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. - This paper discusses program requlremeﬁgs and career

patterns in technical educatloﬁ with the' goal of ass;stlng persons
. who des1gn community college/technlcal institute programs to produce
‘ technicians to work in a technological environment. The first sectlon
describes the five comppnents of the product development cycle in
which technicians work and their role in each of these. processes;
i.e., research to discover new materials and processes; product v
development; manufacturxng, marketing and sales; and 1nstallatlon,
mazntenance, and servxce. ‘The second sectidn explains the
requirements and criteria for technical education and techmician
traxnlng programs, focus1ng on the role of mathematics education,
mxcrocomputers and mxcroprocessons~ and on program needs and \
requirements.-The third section prov:des 1nformataom~ccncernfng -
\ careers and program requirements in electronics, highlighting trends
: and changes within the field. The final section outline ntrance

. requirements for technician, education and includes an oVerview of
~ courses and programs required for students interested in the
technician fleld (HB) .
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This’ paper was written to assist persons desxgnwng programs in o

community colleges and technical institutes that ‘produce technlciansdhho
“will work in the technulogicai environmgnt The first section 1ntr0- §
ducee the reader to the preduct development cycle in whicﬁ technvcians . i o
work. The second sectlgn explains the requzrements and crlterwa for . '
technica] educat1on programs and trainwng programs. The tﬁird section

gives 1nfarmation for a-specific’ technolog1cal area (e1ectronics) L | S

v
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concerning careers andeprogram requarements. Last fon persons in- .

»

volved in advising future, potehtial students entrance requirements - .
>
for techn§c1an education are described -
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. The- product devéinnmgnt cycle consists of five"tbmponents:

researching to discover new materials and processes, deve]opqng, manu-

% facturwng, marketiﬁg and sel]ing, and 1nsta11ing, mawntawning and A
. . servicing. Techniciqns §brvh in each comqgnent of this cycle.
In‘the reseanch componengvthg %echnologist* works under the
dire;tion of a research engineen tn measure and test materials and
defiign fabricatwon\processes. The materwals andprocesses 1nvente€

- . via research aré.then deVeloped into a prodnct. ‘The development
' component invofﬁls technicians in‘various capaC1ties, generall; in‘
; | ‘prototyping the product through ]abératory testing to adhjeve qua}ity\ ’
t , assurance. . o . o | -
' The developed product then is analyzed to deswgn a manufacturing
,\ process. Technic?ans in manufacturing app?y their know]edge of
| robotics automated assembly lines, electnbnics, mechanic skills and
’ qua11ty control techniques. | ‘ |
Technicians at various po1nts in a career are usually requ1red to
market and sell pnoducts in addition to theinstallatwon, testing, and
: ma%ntenance of the proﬁncts. Many service téthnician§,'also refgrred
to as service engineérs or cuétomer'engineers, anTEr sales functions
"and are a valuable “input to themarketing of a product The instailation
- function s more\mechanica] and does not requive the Same level of skill

and knowledge\as those of maintenance.

¥ The term tecnnologist means a person has a 4 year baccalaureate

<::~ ~ ( degree. -A technician usually has a two year associate degreé.
i \ ~ . y \ . : ‘
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Requirements and Criteria
~ . ~ for .
Technology Programs and Training Programs

¥

A curriéu]umistructurqg aﬁouné fuﬁdamenfals:and core technology courses
is preferred to one centered around training. Typically,-in times of rapid-
ly changing technology an individual's training may not endure the changes.

o Individuals may find’ it frustrating or even impossible to acquire the new

‘ )hology“pro‘gtf 7

skills needed to maintain themselves in.the technology. A balanced program
will provide the mathematics and science fundamentals,- core technolegy and
some specialization courses essential for maintenance of skills.. Employers
are generally reluctant to place persons with only vocational training in
areas of responsibility which'may use sophisticated equipment. This view

is shared by others in the field. A group of technical educators and in-
dustrial representatives studying the manpower requirements of Ohio "...found .

not vidw vocational education as a resource for training persons for high-
technology positions. They want to employ technical education graduates of
two year or four year colleges for these positions. ,(quormick, 1983). \

Mathematics in the program should provide a 'solid background in algebra
and trigonometry. Depepding on the program, emphasis, other hematics courses
" should include calculus, for engineering technologies or,stagagtics for manu-
facturing technologies. "A minimum of; ome year of mathematics, exclusive of
any developmental mathematics needed to correct student mathematic deficiencies,
is highly recommended. A programmifig course in a higher level .language
" (BASIC, FORTAIN, or Pasqalg is a necessary part of any technology pgram.
This programming course shouls be a technical problem .solving course with
studégts developing the solution algorithm.and programming the computer,
: Technical skills in microprocessors and microcomputers should be part
of the technical am. However, a carveful analysis of specific goals
should bé made he embarking on mfcpocomputer and microprocessor tech- 7 .
‘nology as the center ‘theme of a brograf. Specifically, microprocesspr based = .
" systems are being designed-with fault tolerance, and diagnostics that prior
to the 'advent of the microprocessor would be unthinkable.. Such desjgns . -
vequire very little technical competencé to be maintained in the field.
Therefore, computer. field service\ggy not require the skill levels and

cofmand the salaries uspally associdted with technology level skills.
However, .there are critical skills ¥n the area of microprocessor interfacing,
retworking, testing and programming essential in product development, board

» testing’and m?nufactufing that should be a major consideration in a program.

A

1
R

‘areas such as Microcomputers, Telecommunications, Robotics,

Opto-Eléctront ‘Unlessrthere is an overwhelming industrial need in the Tocal
area, it is better to develop a general Electronics/Electrical Technology
Program and ,provide options to the general program. This strategy provides
the students with a flexible techpical base .for thelr caraers and also
facilitates institutienal change as technfgal changes and Tocal needs areé
redefined. o T ‘ \ ,

| oy

that'a;;hougb the executives are supportive of vocational education, they do -

. - e . . . . )
ere has been in emphasis to develop nawrow two year tech- . - &
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"A critical ingredient in a program is the need to have instructors
with the work experience in electronics/electrical engineering or tech-
nology. In two year college programs academic requirements should
include a B.S. degree in the engineering or technology, Administrators
should encourage faculty to maintain their skill in the technology and pro- ,
vide financial support for professional development. Outside work or
consulting with local industries should be encouraged because such work .
provides an essential link between industry and the college. \ C-

S o
Some criteria to develop two year—Tevel technology programs are:

v - 1. -The program sheuld target an area of the electronics/electrical tech-
nology industrial ¢pectrum. It is difficult to create a quality program that

. - encompasses all aspects.of the technology (product development, manufacturing

- ~ and servicing). ‘ e

2. Instructjonal staff should be competent in electronics, having suit-

able work experience in.the targeted area. Academic qualification preferably

should include a B.S. in engineering or technology.

3, An industrial advisory committee should be an operational part of the
grogramifrominception.\ ‘ \ .

4. An Engineering Technology program should stress fundamentals in mathe-

matics, science {Physics), and computer programming. Technology programs

"whose emphasis is manufacturing and repair ccan reduce or modify the

mathematics and science courses to suit the level of the ‘targét technology.

5. Core electronics courses must provide hands on laboratories. The

emphasis should be on interpretation of results, written communications of -
. the experiment, and use of the equipment. T : \

6. Course wo}k and tests should be problem ariented. The level of the .
pAgblems should be maintained at the level of the mathematics of the program.

A\ 7. Communication courses including technical writing should be included as
part of the program and  integrated into the laboratory reports.

8. Laboratbri,equipmént should parallei that used in industfy. 'The equipment
learning sequence should progress from very basic equipment in the first term
and gradually become more. sophisticated. , : :

. 9. .Specialization courses in the last year should be directed to the most
1ikely employment opportunities available in the localearea.

io. Cooperétivé edudtion could be used to supplement the‘areas of \ -
;pecialization, especially in areas where the equipment cost is prohibitive,

Training programs a?e typically one yeér or less and are characterized by
their intense and specialized focus. Some criteria for developing such-
 programs are as follows: - ‘ -

-

. >

1. The program should target narrow areas of specialization. The length of
the program must be analyzed fop desired content and-the level of the ’
Vstarting student. - o ‘
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2. The program should be developed in con;unction wtth local: 1ndustr1al
needs, preferab]y this. shou]d directly involve specific companaes. S '

3. Equipment used in training should emulate the task to ‘be done in

industry. . . o , ’
~4. Only the, essentiéls of the technology shou}d be stressed. Much 6f the
program is developed on 'how to' rather than 'why.' Problem solving is
directly related to the topic and involves logic deduction rather than
mathematic skills. e | 2 v
.5, Instructors need”to have industrial backdround~1nithe area of - Y

specialization. Technical school graduates-would, in most cases, ppssess
adequate academic qual\fipatiens to instruct at this-level.
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o Technical Careers in Electronics C oy
. - and \ v

- Requirements for Electronics Associate Degree Programs
There are thbee‘options in technical careeﬁs in electronics that exist,

Eiectrica] Engineering\Technoiogy, E1ectronics TechnolOgy, and E!ectronics

Manufacturing Technblogy, each requsres different psychonotor skil]s and

. mathematics/science !gowledge levels. Educational progrems for prepar1ng

A
persons for these options have tradationglly been single programs, i.e, a11

encompassing However, trends in automat1on computer aided design,. and

\diagnostics\are creat1ng so. large a body of knowiedge that there is need .

for more specialized curricula., Onefcomprehenszye program cannot de11Ver\\
the necessory education to prepqre persons for all three options due to
the constraints placed upon an aSsoEiate degree program. .
_Electronics Engineering Technology
E]eotronic Engxneering Technology curricula are typlcally two year

coilege level progranm. These programs’, in general provide transfer

options into Baccalaureate Eng:neer%ng Technology degree programs. Most

graduates of Eng1neer1ng TechnoIogy assist engineers in designing and testing

new products. These programs have. an algebra, trzgooometry, and edementary
: . 7 .
calculus base. -
%
It 1s imperatzve that Electronic Engxneering Technology programs closely

resemble the actua] task to be req01red in the eng1neering laboratory. En-
gwneerlng tasks are becom3hg more‘compIex‘and the tools required to develoo

products are, likewise more‘complex. The trendwls to design new products by
~

provwding the initial design using” computer aided ana]ysws and mode11ng rather
than making a series of prototypes and debugglng them. The few. prototypes

r

made will still be debugged and modlfied by the engineerlng techn1c1an. At
. . ‘ . ‘
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this point of the product development the technxcian wil] be 1nvolved w~,h

rather sophisticated testing equipment The .technician may also be responsi-

. ble for some testing software, shcematic (CAD) modlficat1on and other computer‘

level entries - . : o

*
>

New programs in engineering technology should include®digital electronics
T | . : . ' . .!" - \ N . o
and microprocessor interfacing as part of the core. Digital courses should

come earty‘intthe prOQram~to provide parallel

'\; ogﬁand,digita] learning,
paths. Higher level computer programming shou¥ ‘
Computer appHcation should be included in all cor‘e and aimany of the
Specialization courses as is approprlate. {Specializatwon and core. courses

\ shou]d providé\indepth toverage {with problem solving and 1aboratory reporta&
rather ‘than Crying to cover a multitude of .topics. Specialization should
heavily emphasaze the equipment and procedures used to test and develop
“electronic products. "; o \ \; . \ ? N

| Electronics Techno1ogy s

Electronxcs Techno]ogy curricula deszgned for servicwng technicians
vary from one year to two years. The’programs, that are designed to meet
the needs of the ;eaV%ce segment of the electronics 1ndustry, should .
proyide a well rounded but not necessarily 1edepth understandang of eleg-

tronics, develqp mechanacal ski]1s, and teach oral commu cation skills.

* The mathematics level should provide sufficient algebra and trigonometry to_

. ~develop the understandang in the core electronics courses. Ca?culus is not

required but\statist}cs,would be use?ul.*'Specialiaation courses should
involve tomp1ete system troubleshobting Strategies, mechanical disassemb1y
and reassembly of equ1pment, and use of d1agnost1c aids and equipment. The’
program should also involve management codrses which may foggs.on sales and

: service~organization‘ Graduates of servicing type programs are typioal?y

-
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: placed in field repair, manufacturing representative, central repair,
sales, and installation positions. Large market areas in which these posi-
. tions.occur are computers, computeé.peripberai,‘automated equipment, and

consumer electronics. T

a8

Servicing o%‘e]ectronic equipment at the customers site is becqming
less technical as more new products designed provide self diagnostics. The _
diagnostics identify the source of the problem, frequently with little

. human intervention. The main-task of the field service technician is to - . *
\ . I

* bring the equipment 'up’ [repawr] as rap1d1y as ppssible. The technician
should understand fhe equxphent at a systems leve} and proaect this confi-

~ . dence to the customer. Add1tiona11y, field modification of equipment may

! <

-

" be handled by fie]d service technicxan%.
- Technzcians in central repair locations typically troubleshoot the
- fai]ed unit ;\hnd in the field and replace the failed components" Bench

seryicing technicians are typica]ly equipped with dedacated test~equipment, e
) é NN ‘~ ’\ N ' ! 2 * N
which to various degrees, guides the technician to the faylty component, Other

tasks may include statistical faiiure, reporting mcd:facatmon of boards, and

setting up guided fault analysis on the dedicated test equipment. Consumer

L4

®lectronics servlcing in areas such ‘as computers, ‘video tape recorders, etc.

is expandwng but specialization courses stressing this area should specifical]y

‘target the products. “ [ | \ ) *

N @
w ;@ o ' . j

d .

- An Electronic Mahufacturing Technician’s major involvement will be in

a PR
Electronics Manufatturing Technology

- | 1nstallation, reconf1guring machipes, maintenance, automatic testing and *

qua?ity control. Curricula targetlng electronic manufactur:ng gechndWOQy
o _ should provide a broad background in electro-mechanaca1 core‘ These core

courses should include basic DC and AC, electrical machines, digital circuits,
, . 4 ‘ o »

manufacturing processes and planning, mechanics and fluids. Computer

. . : . . e

e o . 10
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\programﬁing courses involving higher‘levé} languagé‘such as BASIC aad numerical .
machine control Tanguéges such as APT should be part of the core. Mathematics
should pro;ide.applied\algebra and\trigonometny to support the core and
specialized coursges. An applied statistxcs course should also be 1nc1uded
in the mathematics sequence. Specialization courses. in e]ectronic 1nstru-
mentation, 1nstrument and computer interfacing, process contro] and robotics

. should be part of ,the curricylum. - Specia!ized curricula in robotics should

+

sbe carefully evaluated relative to the local industrfial needs.
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Entrance Requirements for Technician Education

" Career planning begins at-an early stage *in life. ‘Although one can ;;4i?f
.almost always sﬁitch cafeers; it is important that one does thorough plan- oy

ning during the early stages of high sch001 concerning a career path. A

R

high school student can prepare to receive careg¥ oriented training through
>

choosing “the proper high school course of study Because technical education :éx§

‘ and training in the future will require "a-mathematical founFatwon as well as

-

communication sk?lls, it s 1mportant to plan h1gh school é&f@?is which

include those subjects. v .

N

}~ '<§,. \ Tbe mathematics level required for:entrance to a technology program 8. j‘, .

A

generally: Algebra I Algebra II and Plane Geometry. The knqw]edgeg
Algebra is a necessary "tool in solvi\ng applied technvl‘ggy prob1ems‘and undf:r-~
standing mathematwcal JUSbificatzons. A backgrdhnd in P]ane Geometry is
useful for conceptnalizing diagrammatic representations. |

Communicatxon skills, both written and oral, are of 1mportance to the
individual embarking on a technical career. The techniczan must be able to
communicate with peers, as well as with 1aype0ple who do not have technical
knowledge Good. writing skills.are necessary to present technica] fdeas in
+the form of a technical report or a general technical paper* Those ski11s

° are usually developed further at, the post secondary level, but can be

acquired in high schonl ) °

. . e
_ It is a. common mlsconceptwon among high school students, that 1f they

;re not interested in courses that stress reading and wr1t1ng, that they '

should pursue“a techntca] career rather than a career tn the arts or

social sciences. A technician spends a significant amount of time writing
’ reports and preparing presentations. ' A ser}jce teghnician alsodlyteracts wrt?‘ *»\F“
ya the cu;;gﬁﬁr. A technician must have exceptional writing and Qerba] skills,

and be skiTled in human relations.’

-
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CAREER AWARENESS - . o .

‘ programs offerecL thmgh looai ebl»leges ’and universfgies, professioﬁ%l

High school guidance counselors are certamlg primary contact persons for

-

‘researching cgreer paths. In addition to the vaﬂous activihes arranged it

the high schoo‘l students should particzpate in Both formal and informal:

: organiza-tions. and spécial groups, such as the "Exp]orer" program offered - .

:‘by the Boy Scouts of America. fhe “Exp’ioner" p?'ogranr provides career . y ﬁ

awareness by &nvo'lvmg the part‘lcipant in the daily activihes of the j
professiona] I A . | S B

Professiona? societies such as the P E. (Pr‘ofessional Eng'ineermg) Society.

the I.E, E E (I‘nstitute of Electrical and Electromcs Engineers), and others '

;are offering vqnfous programs on the Jocal leve‘l to 1ntnoduce high school

students to the professions. Finaj'ly, students can contact 1oca1 industrial

firms, and arrange for visits and discussions with professional personnel to

-

achreve a bettep awareness .of theirpotentia] career choicess

. 14
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