruit ‘more-
students into science and engineering during the

upper high school years have been unavailing. A
recent survey published in the Journal of Chemi-
cal Education (Snelling and Boruch, 1970) clari- .
fied the fact that close to one-half of students who
choose to major i science in:college have made

that basic decision before entering the ninth grade : |

and over three-quarters had so decided before

entering grade'.eleven. It seems likely _that .the.

-general interest in a scientifically-oriented careeyr:

versus onc less technical is developed in pre-high-
school years. - o
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- Market demand for students graduating in a |
. particular specialty within a field such as engineer- -

. baccalaureate graduates'in a broad field such-as
- i ers be us « .engineering technology has little effect upon the -
. .introduce ‘such vitally nieded subjects into.the cur- . - : : :

- riculum in’ such that th ccepted by stu- - - et derita R -
riculum in such a way that they are accep YS“ .- ther, students who'hgye committed themselvgs to
8. Because research scientists, engineers.and tech-. & field as early-as junior high school are unlikely
\ ~fo change that commitment because of reduced
~ demand or current increase in demand in another

‘number of students selecting the field itself. Fur-

- broad ‘ﬁ'je‘ld_.f'»-} S - I .

- Competition for Professional Talent _.
. Engineering éducators seem confused and frus-
. trated by the reduced interest of freshimen in be-

coming . engineers. At one time the engineering
interest level, measured by the percentage of col-

1 legé:freshmen'enrolled'_in engineering, was double
“that of 1970 and this percentage apparently is still
- reducing.  The ‘explanation is quite simple; there

is an increasing competition from other and newer

- professions.'At one time the bank teller, the store

manager, the insurance adjuster, the bond - sales-
man, the civil servant, the social worker and
other benefit administrators were all self educated -
beyond high ‘school; most are now college gradu-

- ates along with a hundred other careers or para-

professions.. It seems. doubtful that engineering .

“can’again obtain both quantity and choice of qual-
- ity among high school graduates. To maintain

essential capacity of graduates at the level neces-
sary for engineering planning, design and super-

‘vision, engineering schools must continue to em-

ploy selective admission at the freshman, Jjunior-
transfer and graduate levels. The obvious corollary

-is that the engineering profession must accept the

aid of increasing numbers of paraprofessionals to
help carry out the plans it is responsible for creat-

ing and initiating."

neering:students . represent a barrier to increased ‘




Section 13

Assessment

of Strengths

and Weaknesses of
Engineering Technology
Education

Educational strengths and weaknesses involve
matters of opinion. One way to measure strength
is to match accomplishments with goals. In a dis-
tinguished university, a program that attracts
only mediocre students, may appear as a weak-
ness. The same program in a community college
may be achieving a stated goal. In fact, the value
of a program is very difficult to determine if there
are no clearly expressed goals or if definitions are
confused. An area of ambiguity for the entire
field of technology is the careless use of the two
words “engineering” and “industry” and their
adjectives to describe technological education and
its graduates. Publications have been found that
group together under “‘engineering technician ed-
ucation” programs that range from vocational
training to rather scientifically oriented curricula
in electronic technology. Agencies, in particular
ECPD, need to sharpen their definitions. Some aid
is provided by this report.

Diversity and Differentiation

Another problem of coordination exists because
of the diversity of institutions involved in different
areas, levels or types of technological education.
Elsewhere has been described a variety of institu-
tions including non-profit technical institutes, profit
oriented institutions, public vocational-technical
institutes, public and private junior or community
colleges, engineering colleges, separate colleges of
technology, etc., as centers for technological edu-
cation. Any accreditation operation that encom-
passes such a diversity of institutions must be far
more flexible than one designed for engineering,
architecture or law where the educational units
are more uniform in their objectives and in their
curricular patterns, Evaluation or accreditation
acceptable to institutions of great diversity must
be approached with full recognition of this factor
of variability.

It should become a strength of technological ed-
ucation that baccalaureate institutions have begun
to differentiate their programs between engineer-
ing technology and industrial technology. To the
extent that these terms are used to indicate differ-
ent levels of math-science-technical content and a
different degree of emphasis upon non-technical
areas, including management, they will provide

students with a choice between cereer objectives.
These objectives might be stated as (1) close as-
sociation with the engineering process with con-
tinuing growth of technical competency versus
(2) close association with the production process
with increasing attention to economy and super-
vision. Of course, personal factors are often more
important in advancement than education. Hence,
cross-overs occur. However, in curriculum design
and faculty selection, a pattern is set that attracts
or repels students based upon program goals and
student objectives. A clear statement of program
goals should reduce the percentage of mismatches
with student objectives, even though the latter are
seldom expressed clearly.

Experience and Experimentation

One type of strength in any area of education
is that of experience. Engineering technology edu-
cation is fortunate in that there are a number of
institutions, mainly awarding the associate degree,
that have evolved over half a century from voca-
tional schools into rather strong technical insti-
tutes. Usually these institutes have kept in touch
with their graduates and with industry. They have
continuously changed and also lengthened their
programs to meet the needs of industry both as
expressed by industrial representatives and as ex-
perienced by their alumni. Their faculties have a
much higher percentage of graduate engineers
than is common for the technical programs of the
community colleges. Their curricula offer a high
percentage of math-science-technical content in-
cluding extensive use of modern instrumentation
and equipment. Some of these institutions have
greatly influenced the ECPD accrediting proce-
dures for associate degree programs. Their in-
fluence has been on the side of technical strength
closely related to engineering. Since the graduates
of two-year technical institutes do not compete
directly with graduate engineers, the colleges of
engineering have usually encouraged and cooper-
ated with the technical institutes.

Another type of educational strength is the
willingness to experiment with new or revised
programs. The many new institutions and new
programs in the technological field provide the
opportunity for wide experimentation. The re-
entrancve of profit-oriented corporations into the
field of technical education, where many tradi-
tional institutions find themselves in financial dif-
ficulty, is clear evidence that new instructional
techniques are being planned or are under trial.
Cust-effectiveness measures will be developed and
applied by profit-conscious administrators. If suc-
cessful, these procedures will be emulated by other
types of technological institutions, colleges or de-
partments. A great deal of experimentation and
innovation is doubtless being encouraged by fed-
eral grants as is true in other fields of education.
Given time, new strengths should be developed
because of the opportunity for experimentation
that accompanies new entrants into the field of
technological education.
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Influences of Status
and of Faculty Backgrounds

The importance of social status in American

Society and the desire for professional recognition
has drawn some technological faculties into the
delusion that they should emulate engineering pro-
grams. This desire may be stimulated by the ap-
pointment of a large percentage of graduate engi-
neers to engineering technology faculties. It leads
to requirements in math-science that seem in
catalog descriptions to be comparable to those in
engineering curricula; however, such subjects
cannot be taught with engineering rigor without
restricting the pool of student applicants to pre-
engineers. A justification for this approach might
be in planning a transition from an engineering
technology curriculum to one of engineering. How-
ever, the present industrial market would seem
to indicate that a reverse transition of some of
the less popular engineering programs into engi-
neeving technology programs would be more log-
ical. A viable engineering technology program
needs its own goals which should be distinct from
those of a related engineering program.

A weakness in many associate-degree programs
is the residual faculty of vocational background
retained from an earlier vocationally-oriented pro-
gram. This situation for baccalaureate institutions
is most likely to exist in technology programs that
are evolving from industrial arts education. Fac-
ulty strength can be built by gradually changing
the character of the curriculum into one of in-
creased emphasis upon the math-science-technical
areas while recruiting faculty of high competency
for teaching these subjects. Fortunately for insti-
tutions that face this problem, new baccalaureate
programs in.engineering technology and also in-
dustrial technology have proved so attractive to
students that rapid growth of the faculty has been
the common experience.

Student Strengths and Weaknesses

A strength that was found in the baccalaureate
technological institutions or departments studied
was that the engineering technology students com-
pared favorably on the basis of tests and grade
level with students enrolled elsewhere in the insti-
tution. They only suffered by comparison with en-
gineering students in those institutions having a
college of engineeriny, Hence, as compared to all
college studen’s the four-year engineering tech-
nologists are in no sense inferior students. They
need not be compared with students of physics or
engineering who have different objectives. In gen-
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eral, engineering technology students find no un-
usual difficulty in competing with other college
students in courses required of all students, that
is, a core of general education.

At the level of the individual department or pro-
gram, for two-year engineering technology, there
is often a weakness in student achievement based
upon a policy of open admission and elective
courses. It is generally admitted that the percent-
age of all technical students who graducte with
associate degrees is low. This is especially true for
the community junior colleges. One possible reason
why many students take the more vocationally-
oriented courses but avoid others considered essen-
tial for the associate degree is that some educators
defend this as a laudable achievement for those stu-
dents who do not have adequate motivation to com-
plete the program. It is an open question whether a
more definite requirement that each student enroll
each term in one or two courses required for the
associate degree might build confidence and inter-
est and improve degree completion. This is obvi-
ously an area for increased experimentation.

The Continuing Value of Past Studies

A strength observed in engineering technology
education today is that it has had guidance from
several past studies that received rather wide at-
tention. The ASEE study of 1962 for associate
degree programs, entitled Characteristics of Ex-
cellence in Engineering Technology Education,
provided definitions and recommended educational
levels .that have received wide acceptance. It rec-
ommended that one-half the faculty teaching the
technical specialties be engineers, suggested ad-
mission requirements and drew up curricular
guidelines. It may have been overly rigorous in its
standards for many community junior colleges,
but it provided a goal that has doubtless influenced
a large portion of all technological programs. The
fact that the modal associate degree engineering
technology program of 1970, determined from a
study of 120 curricula, corresponded very closely
with the recommendation in the 1962 document
(see Table 4 herein) is evidence that guidance has
indeed occurred, More recently, the 1966 report on
Recommended Guidelines for Evaluation and Ac-
creditation of Four-Year Programs of Engineer-
ing Technology has greatly influenced the growth
of baccalaureate engineering technology curricula,
The “Interim Criteria for the Accreditation of
Baccalaureate Degree Programs in Engineering
Technology” adopted by ECPD in 1970 is having
an impact on the development of such programs.
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Section 14

Conclusions of the
Engineering Technology
Education Study

From the comments received since publication
of the Preliminary Report, it is clear that there is
a widespread desire for guidance leading to ac-
tions that might be taken. Agencies that will in-
fluence the production of technicians and technol-
ogists are at least the following :

1. The junior and senior high schools in terms of
curricular choices and career guidance.

2. The private technical institutes that have helped
establish a strong standard of technical competence
for associate degree technicians.

3. The large number of public community junior
colleges and technical institutions that offer both col-
lege-transfer curricula and technical studies that are
primarily job-oriented but are not excluded from col-
lege transfer.

4. Colleges of engineering, several of which have
developed baccalaureate technology curricula, either
for four years or for the upper two years.

5. Colleges of technolcgy, a few of which have
operated successfully for a decade or more in award-
ing four-year baccalaureate ET degrees.

6. Colleges of education, agriculture, architecture
and others that have offered technological degrees,
usually not designated as engineering technology,
such as building construction, mechanical agricul-
ture and industrial technology.

7. The technical engineering societies that will en-
courage or discourage the education of more tech-
nologists by their procedures of admission to mem-
bership.

8. The interdisciplinary engineering societies, in-
cluding ASEE, ECPD and NSPE, that influence pub-
lic attitudes by recognition and accreditation.

9. Industry, civil service, and organizations that
represent the employers for a majority of technicians
and technologists and that influence both students
and educational institutions through the medium of
employment,

10. Certification and registration boards that exist
for technicians and engineers and which will soon
face the desire of technologists for recognition.

Majority Viewpoints

There seems to be a consensus that for the next
movement upward in production, industry will
need an increased input of technicians and tech-
nologists. Based upon a Bureau of Labor Statis-
tics Report of 1970 (see Appendix B), it is esti-
mated that of approximately one million techni-
cians now employed, about two-thirds perform
work related to engineering activities, However,
only a quarter seem to have as much as two years
of post-high-school education directed toward their

employment. A large number of technicians (esti-
mated by BLS at 1,200,000) will be sought by in-
dustry, government and other employers between
1966 and 1980. This need’ will be partly engen-
dered by volume of product, but it is being en-
hanced by growing sophistication of equipment
and processes that demand more than vocational
skills for construction, installation, operation, pro-
duction and maintenance. Technologists will also
be used for standardized design, in sales, and in
supervision of production, including opportunities
in management.

Competition in Employment

In some of these areas, technicians and technol-
ogists will compete with engineers. However, the
engineer’s background of science and his capacity
for overall design will continue him ina command-
ing position both in relation to the solution of
complex technical problems and in management
where complex engineering operations are in-
volved. Both engineer and technologist must com-
pete with the graduates of other disciplines in
management areas where problems other than
technical ones are controlling.

Engineering educators facing static or declin-
ing enroliments, some unemployment among engi-
neers and reduced job offers to graduates in 1970-
71 would be more pleased to see an increase in
associate degree technicians than in baccalaureate
technologists. Nevertheless, most engineering edu-
cators recognize that the growth of baccalaureate
programs in technology will extend over a decade
or more. Furthermore, it seems likely that indus-
trial growth, together with greater utilization of
technically educated personnel will provide ample
opportunity for both engineers and technologists
in the future. »

In retrospect, it appears fortunate that engi-
neering enrollments in scientifically-oriented pro-
grams failed to grow in proportion to general col-
lege enrollments after about 1955. Otherwise,
engineers would now be serving extensively as
technicians and the public’s concept of the engi-
neering profession would be even more confused
than it is. Large numbers of overeducated iechni-
cians or technologists would represent frustration
for both employer and employee and would prob-
ably generate serious discontent, reverberating
back into the university system.

Curricular Differentiation

Engineering technology curricula generally re-
quire one or two years less preparation in high

_school mathematics and a lesser science back-

ground than do engineering curricula. Engineer-
ing technology students normally complete college-
level studies of mathematics and science with a
different orientation and less extensive theoreti-
cal study than engineers. These courses may also
be of an applied nature. Hence in the technical
science and technical specialty subjects, profes-
sors teaching technology cannot probe to the same
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depth in theory as engineering professors but
must give greater emphasis through laboratory
and skill courses to established methodology and
practice. These variations are quite adequate to
differentiate between the education of the engi-
neering technologist and the engineer, but they are
enhanced by the backgrounds and interests of the
separate faculties. Engineering faculties are com-
posed of a high percentage of engineering doctor-
ates with research capabilities while engineering
technology faculties, desirably composed of ahout
one-half engineers, have fewer advanced degrees
but include a much higher proportion of teachers
with extensive industrial or other practical ex-
perience, It is recommended that these differences
be recognized as a desirable contribution to cov-
erage of the entire technical field.

Differentiation from Industrial Techrology. Bac-
calaureate engineering technology programs must
also be differentiated for purposes of accreditation
from other technology programs. Some of these
others, usually termed industrial technology, may
resemble engineering technology, but their more
common formulation is of a different character,
often described as broad rather than specialized.
The mathematical content of many four-year in-
dustrial technology curricula may be terminated
without any study of the calculus. The basic sci-
ence requirement may be less than for engineering
technology, and there are likely to be few, if any,
technical science courses. The main thrust of such
a program can be only indirectly related to scien-
tific or engineering theory. Instead, it is usually
pointed toward familiarizing students with meth-
ods, machines, skills and techniques of production
or construction, and it always emphasizes indus-
trial or personnel management. Considerable at-
tention may be given to drafting as a means of
technical communication. In general, the median
for math-science-technical content of IT curricula
is usually only about 50%, leaving an equal em-
phasis upon non-technical studies including busi-
ness and management which form an important
distinguishing feature. In contrast, the median for
math-science-technical content of ET baccalaure-
ate curricula is approximately 70%, leaving 30%
for non-technical, mainly communication and lib-
eral studies, with only limited time available for
management courses. The math-science-technical
content is found to be about 80% of two-year
ECPD-accredited ET programs and also of four-
year engineering curricula, '

Goals for Engineering Technology
Programs

It is emphasized that each institution when
considering the development of an engineering
technology curriculum should first establish a
knowledgeable committee to express the goals and
objectives of the program, both general and spe-
cific. This study should precede design of curric-
ula or courses. Committee representation of faculty
and administration should be supplemented from
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the probable sources of students and sources of
employment for graduates. It is recommended that
the design of engineering technology curricula, for
either the associate or the baccalaureate degree,
proceed from goals to detailed objectives and then
to corresponding emphases upon broad subject-
matter areas before these areas are broken down
into required courses and electives. _

Considering the several possible sources of stu-
dents, the several kinds of programs, i.e., two-year,
four-year, two-plus-two, co-op, evening, etc., and
the possible curricular emphasis as related to em-
ployment, no two programs are likely to be identi-
cal or to haveidentical goals and objectives. Never-
theless, the goals expressed below are broadly ap-
plicable. They cover both associate degree and bac-
calaureate degree programs. -

Goals for Associate Degree Programs. An asso-
ciate degree engineering technology program
should produce engineering technicians who under-
stand the language of engineering, written, sym-
bolic and graphic, and who can interpret in ma-
terial terms the results of engineering analysis
and design. The achievement levels in mathematics
and science should be established in relation to
standards of admission and to employment goals.
The degree of specialization required to.meet em-
ployment goals should be determined before spe-
cialized courses are designed or initiated. The
non-technical content in the engineering technol-
ogy program should be planned to meet pre-
determined objectives of communication and un-
derstanding of society which may also contribute
to the upward mobility of the employed techni-
cian. The assemblage of a group of unrelated ex-
isting college courses is not envisioned. Both
technical and non-technical studies should be
structured to fulfill clearly stated objectives.

Goals for Baccalaureate Programs. The overall
goal of a baccalaureate engineering technology
curriculum will encompass most of the objectives
of a strong associate degree engineering technol-
ogy program, but it should exceed such objectives
in several areas. It can carry the math-science
sequence to a higher level, but it should not at-
tempt to match the requirements of an.engineer-
ing curriculum which would both skew its objec-
tives and raise an unnecessary barrier to fresh-
man enrollments and junior level transfers. The
technical specialties can be advanced into the area
of established procedures of design based upon
prerequisite study of technical sciences and related
laboratory experience, The practical goals of bac-
calaureate engineering technology programs are
closely related to industrial production, construc-
tion, or operation and encompass improvement of
processes, methods, and procedures short of new
system design. If supervision of production per-
sonnel is a stated goal of the program, more than
the usual attention should be given to non-technical
studies designed to achieve awareness of the im-
portance of communication, interpersonal rela-

tions and techniques of management,




Based upon the considerations outlined above,
it is recommended that the following actions be
considered by individual agencies related to tech-
nological education or to its graduates, including
their employment and further development.

1. Communication with High School

Junior and senior 'high school students should.

become informed regarding technological educa-
tion. In a response from 412 graduates of associ-
ate degree engineering technology programs, only
15 per cent gave high school teachers and coun-
selors credit for influencing their career decisions.
Improved communication should be considered by
a joint committee from engineering societies en-
hanced by representation of educational agencies
and high school administrators, teachers, and
guidance counselors. The continuing objective
should be to inform junior and senior high school
students regarding the full range of technical
careers.

2. Private Technical Institutes

The private technical institutes should con-
tinue to provide programs of high standards for
associate degree engineering technicians, and con-
tinue to seek ECPD accreditation for their pro-
grams. Over the years these programs have estab-
lished standards and provided examples for new
institutions entering the field of engineering tech-
nology education. Those that develop four-year ET
programs should provide leadership in integrating
the first two years with the upper division while
maintaining, to the maximum extent found to be
possible, an employment outlet for graduates with
the associate degree. The leadershin role of private,
non-profit technical institutes has ‘been substantial
in the past and will be needed in the future.

8. Public Two-Year Institutions

The public institutions which offer technically
oriented education programs — including commun-
ity junior colleges, vocational-technical schools,

technical institutes, and centers or branchies of
four-year institutions — are expected to prepare
a major proportion of the engineering technicians
needed by industry. These institutions are also
expected to provide substantial numbers of grad-
uates who will transfer to baccalaureate technol-
ogy programs at the junior-year level. These ob-
jectives should be met by design with full recog-
nition that an engineering technology program
at the associate-degree ievel requires advanced
production-type laboratories and a faculty that
includes engineers and technology graduates as
instructors. Only those with rather large enroll-

ments should undertake engineering. technology
programs at the associate degree level. The cost
of providing both laboratories and instructors be-
yond the vocational level is only justified if 20-30
graduates can be produced annually from each
specialized program. Because of early termina-

tions, admission of 50-70 new students per year
per program may be needed for viability.

When a vocational-technical institution under-
takes to offer an associate-degree program in engi-
neering technology, it should plan to seek ECPD
accreditation or, if restricted from doing Sso, it
should accept its responsibility to meet ECPD
standards. Otherwise, the use of the adj ective “‘en-
gineering” in the description of the program should -
be avoided. Programs that do not reach the associ-
ate degree level should not be termed “engineering
technology.” For those institutions that do not
desire to meet the standards for engineering tech-
nology, it is entirely feasible to produce less spe-
cialized technicians for industrial employment.
The more competent students from such programs
may then find opportunities to complete a bac-
calaureate degree in programs of industrial tech-
nology. Their transfer into a baccalaureate engi-
neering technology program will normally require
a period of prerequisite study.

4. Junior - Level Transfer

The transfer problem from several kinds of
«lower division” institutions to several types of
baccalaureate engineering technology programs
can be handled on an individual basis or by devel-
oping a satellite system of a senior and several
junior institutions, ‘Individual transfer requires
evaluation of individual courses completed, testing
or a trial program, It is recommended that all of
these devices be used because individuals are in-
deed individuals and their capacities are not en-
tirely defined by transcripts. Students’ futures
should neither be limited nor endangered by auto-
matic transfer on merely & time-enrolled basis.
The satellite system gives promise of a simpler
procedure of transfer, but it is unlikely to provide
a channel for more than a minority of transfer
students. Both baccalaureate and lower-division
institutions are urged to maintain records on all
transfers of technology students to improve the
transfer procedure and increase the success of the
experimental two-plus-two educational system. A
period of planned experimentation is recommended.

5. Cbopérative Technological Programs

Although little significant experience exists,
it seems evident that a two-plus-three cooperative

 educational program should be considered where -
the local industrial situation is favorable. The final

three years might be co-op. Such a program could
provide greater educational flexibility for strength-
ening the lower-division background of the trans-
fer student than a two-plus-two program, Also,
the industrial experience acquired before gradua-
tion should add directly to the immediate useful-
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ness of the graduate to industry because the em-
ployment of the technologist before and after
_graduation is likely to be with one company or
" industry. Co-op technology education appears very
promising and is recommended for serious con-
sideration. :

6. Separate Technology Administration

The administration of engineering technology
programs at the baccalaureate level should be
related to the technical development of the insti-
tution involved. A major factor is the existence or
non-existence of a college of engineering. If there
is no college of engineering on the campus, the
interest in technological education may have de-
veloped as an extension of industrial arts educa-
tion into industrial technology without engineer-
ing input. An engineering related curriculum may
result when evening service courses in technology,
often taught by part-time engineering instructors,
grow, first, into an associate degree and, finally,
into a baccalaureate program, In either case, the
final development of a baccalaureate technology
program for full-time students will require tech-
nically competent administration and a full-time
faculty with technical specializations. In a previ-
ously non-technical educational environment, it
will function best as a separate administrative
unit or college. However, to justify a separate ad-
ministrative unit, it should first be determined
that there will be a viable enrollment comparable
to that recognized elsewhere in the institution by
separate administration.

7. Administration with Engineering

There are successful examples of a college of
technology and a college of engineering operating
in parallel under separate administrations. There
are equally successful examples of baccalaureate
technological programs that operate as a unit
within a college of engineering. It seems less prob-
able that a single department within a college of
engineering might successfully operate two paral-
lel baccalaureate programs, one in engineering and
the other in ergineering technology. The desirably
different admission standards for students, de-
sirable distinctions in degrees and in experience
requirements for faculty, separate accreditations,
and the difference between professional and para-
professional status of the graduates all argue
against parallel programs within a single depart-
ment. If the department’s technology program is
not strongly differentiated from its engineering
program, the former will probably fail because it
is then involved in producing a second-class prod-
uct. Its objective should be to produce first-class

engineering technologists, It is recommended that

administration at the departmental level for engi-
neering and engineering technology be separate.
At the college lével, the choice between separate
or joint administration will be influenced by the
local situation, such as size of program, extent of
joint use of faculty or facilities, and the center of
administrative interest.

i i

8. Continuing Education Progranis

Technologists and technicians, as well as engi-
neers, must continuously update their knowledge
through formal continuing education or inde-
pendent study. It is recommended that local
groups representing education, technical societies
and employers form continuing education com-

" mittees. They should arrange wherever possible

for planned sequences of math-science-technical
courses and also management studies to be pro-
vided at convenient hours on a scheduled basis.

" New techniques, such as taped courses, are becom-

ing available for use in isolated locations. It is
recommended that industry and government, as
majority employers of technical personnel, accept
greater responsibility in the future for providing
means of updating and enhancing the capacities
of their technical employees at all levels as an ac-
tive program to counteract technological obsoles-
cence. _ : :

7. Technical Society Responsibility

The main technical engineering societies need
to face the question of possible membership for
engineering technologists. A large majority of
engineering technologists specialize in the same
broad areas as engineers — electrical, mechanical,
chemical, civil, etc. It is unlikely that the tech-
nical societies will be duplicated for service to
technologists. Hence, the technologists must look
to the principal engineering societies for new
technical information. They will do this quite
normally if some type of membership is available
to them. Restricted transfer to an advanced level
of membership based upon professional require-
ments would appear adequate to protect the engi-
neering profession from undue dilution of profes-
sional competency. Technical societies related to
a particular industry are unlikely to have mem-
bership qualifications that would be restrictive
to technologists. It is recommended that engineer-
ing societies with restricted membership consider
how they may extend their technical services to
engineering technologists and technicians.

10. Multidisciplinary Society Service

The multidisciplinary engineering organizations,
including ASEE, ECPD, EJC, and NSPE, should
increase their attention toc the accrediting, rec-
ognition, and service functions in relation to en-
gineering technology. To the extent that engi-
neering technology is recognized as a respected
career closely related to the profession of engi-
neering, both technicians and technologists should
support and work effectively with engineers.
Otherwise, a dichotomy could develop that would
produce public confusion and that might raise
problems of a legal nature..

11. Engineering Technology Accreditation

It is recommended that ECPD continue to de-
velop its procedures for accreditation of associate
degree programs in engineering technology based
upon goals, definitions and distinctions included




herein. Its accreditation procedures have been
reasonably successful, but an effort should be
made to achieve greater coverage of the field.
In particular, this will require that ECPD give
more consideration to the special objectives and
educational problems of the community junior
colleges. At the baccalaureate level, criteria are
needed that go well beyond the criteria for asso-
ciate degree programs in engineering technology.
Such factors as background of the faculty in edu-
cation and experience, quality of the student body,
library holdings, laboratory development and edu-
cational level achieved by the curriculum are all
important in establishing criteria for baccalau-
reate programs in engineering technology. Al-
though highly restrictive criteria are not. sug-
gested, there is strong justification for increased
academic standards and reduced vocational em-
phasis in the junior anl senior years of a bacca-
laureate program in engineering technology.
Hence, it is recommended that one criterion be a
limit upon the percentage of courses in a four-year
program that are commonly available to lower-
division students.

12. Industrial Technology Accreditation

No recommendation seems appropriate at this
early stage of development regarding ECPD ac-
creditation of industrial technology education. Its
lower math-science-technical content and increased
content of management and liberal arts or educa-
tion seem unlikely to fit the curricular pattern
appropriate to engineering technology accredita-
tion. Hence, an additional accreditation procedure
would be required. It is recommended that the
industrial technology institutions consider whether
their best interests might be served by asking
ECPD to propose a separate procedure for accredi-
tation of industrial technology education at the
baccalaureate level in which they would participate
in a major way.

13. Responsibilities of Various Agencies

Federal, state, and private agencies involved
in the support of technical education, and agen-
cies that represent institutional groups offering
engineering technology programs, particularly at
the associate degree level, carry a responsibility
for the overall quality of technical education. This
responsibility can be carried out offectively for
engineering technology education by encouraging
institutions to seek ECPD accreditation or, in lieu
thereof, to equal or exceed ECPD criteria. Stand-
ards for evaluating faculty, students, physical
facilities and educational level achieved by the
curriculum are acceptably measurable and are all
involved in specialized accreditation. It is recom-

mended, therefore, that all agencies related -to
technological education take seriously their re-
sponsibilities to help educational institutions dis-
tinguish programs of engineering technology
from other technological programs. In this way
they will serve both students and employers as
well as the general public.

14. Responsibilities of Employers

At a task force meeting of fifteen industrial
representatives held at the desire of the Advisory
Committee in September, 1970, interest in the
employment of both associate-degree technicians
and baccalaureate technologists was made mani-
fest to the staff of the technology study. However,
‘there was considerable variation between employ-
ers in their anticipated uses for such employees.
The consensus for the manufacturing group seemed
to be that engineers, technologists, and technicians
might be hired for similar jobs, but that achieve-
ment and advancement would separate capacity for
production management from technical orienta-
tion. It was admitted that the title “engineer” is
still applied loosely by industry. Looking forward
to the future when industry will doubtless be em-
ploying considerable numbers of engineering tech-
nologists and industrial technologists, as well as
technicians and engineers, it is recommended to
engineering employers that the use of the title
“engineer” be restudied and restricted to posi-
tions requiring the background of a graduate en-
gineer. In borderline situations, a title including
engineering as an adjective would be justified,
with the same general significance that it carries
in the terms engineering technician, engineering
technologist, and engineering technology.

15. Balancing Production Against Need

Finally, it is recommended thut engineering
technology programs at the baccalaureate level be
initiated only where conditions are favorable and
the need is established. The rapid growth of col-
lege enrollments is due ‘o terminate in another
decade. We have already se¢2n overproduction of
certain professionals who were in short supply a

few years ago. The present production of bacca-

laureate technologists is so small that any prob-
lem of oversupply seems remote. However, it is
well to balance enthusiasm for this new develop-
ment with the recognition that the overall need
for high level technologists cannot be measured
until industry and government have had increased
experience with their employment and their .pro-
ductive value. A gradual development of new pro-
grams with continuing evaluaiion of results will
provide the opportunity to adjust the production
of baccalaureate technology graduates to employ-
ment opportunities.




Appendix A

Industrial Teclmblogy:
Excerpts from K
the California State Colleges Study

of 1970

Engineering technology education interfaces
along one boundary with engineering education
and along another boundary with industrial tech-
nology education. Therefore, it ts necessary to. un-
derstand the current development and status of
industrial technology programs and the use within
industry of IT graduates in order to establish cri-
teria for distinguishing between ET and IT edu-
cational programs. Since the ASEE study could
not be extended to cover industrial technology, de-
pendence is placed upon published material, the
most comprehensive and recent study being that
of the California State Colleges entitled Industrial
Arts/Industrial Technology, published February,
1970.

" The remainder of this appendizx will be a scries
of quotations from the CSC study report, includ-
ing a summary of the results of its industrial

sirvey. A more detailed abstract was included in
the Preliminary and Interim Reports.

Background and Definition

Although not all institutions which offer some version of
industrial technology employ this:particular title, it is the
most common one, and appears to be gaining even wider
acceptance. The formation of the National Association of
Industrial Technology in 1967, as an entity separate from
the American Industrial Arts Association, is a sign that
industrial technology is coming of age. The “position paper”
of the California Council on Industrial Arts Teacher Edu-
cation (1968) characterizes today’s industrial technology
program as:

. « . preparing students for such positions as
those in planning, supply, product utilization
and evaluation, production supervision, man-
agement, marketing research, and technical
sales. These graduates are capable of analyzing
problems, as well as recommending, implement-
ing and supervising appropriate solutions. They
satisfy the emerging need for technical admin-
istrators in industry.

Weber in 1961 pointed out that:

The main difference between industrial tech-
nology and the other ty&)es of programs [i.e.
industrial arts teacher educaticn and technical
institute training] is the general area of pre-
paring students for positions in management,

.« The graduate, though having knowledge of basic indus-
trial skills, is oriented towards assisting and directing the
development program, the flow of production, the distribu.
tion of the product, and other facets of general management,
The technologist supervises operations involved in the de-
velopment of a consumer product, or its movement to the
distribution point, and even making it acceptable and pop-
ular on the open market. Some curricula offer variations
in the business portion, permitting a sales emphasis, for
example. v

With regard to the appropriate curriculum to prepare the
technologist, one Report (Dean, 1967) has stated:

44

The training includes a. basic knowledge of
some engineering and management principles, a
broad knowledge of industrial processes and
the operation of machines and equipment, in
addition to applied technical and practice skills. -
The chief asset of the training is that the grad-
uate of such a program is provided with a broad
background . . . which makes him flexible and
adaptable to almost any kind of industrial orga-
nization with a reasonable amount of in-service
or job orientation training.

\

Evolution of Industrial Technology

In the evolution of the typiecal industrial technology pro-
gram, a pattern is discernible. Starting as a technical track
or option within the established industrial arts curriculum,
industrial technology is naturally heavily weighted with
the only resource that is abundant: industrial arts courses.
Gradually, the technical specialty, which originally con-
sisted of one or more of the traditional industrial arts
fields, yields to a focus on a “cluster” of industries, such as
manufacturing, construction, and electricity/electronics, or

‘sometimes on a job category, such as sales. The general pro-

gram, characterized by great flexibility and adaptability;
has passed into its most sophisticated form when the con-
tent is well-suited to the objective of preparing the technical
administrator. By this time it is usually a separate curricu-
lum leading to its own degree. At most the industrial arts
portion of the curriculum consists of providing the basic
skills and knowledge and contributing to the technological
specialty as appropriate. . . . The breadth of preparation
which is characteristic of industrial technology stems from
awareness on the part of educators that they would be doing
a disservice to graduates if, since technology changes at
such a breathtaking pace, they trained them too specifically
for skills that will be obsolete quickly.

Administration and Relation to Industrial Arts

As in the case with industrial arts, the administrative
location of industrial technology programs varies from
campus to campus. . . . Experts disagree over the question
of whether joint or separate administration, classes, and
instructors are better.

The tendency across the country, at least in the larger
cclleges, is for industrial technology, although it origi-
nated in and was nurtured by industrial arts, to break
away and become independent at maturity. . . . Whether
or not it is administered separately, industrial technology
requires two or three specialized iaboratories, one of them
designed to give the student an overview of manufacturing
processes and to demonstrate the clements of total produc-
tion. Moreover, the industrial technology instructor must
have extensive industrial experience and must maintain
close and continual contacts with the evolving technology
in indastry. '

Relationship to Community Colleges

Mutually beneficial arrangements have been cffected,
whereby the Community Colleges offer pre-baccalaureate
programs expressly designed to permit the student to
transfer into an industrial technology program at a par-
ticular State College without loss of time or. credit. . . .
Industrial technology is in many ways the “natural” ad-
vianced program for Community Coilege technical gradu-
ates to enter. By design, the upper division part of the
broadly conceived program concentrates on “rounding out”
the student, and thus could yield readily to the two-plus-
two approach. Picking up the student whose lower division
training has been relatively specialized, preparing him for
middle-level technical jobs in industry, industrial technol-
ogy at the upper division can prcride him with the means
to quality for higher-level positions through courses in
management, communications, psychology, and humanistic/
social studies, among others, and through advanced and
integrative technology courses which give an overview of
technology and the industrial enterprise. ...
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.. . The contents of the vocational programs, dubiously
collegiate-level in many instances, need to be upgraded.
Many technical programs are too narrowly focused and
excessively skill-oriented rather than concept oriented. A
majority require no college mathematics at all, and prac-
tically no science, or at least not to any depth. Since there
are few electives, the student has no opportunity to secure
breadth either in general education areas or in general
technology. Though students are, of course, encouraged to
combine the occupational curricula with the requirements
for the associate degree, there is not enough insistence on
it and woeful lack of counselors with understanding to
identify the better students and to channel them into
transfer tracks. ‘ .

Relationship to Engineering

In all the literature on industriul technology and the
descriptions of programs, reference to producing semi-
professional engineers is studiously avoided. . . . Of course,
many graduates will actually be hired for positions that
are engineering-related and will be given titles in which
the term “engineer” figures prominently. Industrial tech-
nology educators can hardly be faulted for industry’s
tendency to ignore some academic subtleties and to use the
term “engineer” loosely, especially as a means of upgrad-
ing in position. :

[In definitions of engineering technology such as that
of ECPD,] ... the key phrase is in support of the engi-
neering effort of industry.

On the other hand, the industrial technology faculty at
Cal Poly, San Luis Obispv, describes its program as:

.« that sart of higher education which pre-
ares students for rofessional-level (bacca-
aureate degree) technical occupations in in-
dustry, excluding professional engineering.
This ﬁeld, forming the mid-ground between
engineering and_business administration, em-
phasizes the applied aspects of industrial proc-
esses and personnel leadership, It is based
upon a foundation of understanding and work-
ing knowledge of industrial materials, tools,
processes, procedures, and human reiations.

The key phrases here are occupying the mid-ground be-
tween engineering and business administration and empha-
sizing the applied aspects of industrial processes and per-
sonnel leadership.

CSC Industrial Survey

Survey of Industrial Firms in California. Soon after the
industrial arts-industrial technology study began, it became
clear that a survey of industry was needed. Whereas a good
deal of information about industrial technology programs
could be gleaned from existing literature, the same could
not be said of inlustry’s viewpoint toward the general
concept of an indus’rial technology curriculum. The present
survey was restrictad to firms indigenous to California or
national firms with major branches in California. . ..

Analysis of Companies’ Responses. Number of companies
receiving questionnaire, 280;. number of companies re-
sponding, 164; number completing questionnaire, 129, or
44 percent. ‘ ,

Type of Product  Response No. of Employces Response

Space, Aero 41% Under 1000 . 87%
Chemical, Wood 349, - 1000-4999 44%
Manufacturing 46% 5000 and over* 1%
" Electronics 76%  [*Large companies hire -
Food 67% the majority of IT
graduates]

Conclusions Drawn from Questionnaire. Detailed analysis
of the responses, including many correlations and refine-
ments, revealed both a definite pattern to the responses and
a remarkable degree of internal consistency. Patently, in-
dustry has a need for techmologists with baccalaureate

iy

-
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degrees, and this need will accelerate in the future. For

‘curriculum planning and development, the most important

finding is that industry is looking primarily for production-
oriented persons who will eventually move into managerial
and supervisory positions, and consequently technologists .
possessing a broad technical background combined with .
business and managerial techniques and communication
skills are preferred. . ’ :

Industry’s View on Curricuium. One purpose of the Sur-

. vey of Industry was to discover what industrialists consider

desirable content for an industrial technology program. The
following pattern emerges from the respondent’s distribu-

- tion of unit-time according to the six.general subject areas

which comprise industrial technology: .

Indicaied

: Percentage of Equivalents in

“Subject Area Total Program Semester Units
General Education 20% 26
Communication Skills 12% 15
Mathematics 12% 13
Science 13% 16
Technical Subjects 26% 32
Business Administration 17% 21
Totals 100% 124

Educational Subjects Considered Necessary or Desirable
by 70% to 99% of Respondents. Starred subjects ranged
from 88% upward. Compantes responded as 1ollows:

Subject Responsc®
Mathematics
*Arithmetic (College Math) 99%
*Algebra 989%
*Tr gonometrg 88%
Descriptive Geometry 9%
*Statistics ’ . 919
Computer Programming 76%
Techniecal Studies
*Introductory Drafting 94%
*Blueprint Reading 94%
*Bagic Mfg. Processes 96%
Machine Tool Skills 81%
Tool Design 76%
*Mechanical Systems 96%
Design Mech., Systems ‘ 84%
Design Elec. Systems 79%
- Strength of Materials 84%
Electrical Power ‘ 5%
Product Evaluation 80%
*Time & Motion Study 89%
*Engineering Econom _ 90%
*Assurance or Contro 90%
Advanced Control 80%
Industrial Design 72%
Selence & Applied Science
*Physics 88%
Statics ‘ 2%
Dynamics 70% .
2 Communications ‘
*Public Speaking 94%
*Technical Writing C 96%
Audio Visual 8%
*Pgychology . 929%
, " Business Administration .
. “sAccounting Principles - 98%
Marketing Principles 8%
*Human Relations 99%
*Introductory Economics 949%
Financial Management ' 81%
*Management Principles . 98%
*Industrial Relations . 95%
_Customer Relations . 80%
Introductory Oper, Research 76%
*Production Supervision 91%
Industrial Purchasing 87%

TPorentages were computed by the ASEE staff.
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Technology gr

below:

(1)
(2)
(3)
(4)
(5)
(6)

(N,

(8)
(9)

Nature of Position

Production Management
Purchasing

Quality Control

Sales

Logistics

Field Service

Job Development and Training
Market Research

Other

Positions Most Likely to be Filled by Industrial Tech- -
nology Graduates. Companies suggested that Industrial
aduates might fill positions: such as listed .

Responses
104
43
81
42
12
40
16
10
42

Recruitment and Hiring as Related ’i&-Curriculum. The
following indications of preference by companies relate to
educational background for new employees,

Preference . " Responses®
a. Prefer four-year industrial technology
- graduates S 419%
b. Prefer four-year engineering ’
technology graduates 456%
-¢. Prefer four-year industrial arts
graduates 4%
d. Have no preference as to type of
technology graduates T%

e. See no need for technologists to
receive more than two-year
preparation 3%

! Percentages were computed by the ASEE staff.




Appendix B

Statistical Information
and Data Tables

The following tables give reasonably current
data and statistics that have relevance to the
ASEE Study of Engineering Technology Educa-
tion. The subjects covered are enrollments and
projections, associate degrees and bachelors de-
grees for engineering technology and industrial
technology, technicians employed by industry, hir-
ing goals, salaries and job openings.

TABLE B-1. Reports and Projections of Enrollment in In-
stitutions of Higher Education in the United
States, 1960-75.

Year Total Degree Non-Degree

(Fall) o Programs® Programs®
1960 3,789,000 38,688,000 206,000
1963 4,766,000 4,496,000 271,000
1966 6,390,000 5,886,000 506,000
1969 7,641,000 6,906,000 635,000
1972 8,686,000 7,926,000 760,000
1976 9,966,000 9,056,000 901,000

»Adapted from Table 4, Projections of Educational Statistica to 1977-
78, U.S. Department of Health, Education and Welfare, Office of Eduea-
tion, National Center for Educational Statistics (Washington: U.S. Gov-
ernment Printing Office, 1969).

bIncludes all prozrams leading to bacealaureate or higher degree.

¢Ineludes DPrograms of oceupational nature, wherein eredits are not
chicfly transferable to & baccalaureate degree and which are 3 years or
less in length.

TABLE B-2. Reports and Projections of Earned Bache-
lor's and First Professional Degrees in the
United States, 1960-76*

TABLE B-3. Associate Degrees in Engineering Technol-
ogy Reported by Institutions Having at
Least One Curriculum Accredited by ECPD*

Year Number of Degrees Reported
1953-54 3927
1954-56 4365
1956-56 5499
1966-67 No data available
1957-68 5928
1958-59 6478
1969-60 . 7689
1960-61 6284
1961-62 ' 6085
1962-63 5489
1963-64 5507
1964-656 5696
19656-66 5270
1966-67 6144
1967-68 6264
1968-69 65636
1969-70 7740

aSource: John D. Alden, “Technology Degrees, 1969-70, Engineering
Education, February, 1971; see Table 1, p. 441. Data for 1953-64 were
gathered by Donald C. Mets et. al. for ASEE. Data for 1965-66 to date
were surveyed by the Engineering Manpower Commission.

TABLE B-4. Degrees Awarded in Engineering Technol-
ogy and Industrial Technology, 1969-70, By
Curriculum and By Level®

Associate Bachelor’s

Degrees in Percentages of Total

Academic  mq,i  Physical Science Degrees in
Year Degrees and Related Engineeringe Physieal Engie

(ending) Areas® Science neering
1960 392,440 29,612 37,808 7.6 9.6
1963 441,622 34,762 33,4568 7.8 1.6
1966 661,040 39,764 35,816 7.2 6.5

1969 749,000 60,130 39,072 8.0 5.4
1972 785,000 68,670 40,330 88 b1
1976 898,000 85,170 40,690 96 456

2 Adapted from Tables 18 and 20A, Projections of Educational Statistics
o 197778, U.8. Department of Health, Edueation and Welfare, Office of
Edueation, National Center for Educations) Statistics (Washington: u.s.
GCovernment Printing Office, 1969).

Sncludes mathematics, statistics, computer science, astronomy, chem-
istry, earth sclences, meteorology, physics and certain geneunl sclence
programs; excludes the biclogical sciences, agtriculture, forestry, and the
heslth professions. ‘

eDr a for 1960-60 from the Engineering Manpower Commission; see
John D. AlMen, "Engineeringt Degrees, 1989-70,” Enpinesring Bducation,
February 1971, p. 432, ‘This teport by EMC showed 12,968 bachelor's and
other first professional degrees in engineeting for the 1063-70 academie
year. P ,

Curriculum Degrees Degrees
Aireraft 722 118
Air Conditioning 194 19
Architectural 864 73
Automotive 737 133
Chemiecal 3874 14
Civil 1784 227
Computer 1012 68
Drafting, Design 1082 93
Electrical 1629 358
Electronies 4273 654
Industrial Technology 541 1535
Manufacturing : 838 104
Matine 66 7
Mechanieal 2719 502
Metals, Materials ) | 4
Mineral 14 2
Nuclear 66 0
Other 628 194
Total 17,184° 4,106

aDats taken from John D. Alden, "Techioloty Degrees, 1989-70," Enple
neering Education, February, 181, pp. 44128,

S1n addition, 4,148 certificates were awarded (1,148 at institutions with
ECPD-atcredited cutricula), for & total of 21,281 awinds,

560 .
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TABLE B-5. Ratio of Technicians to Enginecers by Indus-
try as Reported in 1968 by a Sample of 658

TABLE B-8, Salaries for Technicians in 1969, All United
States, by Educational Level and Years

Employers* since Entering Work Force*
.}:‘;ﬂgﬁfn‘:‘i Number of Years Sinﬂi Mean Annual Salary
Industry Employed by Technicians per Graduation All Technicians®  Associate Degree Dachelor's Degree ¢
Respondents 100 Enginecers
0 $6,650 $ 7,100 $ 8,350

Aerospace 8,306 28 2 7,100 7,660 8,660
Chemical 1,077 9 4 7.500 8,160 8,950
Construction 629 68 . 8 7,950 8,650 9,200
Consulting 2,606 68 8 8,360 9,050 9,450
Electrical/Electronics 6,960 69 10 8,760 9,460 9,650
Machinery 2,821 46 12 0,200 9,850 9,950
Metals 1,886 n 20 9,860 10,300 10,300
g:‘g‘::]e?:':nufncmring Bfgg gg sAdapled from “General Salary Curves,” pp, 18.20, Selaries of Engic
R&D 5.368 68 neering Technicians, 1969, Engineering Manpower Commission of the
Transportation 306 66 Engineers Joint Council, March, 1970.
Utilities 4,863 66 >Base year is 19. For Associate Degree recipients and non-gradsates,
Federal Government 2,200 v 11 this is considered age 20; for bacenlaurente graduates, the equivalent age
State Government 18,332 161 s 22. Year O represents laitial salary.
Local Government 1,683 70 ¢Includes all technicians, those with no prior formal sehooling and these
Education 1,345 20 with educational tnckground other than technology as well as wradwale
Al Respondents 64,976 54 techniclana,

2 Adapted from Table 11, p. 20, Demesd for Knpineers and Technicians,
1965, Engineering Manpower Commission of the Engineers Joint Council,
December, 1969. The sample of employers does not necessarily coinelde
with the samples forming the data base in Tables -6 and 5.7 of this
reciton,

TABLE B-6. Coraparison of Hiring Goals for Technicians
and Number Hired, 1967-68, Reported by 852
Employers®

Hizing Actual Shortage
Category Goal Hires In Percent

4-Year Technology Graduates 323 168 489
2-Year Technical School Grad. 3,187 2519 20%

Other School Sources 1,473 1,338 9%
Experienced Technicians 2885 2571 11%
Newly Upgraded Technicians 878 870 i%
Traineces 2,647 2,566 8%

*Adapted from Table 17, p. 27, Demand for Engincers and Teehnicians,
1948, Engineering Manpower Commission of the Engineers Joint Counell,
December, 1969. The sample of employers here does not neceseatily cons
stitute the same data base 2s Tables B.§ and 8.7 of this section.

TABLE B-7. Comparison of Hires, 1967-68, and Planned
New Hires for Technicians, 1968-69, by 807
Employers*®

Hired in Planned  Planned

Category 1967-68 for 1968-69 Increase
4-Yr. Technology Graduates 231 342 485
2-Yr. Technical School Grad. 2,482 3,269 820
Other School Sources 1,750 1,979 135
Experienced Technicians 3,127 3,605 126,
Newly Upgraded Technicians 1,311 1372 1%
Trainees 2878 3,046 8%

SAdapted from Table 17, p. 27, Demand Jor Engineers and Tethnicians,
1938, Engineering Manpower Commission of the Engineers Joint Counedl,
December, 1969. The sampie of employers does not necessarily constitute
the same data base as in Tables B-§ and B-8 of this section.
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?Data should be interpreted with caution. The bachelor’s degrees held
by the technicians covered may have beent earned In areas other than
engineering technology and often were extned after some years of em-
ployment ; this Is especially trwe for older individuals,

TABLE B.9, Employment of Selected Professional and
Technical Personnel Employed by Reasons of
Nation’s Development Goals, 1968, with Pro-
jection to 1975°

Item Engi Nnndhi-al Secience
ngincers and Engineering
, Technicians
Employed in 1966 1,116,000 713,000
Projected Employment in
1975, Assuming “Low”
National Priorities® 1,689,000 1,618,000
Projected Employment in
1975, Assuming “High”
National Priorities® 2,031,000 1,794,000
Proportionate 1
1966 - 75, “Low"”
National Priority® 42% 113%
Proportionste Increase,
1968 - 75, “High” .
National Priotity* 82% 152%

s Adapted from Table 1, Pasl G. Larkin and Jobm B, Teeple, *Nations!
WMMHWM”WMUQ‘MM

*“Low™ national priotiles imply & continustion of the emplorment
demunds of the past decade and reflects natiohal wouk which are “more
of the same™ as existed in the 196¥'s.




TABLE B-10. Employment of Technicians by Occupational Specialty, Estimated 1966 and Projected 1980 Requirements.*

1966 Projected Percent

Occupation 1 t 1980 increase,

employmen requirements  1966-80
Technicians, all occupations 886,900 1,395,700 b7.4
Draftsmen 272,300 434,300 59.6
Engineering and physical science technicians ... . 419,300 646,800 54.3
Engineering technicians 299,200 453,800 b1.7
Chemical technicians 60,500 96,500 69.6
Physics technicians 10,600 20,700 95.3
Mathematics technicians ... 5,300 10,100 90.6
Other physical science technicians ........... .. .| 438,900 65,700 49.7
Life science technicians 70,000 108,900 56.6
Other techniclans ................... 125,100 205,800 64.56

NOTE: Because of rounding, sums of individual items may not equal totals,

* Source: Bureau of Labor Statistics, U. 8. Department of Labor, Technician Manpower, 1966-80. Bulletin Number

1689. (Washington, D.C.: U. S. Government Printing Office, 1970.)

TABLE B-11. Sources of Technician Manpower, 1966-1980, Estimated by the Bureau of Labor Statistics.® -

Source of New Technicians, 1966-1980

Number

Post-secondary Pre-employment Training ...

Employer Training . .........

" MDTA Training .........................................'.'....'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'..'.'.'.'.'.'.'I.'.'.'.'.'.'.'.'.'.'.'.'.'I.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'
College (4-yr.) graduates and QEOP-OULS e
Armed Forces TXRIMNE oo

Fotal BOLFANLS 60 FIeld ..o oo et ey
Losses® ... ... . .. . Lt

760,000
176,000
96,000
150,000
21,600

1,191,500

256,500

936,000

* Source: Bureau of Labor Statistics, U, S. Department of Labor. Technician Manpower,
1689. (Washington, D.C.: U. S. Government Printing Office, 1970.)

1966-80. Bulletin Number

® Losses include separations because of death, retirement and transfer and may result from Promotion to supervisory

positions within the field as well as from removals from the field,

e
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Appendixz C

Comments
from Industry and Institutions
Related to
Technicians and Technologists

Subsequent to the publication in October, 1970,
of the Preliminary Report of ASEE'’s Engineer-
ing Technology Education Study, more than 200
institutions, organizations, agencies and individ-
wals submitted formal documents containing com-
ments, reactions, and suggestions related to the
content of that report. All these documents were
carefully reviewed by the Study Staff and the
Advisory Committee. The comments were ex-
tremely valuable as background to this Final
Report.

Thirty quotations from the many documents re-
cetved are presented here to illustrate the kinds
of responses made. They were chosen largely from

the responses of industrial or

other employers of

technical personnel,

Qudtations from Respondents

1

_tie to the engineering pxjofession. .

“The report will have an important effect on colleges
and universities by removing much of the confusion
which now exists, both in semantics and course con-
tent.” (Lockheed Aircraft Corporation) ’

. “ . . Junior colleges are not particularly interested in’

accreditation. . ., Accreditation will be sought only if
industry demands it and when it may be necessary for
their graduates to transfer into a four-year program,”
(Society of Manufacturing Engineers, Education Com-
mittee)

. “Strong empﬁasis should be placed on ECPD aceredi-

tation of baccalaureate programs, not only to distin-
guish those which are truly within the engineering
spectrum, but also to maintain a close and appropriate
« " (University of
Akron Committee) '

. “Take a position. Keep the administr}ltion'sepérate."

(Dow Chemical Company)

. “Inclusion of Engineering Technology umier Engineer-

“ing will prevent Engineering Technology from growing'

~is very sound. . .
engineers or technologists could be performed by tech- - -
‘nicians -with' less than the 4-year degree.” (General

Millg, Ine.) - o R TR
. “We are a' degree oriented world. Credentials have a - .
- bearing on ‘acceptance by others, thus the Bachelor's - .~
degree becomes important at times.” (Cornell, Howland,

up into a competing Engineering  degree on the one
hand and conversely sinking to the vocational level on
the other.” ( Cleveland Stato University) -

..“The general concept of a two-year technician program’

A great many tasks performed by

',vl_layes _&-M_é;rruﬂel_d, Cu);pultiny‘En_gingcrs) R

“ ‘not apply.” ( General Motors Corp.) e

. “Emphasize* that with four-year. programs, the stigma
-'of limited horizons that evolved with the A.A’.‘S.'.does o

10,

11,

15.

16.

17,

20.

. “There are aspects of social studies and humanities

which are relevant and intercsting to technically ori-
ented students, but these aspects have not been properly
identified and taught to students.” {Dow Chemicul
Company)

“Concur wholeheartedly that a very significant increase
in the number of technologists with a four-year degree
is needed and can and will be properly employed in in-
dustry.” (Edison Electric Institute Committee)

“The committee suggests clarification of the terms ‘tech-
nician’ and ‘technologist’ . . . by referring to them as
graduates from four and two-year programs, respec-
tively [sic).” (Society of Manufacturing Engineers,
Education Committee)

. “The Industrial Technology supporters claim a profi-

ciency in a broader spectrum than can be achieved.”
(Phillips Petroleum Company)

. “The possibility of revision of the engineering curric-

ula of some schools from a theoretical to a practical
orientation seems to us to have been dealt with too
lightly. . ..” (Union Carbide Company)

. “The Plant Engineering student should not be forced

into an engineering technology program and marked
as an assistant to a science-research oriented engineer
that he will never see.” (American Institute of Plant
Engineers)

“Granted that quality is widely achieved and generally
recognized, the four year Technologist will not be re-
garded as a ‘second string’ Engineer, but rather as one
who has chosen his course through preference rather
than necessary compromise.” (General Motors Corp.)

“I was bothered ... that the distinction [in the report]
between engineering and engineering technology is asso-
ciated with the responsibility, or lack thereof, to society.
The words and thoughts sound fine, but I don’t think
they are representative of the real world.” (NASA,
Lewis Research Center)

“The report [should] indicate what portion of the edu-
cational preparation involves exposure to a staff that
includes leaders from crafts and unious and leaders
from the areas of industrial codes and standards, . . .”
(EE&A Subcommittee, ECPD)

. “We believe that the, engineering - technology faculty '
- must be largely separate from an Engineering or an

Industrial Arts faculty, must have substantial indus-
trial experience, and, at least for the present, must be
composed largely of engineers, A doctorate should not,
in our opinion, be a requirement for, such a faculty.”
(N.Y.-NJ. Electrical Technology Association)

. “Why is such a four-year [B.E.T.] program needed?
‘We have found that usually job requirements considered

somewhat minor and time -consuming for engineers can
be adequately filled by the technician.” (Dehnarva
Power & Light Company) = ' )

“While we have made little use of the engineering teéh-
nology graduate, we foresee that he would be assigned
to.jobs which are involved with planning and schedul-

. ing, essentially between engineering and manufactur-

 has become ‘particularly
_ become more complex.”’

21.

ing, The need for technologists has long been felt and
acute as our technology has
(Lockheed Aircraft Corpora- -

tion) .7 - i _

‘“There are a nﬁmbe‘i"of areas, particularly in manufac-

- turing operations where the attendant responsibilities

.of analysis, decision, and direction provide positions for

-~ which- the.4-year .technology ‘graduate would be par-
) t_icula'rly'_'w_ell_suited."These'functiona:_would also pro-

e,
. nologists with a four-year degree is needed and can'and ...

. vide graduates the opportunity to progress to manage-
- ment levels.” (Ford Motor Company) ~ . = . .

“.. . A very significant increase in the number of tech-'

v “will "be -properly. employed" in . industry.”. (Cleveland.
-+ Electric Illuminating Company) .~ = . 10wl




23. “. .. Many civil service positions in the federal govern-

24,

26.

26.

ment use the title technologist or technician,” (Engi-
neering Manpower Commission)

“Many in industry would be inclined to feel that using
the definition of engineer in this report would in fact
relegate the analytical engineer as a ‘support’ person
to the engineering technologist who is concerned with
solving the problems in an operating situation.” (East-
man Kodek Company)

“Engineering Technology graduates may progress to
assignments such as Specifications Engineer, Drawing
Checker, Manufacturing Engineer, Product Assurance
Engincer, Liaison Engineer, etc. Industrial Technology
graduates might progress to similar assignments, but
would perhaps be more likely to become Operations
Planners, Price Estimators, Buyers, Make-or-Buy Ana-
lysts, Logistics Analysts, etc. Engineering graduates
would not be excluded from any of these job families,
but their interest in these occupations is not likely to
be strong.” (Lockheed Missiles and Spece Company)

“The four year technologist is now an ideal candidate
for manufacturing training. He falls midway between

" o1,

28.

29,

39.

the Business and Engineering graduate, both of which
are also aspirants for plant management positions.”
(General Motoras Corporation)

“I would expect that as four-year engineering tech-
nology graduates become more numerous we would
tend to hire these people rather than the two-year
graduates,” (Proctor and Gamble)

“. .. We at Armco’s Research Center have much confi-
dence in industrial technology schools as a source for
technicians,” (Armco Steel Corp.)

“There {8 need for technicians in narroﬁr functional
areas of civil engineering, but not as a broadly trained
technician,” (ASCE, Education Division)

“The hard, cold, practicel fact is that anyone with any
type of engineering education will aspire to be called &n
engineer, and there is not the nice, clean interface that
the educatorn think there is between the duties of the
many people engaged in an engineering-oriented pro-
gram, be it design, construction, manufacturing or
operations,” (Bechtel! Corp.)
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