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Advances can be achieved most effec
tively in high-technology fields such as 
laser electro-optics only if an adequate, 
well-trained work force exists. In the 
formative years of the early 1960's, 
research and development in laser 
technology was conducted primarily 
by engineers and physicists. An initial 
phase of this type is typical in new and 
emerging technologies; however, as the 
technology began to mature, as it did 
in the laser field in the late 1960's, 
rapid progress could continue only if 
an adequate supply of technicians was 

available to assist engineers and scien
tists in the development of laser-elec
tro-optics systems and in the conduct 
of laboratory investigations. During 
that period, employers generally at
tempted to assimilate their electrical 
and mechanical technicians into the 
laser field by cross-training them in 
optics and in the high-precision me
chanical assemblies that are employed 
in this field. There was no other op
tion. This method of producing laser 
technicians met with limited success. 
It soon became apparent that a new 
generation of technicians specifically 
trained in lasers and electro-optics was 
required. 

This paper presents the results of a 
deliberate effort made by government, 
educational institutions, and employers 
to develop relevant technician-training 
programs to meet the needs of the 
present and the future. We also discuss 
the status of the various programs at 
schools around the country and the 
availability of graduate technicians. 

The U.S. Office of Education, 
through its Bureau of Adult and Occu
pational Education, is authorized by 
law to provide funds for preparing 
curricula and developing instructional 
materials for training programs as well 

as disseminating programs to develop 
technicians for new and changing tech
nologies. In 1969 the U.S. Office of 
Education awarded a grant to Tech
nical Education Research Centers to 
develop a curriculum and instructional 
materials and later to promote two-
year post-secondary programs in tech
nical institutes and community colleges 
in the laser and electro-optics field. 
The goals of this five-year project were 
to design a model curriculum based on 
national needs and to make the curric
ulum as flexible as possible so it could 
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Fig. 1. Program development for technician training: 
emerging technologies. 
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be implemented with varied emphasis 
at schools in appropriate locales around 
the country, to develop tests and re
vise instructional materials for use in 
this training curriculum, and to assist 
schools in adapting the curriculum to 
their capabilities and to the needs of 
local employers. 

Technical Education Research Cen
ters (TERC) is a not-for-profit organi
zation that was formed to foster coop
eration among industry, government 
and schools for relevant technician 
training. TERC has developed similar 
curricula in a number of different tech
nologies and has evolved an effective 
methodology for arriving at the project 
goals listed above. 

Figure 1 outlines the five steps re
quired for the effective development 
of technician-training programs in 
emerging technologies. The time span 
for accomplishing the goals in such a 
program is typically four to seven 
years. At least the first three steps of 
this project must be completed before 
the initiation of academic programs. 
Schools then generally require two 
years' instruction before the first grad
uates emerge. Thus one can realize 
that such an undertaking must be an
ticipated five to eight years before the 
time at which a significant contribu
tion to the work force must be achieved 
from such educational programs. 

The first step in such a program is a 
needs assessment. Needs assessment is 
really the justification for conducting 
a developmental effort. Needs assess
ment determines how many jobs cur
rently exist, how many new jobs in 
this field will be needed two years, five 
years, ten years from the time of assess
ment. It consists primarily of a survey 
of existing and potential employers. 

Arthur H. Guenther is chief scientist of the 
Air Force Weapons Laboratory, Kirtland 
Air Force Base, New Mexico 87117. He is 
a member of the board of directors of the 
Optical Society of America and has acted 
as technical editor and consultant in num
erous curriculum-development programs 
for emerging technologies through the 
Technical Education Research Center, 
Southwest. Daniel M. Hull is general man
ager of the Technical Education Research 
Center, Southwest, 4201 Lake Shore Drive, 
Waco, Texas 76710. A graduate electrical 
engineer, he has been a prime mover in the 
development of the module concept dis
cussed in this paper. 

1. 

2. 

5. 

Needs assessment should determine 
not only when the jobs are available, 
but geographically where these jobs 
will occur. Furthermore, needs assess
ment should determine whether the 
new jobs require new graduates out of 
programs or retraining of existing 
employees. At the outset of a national 
project such as this, the organization 
conducting the research and develop
ment enlists the volunteer assistance of 
a national advisory committee of em
ployers who will meet together, usually 
semiannually, to provide information, 
review, and guidance to the project. In 
the case of the laser-electro-optics 
project, approximately 22 employers 
were members of the project advisory 
committee and met about 10 times 
during the course of the project. The 
efforts and input from the project 
advisory committee are essential to 
the project. 

Once the need for such a project 
has been justified, Step 2 commences. 
Step 2 is a task inventory to determine 
what the curriculum content should 
be. The advisory committee is asked to 
provide the job requirements, in this 
case for laser-electro-optics techni¬

cians. Job requirements mean those 
competencies in terms of performance 
tasks, skills, and knowledge of tech
nical principles that are needed for 
entry level into a technician job. These 
job requirements can then be converted 
into learning objectives for the curricu
lum. There are usually two types of 
learning objectives. One type is termi
nal objectives. An example of a termi
nal objective might be to align a laser 
cavity. The second type of objective 
is usually an enabling objective. An 
enabling objective for aligning a laser 
cavity might be to have an understand
ing of geometric optics dealing with 
the reflection of light rays from mir
rors. In Step 3, the instructional mate
rial development, these learning objec
tives are grouped according to subject 
matter and placed into courses, and 
the courses are then organized into a 
model curriculum. The curriculum 
consists of a listing and description of 
courses for a two-year post-secondary 
training program on a quarter, trimes
ter, or semester basis. Courses are nor
mally designed into modular units, 
with the modules being relatively inde
pendent. Although the curriculum is 
designed according to national needs 
on a national basis, if the curriculum is 
sufficiently flexible (modular) it can 
be tailored, i.e., some parts removed 
and other parts added, so the course 
can be adapted to meet needs of local 
or specific employers. 

All the work described in the first 
two tasks really leads toward the key 
element of the project, the preparation 
of appropriate instructional materials. 
Such instructional materials are not 
usually available in emerging technol
ogies for training at the two-year tech
nician level. These materials must be 



Fall 1979/OPTICS NEWS 19 

TABLE 1. Instructional-Module Format 

Section Content 

Introduction 
Prerequisites 

Objectives 
Subject matter 

Exercises 
Laboratory 

Materials and equipment 
Procedures 
Data tables 

References 
Test 

Why is this module important? What is in it? 
What does student have to know before studying the 

subject matter? 
What is required of student for successful completion? 
Technical presentation (principles, techniques, equations, 

example problems, equipment descriptions) 
Practice problems 
Hands-on learning activity: supports the subject matter 

Supplementary information 

useful in the intended work environ
ment; they must be primarily practical 
as opposed to theoretical. They must 
be supported, in the large, by "hands-
on" learning activities. Instructional 
materials are then evaluated and re
vised. This is Step 4 in this process. 
The evaluation process is done through 
a pilot program conducted at some 
school. First of all, the materials as 
they are developed are reviewed by 
employers to determine their appro
priateness and relevance to specific job 
requirements. They are further re
viewed by educators, faculty members, 
and school administrators to determine 
whether they are readable and under
standable to students at this stage. 
Technical editing is then accomplished, 
most effectively by one or two individ
uals to ensure continuity, uniformity 
of terminology, technical accuracy, 
comprehensive and appropriateness in 
in terms of the stated objectives and to 
assess the degree of difficulty. 

The development of a student pro
file is an important feature. The pro
file greatly aids in setting the most 
effective level of instruction for the 
program; e.g., in the laser-electro-
optical training program, mathematics 
proceeds to algebra, trigonometry, and 
logarithmic and exponential functions 
only. However, regardless of the opin
ions of employers or educators, until 
the materials are actually used in an 
instructional setting at a school, one 
does not know how effective they will 
be. At this point field tests are con
ducted at schools to determine whether 
the materials are educationally effec
tive, that is, whether the materials 
teach what they are intended to teach. 
At the beginning of each module a list 
of objectives is stated. During the field 
test, a pretest is given to determine 
how many of these objectives the stu
dent knows before the instruction. This 
is followed by a post test after comple
tion of the module to determine how 
much the students learned. The differ
ence between the pretest and the post 
test is a measure of the educational 
gain in the module. Other information 
that is obtained during field tests is 
whether the material is interesting to 
the students, whether the laboratory 
activities in the modules are workable 

and achieve realistic results, and how 
much time is required to conduct or 
teach each module. In some cases re
tention is measured; this is done by 
testing after a period of time to deter
mine if there is a need for reinforce
ment in the laboratory or classroom. 
However, experience has shown that 
retention is excellent because of the 
great amount of "hands-on" labora
tory work included in the program, 
which requires the frequent use of 
earlier-acquired skills. 

The results of these reviews and the 
information obtained on the field tests 
are then incorporated into changes and 
revisions of the instructional materials. 
The small box in Step 4 of Fig. 1 indi
cates a periodic update. Within three 
to five years after these materials have 
been developed they should be reviewed 
again by the developing organization 
to determine what changes have been 
made in the field and what additional 
modules need to be incorporated into 
the curriculum. 

A considerable amount of thought 
and time has gone into preparing the 
format and key elements in an instruc
tional module for a technician-training 
program. Table 1 outlines this instruc
tional-module format. The introduc
tion is provided primarily to stress to 
the student the importance of the 
module and what will be in it. The pre
requisites identify to the students and 
the faculty those key areas with which 
a student must be familiar before em
barking on the module. The objectives 
are one of the key elements in a mod
ule. They are succinct statements of 
what will be required of him or her on 

the test at the completion of the mo
dule. One does not keep the objectives 
a secret. 

The subject matter is the bulk of 
the module; this is where the technical 
presentation is made, where principles, 
techniques, equations, example prob
lems, and equipment descriptions are 
outlined. Following the subject matter 
are some practice problems under a 
section called "Exercises" and then 
the "hands-on" learning activities—the 
laboratory portion of the module that 
supports the subject matter. Here the 
materials and equipment are listed, the 
procedures are outlined, and data tables 
are provided. Subsequent to these are 
references, supplementary information 
relative to the module, and a conclud
ing module test. 

In addition to the obvious instruc
tional aspects of a laser-electro-optical 
training curriculum, attention has been 
given to equally important but less 
tangible characteristics of the desirable 
technician. In this regard, students are 
taught the importance of technical 
communications by the accurate, time
ly, and comprehensive use of labora
tory notebooks and are given practical 
opportunities to communicate by 
means of designs and schematics with 
material and electronic fabrication spe
cialists. In addition, they are expected 
to develop a sort of laboratory pres
ence, an "optical awareness," as it 
were, in their work environment. 
These attributes are melded together 
with a learned ability to specify and 
order parts with the appropriate con
cern for the profit motive when work
ing in a commercial endeavor. 
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A new course can be designed by 
selecting modules from existing 
courses. One must consider what the 
prerequisites are in these modules, but 
frequently new courses are designed 
by selectively choosing modules from 
existing courses and creating a new 
course. In accomplishing this course 
development, use is frequently made 
of the curriculum guide, in which 
courses are described, and a complete 
laboratory-equipment utilization ma
trix is found. 

The last step in the overall develop
ment process, and one that is of ut
most importance, is the activity con
ducted by the developing organization 
to ensure that programs are imple
mented in schools and other instruc
tional environments throughout the 
country. The developed materials, to 
date, have been used in 16 schools. 
They have also been used for employer 
in-house training and by professional 
societies for development training and 
updating to provide intensive one-, 
two-, and five-day short courses. They 
have been used as well by individuals 
for self-study. They are now being 
used to augment formal military tech
nician or instrumentation-specialist 
training. Of additional interest, these 
modules are available in a bilingual 
version with Spanish and English 
texts on facing pages. Thus the course 
can be taught in Spanish in a way such 
that the student is better able to grasp 
concepts and enter into more-probing 
discussions with the instructor while 
becoming intimately familiar with the 
more-frequently used English termi
nology. 

The elements involved in program 

implementation, or what we call dis
semination of these curricula, first of 
all require that the program be given 
visibility in appropriate forums, such 
as this publication, and that we iden
tify the interests and opportunities 
at various schools. We might add that 
the interest of at least two key people 
at a school is required for successful 
program implementation. A top ad
ministrator, for example, the president 
or the dean of the school, must be 
interested so that he or she can pro
vide the resources to ensure that this 
program is properly initiated and sup
ported. Further, a faculty member 
at the teaching level must be inter
ested to be able to promote this pro
gram, to recruit students, to seek jobs 
for the graduates. Ideally he or she will 
have had industrial experience in the 
laser-electro-optic field. However, 
please don't hire him away; that's 
like eating your young; rather, support 
and encourage him. 

Once a school is committed to im
plementing a program it should then 
enlist a local advisory committee that 
will serve in a way similar to that in 
which the national advisory committee 
serves the developing organization. 
The school should determine what the 
job requirements are-on a local basis 
and assist in the rearrangement of 
modules to adapt a curriculum for 
local implementation. At least a year 
is needed from the time the school 
decides to implement a program until 
the program is initiated. Funds must 
be set aside for items such as equip
ment (from $60,000 to $100,000 
must be available for equipment at 
the outset). Sometimes this cost can 

TABLE 2. Model Curriculum, Laser-Electro-Optics Technology 

Technical Specialty 
Courses Support Courses 

Curriculum 
Options 

Introduction to lasers 
Geometrical optics 
Laser technology 
Experimental optical methods 
Light sources and wave optics 
Laser-electro-optic components 
Laser-electro-optic devices 
Laser applications 
Laser projects 
Laser-electro-optic measurements 

Mathematics (algebra and trigonometry) 
Technical physics 
Drafting 
Technical communications 
Mechanical and fluid devices 
Electronic and mechanical fabrication 
dc and ac circuits 
Electronic devices 
Digital circuits 
Microcomputer operations 
Microcomputer hardware 

Electronics 
Vacuum and glass 
Optics 
Applications 

be greatly reduced by local employers' 
donating equipment to the school. 
Frequently, employer assistance in 
terms of part-time teaching is also 
beneficial to the school. 

Table 2 is a listing of the courses in 
the model laser-electro-optics technol
ogy curriculum. There are 10 technical 
specialty courses in lasers, optics, and 
electro-optics listed, and for all 10 of 
these courses instructional materials 
have been developed. In total, 106 
modular instructional materials have 
been developed. In addition, there are 
over a dozen more courses that are 
implemented into the model curricu
lum. These are called support courses; 
they are courses in electronics, com
puters, mathematics, physics, techni
cal communication, mechanical sys
tems, design and fabrication—courses 
that one would normally find already 
in existence at a two-year technical 
institute and for that reason courses 
that would not have to be developed. 

In the right-hand column of Table 2 
are listed several opportunities for 
curriculum options. It is not always 
advisable for a school to implement a 
full laser program at the onset, and 
sometimes for financial reasons a 
school has to start a program as an 
option within an existing program. 
Programs have been started as options 
in electronics, vacuum and glass tech
nology, or optics. 

Now, approximately four and one-
half to five years after the completion 
of this project development, there are 
sixteen two-year post-secondary insti
tutions offering variations of the pro
gram located throughout the U.S. 
These institutions are identified on 
the map shown in Fig. 2. These 
schools are all either currently con
ducting programs or preparing to con
duct programs for training technicians. 
More than 300 technicians will gradu
ate from these schools this year. These 
technicians are highly sought after. 
Most of them get several job offers, 
and annual starting salaries range from 
$11,000 to $21,000, with an average 
being about $14,000-$15,000. 

The addresses and names of course 
directors for each program throughout 
the U.S. were previously published in 
Optics News.1 ,2 One group of four 
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schools has rather broad and general 
laser-electro-optics technician pro
grams. Three more schools are grouped 
together that also have broad programs 
but are more intensive in some ways 
and pointed toward their graduates' 
moving into laser R&D areas. Six 
schools have begun their programs by 
making them laser options to existing 
electronics programs. And three other 
programs are laser programs with spe
cial emphasis, one being an emphasis in 
optics, another being an option into a 
vacuum and glass-working technology, 
and the other being primarily a skills-
development program. 

In addition to the training programs 
for providing new employees from 
these schools, these U.S. Office of 
Education-sponsored instructional 
materials have also been used in vari
ous retraining environments. More 
than 350 existing employees were 
trained in five-day courses that were 
sponsored by professional societies 
and training consultants across the 
country in 1978. In addition 125 
employees received one-half-, one-, 
and two-day professional advancement 
courses that were offered in conjunc
tion with national meetings of pro
fessional societies. At least 225 em
ployees were trained in 1978 in 
employer-sponsored courses or in¬
house training programs for 12 organ
izations. 

In conclusion, we would like to 
reemphasize the following key ele
ments: significant accomplishments 
have been realized through the co
operation of employers, government, 

Fig. 2. Two-year postsec¬
ondary institutions offering 
programs in laser-electro-
optics technology. 

schools and professional societies; the 
federal government through the Office 
of Education has put over a million 
dollars into this curriculum-develop
ment activity; each school among 
these 16 schools has made an initial 
investment of over $100,000 and the 
continuing investment of faculty sal
aries; employers have invested signifi
cant amounts of their resources by 
donating the time and travel of their 
employees to project advisory com
mittees, both on the national and the 
local level; in many instances, em
ployers have also donated equipment 
to schools so schools could supple
ment their equipment budgets with 
realistic current equipment to use in 
their laboratory exercises. 

The results of this effort are that a 
valuable reservoir now exists from 
which well-trained technicians can be 
hired. The laser-electro-optics industry 
can expect that 300 to 500 technicians 
a year will continue to complete these 
programs, and the enthusiastic en
dorsement of employers of the com
petency of these graduates speaks well 
for the proficiency of these training 
programs and the curriculum they are 
using. These efforts should be an en
couragement for those working in the 
field to support their local schools, 
either through their companies or 
personally, to try to encourage these 
people, and to lend them technical 
assistance whenever possible. 
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CLEO: 
Conference on 

Lasers 
and 

Electro-Optics 
The Quantum Electronics and Appli
cations Society of the Institute of 
Electrical and Electronic Engineers 
and the Optical Society of America 
have announced the sponsorship of a 
new national conference and exhibi
tion, the Conference on Lasers and 
Electro-Optics (CLEO). 

CLEO is the result of fusing the re
search-, development-, and applica
tions-oriented Conference on Laser 
Engineering and Applications (CLEA) 
with the systems- and applications-
oriented Conference on Laser and 
Electro-Optical Systems (CLEOS). 

CLEO will be held in the spring 
of each year and is expected to alter
nate between the East and West Coasts. 
The first conference will be held in 
1981. 

Richard G. Smith of Bell Laborato
ries is the chairperson of a steering 
committee responsible for manage
ment of the conference. 

The purpose of the conference is 
to disseminate knowledge and pro
mote the development of lasers and 
electro-optical technology, as well as 
to encourage the application of this 
technology. 

Invited and contributed papers in 
areas of current interest involving sys
tems, applications development, and 
research will form the material of the 
technical sessions. Contributed papers 
will be reviewed by a program com
mittee for quality and appropriateness. 

A vital aspect of CLEO will be its 
comprehensive technical exhibition 
and trade show. The show will serve to 
introduce new electro-optical and laser 
products to the market and will have 
educational value for mature workers 
as well as those entering the field for 
the first time. 


