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CHAPTER 1
INTRODUCTION

As man journeys into space, demands have been made on his support
systems to operafe in environments much different than those that exist
on earth. Environmental conditions Qf high vacuum, extreme temperature
change, extreme accelerations, and high velocities have been factors in
creating a need for systems engineering. Skills and knowledge that were
previously considered highly specialized are now being combined into new
technical oécupations (Roney, 1969, p. 201). This systems approach has
caused sweeping changes to take place in American industry, and in post-
high school educational institutions which supply an ever-increasing
proportion of industry's technical manpower (Dugger, 1968, p. 1). One
of the specific changes of this technological development is the cre+~
ation of thousands of jobs at the technician level which require the
completion of two years of post secondary technician education prior
to employment (Venn, 1964, pp. 17-19).

To provide this two year post-high school education, many communi-
ties have established new junior or community colleges. It has been
estimated that 50 new éommunity colleges will be created each year in
the foreseeable future (Reynolds 1969, p. vi). For these new two-year
ingtituions being created, the development of curriculums to meet the
technical needs of American industry is a problem of upmost importance.

As for the two-year training institutions, already in existence, the



changing industrial manpower requirements make it necessary to initiate
new and to improve old curricula. One of the new technical curricula
being developed is electromechanical technology. This program utilizes
concepts which cross the fields of electricity, mechanics, fluids,

acoustics, thermodynamics, and optics.
Statement of the Problem

To develop educational objectives for an occupational curriculum,
it is necessary to know what tasks are performed in the occupation and
the frequency of performing these tasks (Mager and Beach, 1967, p. 2).
In the emerging field of electromechanical technology, little research
has been done to determine the specific skills and knowledge needed in

the occupation.,
Purpose of the Study

The primary purpose of this study was to conduct an occupational
analysis of electromechanical technician occupations in order to deter-
mine the frequency of performing selected tasks and the area of activity
in which these tasks are performed. A secondary purpose of this study
was to analyze and organize this occupational analysis data in prepara-
tion for writing educétional objectives for an electromechanical tech-

nician education program.
Background for the Study

After the field study (Roney, 1966) was completed, the Technical
Education Research Center of Cambridge, Massachusetts, funded a demon-

stration program for the development of an electromechanical technology



curriculum at Oklahoma State University (sée Appendix I for summary of
field study). The purpose of this demonstration program was to develop
a curriculum and the accompanying instructional material for a two-year
electromechanical technology education program (see Appendix J for sum-
mary of demonstration program).

Along with this electromec¢hanical technélogy program, the Bureau
of Educational Personnel Development funded a graduate fellowship pro-
gram to train teachers to implement this technical education program in
appropriate instifutional media throughout the United States (see
Appendix K for summary of fellowship program). The final phase of this
graduate fellowship program entailed the development of an occupational
analysis questionnaire for analyzing the electromechanical technician
occupation. For the final master's report, each of thirteen partici-
pants (fellows) administered this questionnaire to a selected number of
electromechanical technicians and their supervisors. This questionnaire
was designed to determine the frequency with which selected tasks were
performed and the area of activity in which these tasks were performed,
in a selected number of organizations employing electromechanical tech-
nicians. The geographical area and type of industrial establishments
covered in each of‘the thirteen separate reports was usually limited to
the area to which each graduate fellow was going to establish an elec~

tromechanical technology program upon graduation.
Need for the Study

To develop educational objectives, as one element in the process
of curriculum development, the occupational analysis is needed to help

identify the tasks performed and the frequency of performing these



taskse In order to use the data mentioned in the preceding section for
: [ ]

an occupational analysis, it was deemed necessary to select additional

industrial establishments so that the study Qould be more representative

of those identified in the field study. The Education Professional

Development Bureau, acting on a specific proposal, approved this in-

creased scope of activity. Funding was subsequently made available and

the project was set in motion.
Assumptions of the Study

The design of the study was based upon two assumptions:

(1) the tasks performed by electromechanical technicians in
June 1970 were no different from the tasks performed in
March 1971, and

(2) the electromechanical technicians and their supervisors

completed the questionnaires to the best of their ability.
Congtraints of the Study

One major constraint of this.étudy was that it was not a random
sample of the electromechanical technicians or even industrial estab-
lishments employing electromechanical technicians. This occupation was
so new that the Standard Industrial Classification did not specifically
identify industrial activities that require electromechanical tech-
nicians. After consultation with manpower economists and educators
performing manpower research, it was decided that it would not be feasi-
ble to try to determine the population of industrial establishments that

employ electromechanical technicians. Therefore, the subjects for this



study were selected on criteria other than randomness. These criteria

are further delineated in Chapter III,

Definitions of Terms

Engineering Technician - An engineering technician is one whose
education‘and experience qualify him to work in the fieid of engineering
technology. He differs from a craftsman in his knowledge of scientific
and engineering theory and methods, and from an engineer in his more
specialized background and in his use of technical gkills in support of
engineering activities (ASEE, 1962).

Electromechanical Technician - An electromechanical technician is

an engineering techniciaﬁ whose education and experience qualify him to
work in the cqmbined fields of electrical and mechanical technologies.
He differs from the specialized technician in his cross-disciplinary
knowledge of scientific and engineering theory and methods.

Engineering Technology - Engineering technology is that part of

engineering which requires the application of scientific and engineering
knowledge and methods combined with technical skills in support of engi-
neering activities; it lies in the occupational area between the
craftsman and the engineer (ASEE, 1962).

Engineering Technology Curriculum - An engineering technology cur-

riculum is a planned sequence of college-level courses, usually leading
to the associate degree, designed to prepare students to work in the
field of engineering technology.
(a) The term college~level in the definition of a technology
curriculum indicates the attitude with which the education

is approached, the rigor, and the degree of achievement



demanded, and not solely or even necessarily that the
credits are transferable to baccalaureate programs.

(b) There are many specific branches of engineering tech-
nology in which curricula are offered. Commonly
encounteredhare such curriculum titles as mechanical
technology, electronic technology, chemical technology,
and civil technology.

Electromechanical Technology ~ Electromechanical Technology is an

engineering technology which is based on the technical concepts of two
or more specialized £echnologies. Primarily, electromechanical tech~
nology emphasizes concepts involved in electrical and/or mechanical
systems, but these concepts are applied to other areas such as
magnetics, optics, acoustics, and thermodynamics.

Electromechanical Technology Curriculum - Electromechanical tech-

nology curriculum is a careful integration of mathematics, communica-
tions, physics, and cross-disciplinary technical studies. Instead of
traditional discrete units of mechanics, electricity, heat, sound, and
light a system of unified concepts is utilized. The basic concepts of
energy conversion and mass transfer are introduced in generalizable
forms, applicable to mechanical, electrical, pneumatics, hydraulics,
and thermal‘systems. These are termed as unified concepts.

Crogss-Disciplinary - Two or more technical disciplines combined to

make one curriculum or occupation.

Third Generation - Curriculum or occupation in which the basic

scientific principles or concepts are utilized rather than the special-

ized techniques and knowledge appropriate for a single specialty.



Concept - A concept is a mental image of a thing formed by genera~-
lization from particulars.

Unified Concepts -~ A concept that can be applied to two or more

fields of study.

Occpgation - The térm '"occupation'" is used interchangeably with
the term ﬂjob". A job is thought of more in terms of a piece of work.
Yet, they both are defined as a specific duty - 'the principle business
of one's life."

Task - A task is a related set of actions required for the comple-
tion of a job bbjecfive.

Occupational Analysis ~ The procedure for determining (1) what

tasks and knowledges constitute a job or cluster of jobs, (2) how those
tasks and knowledges are to be performed at present and in the foresee~
able future, and (3) what behaviors are required of the worker in a
domain appropriate to relevant constraints. All of the above inputs
are determined from various levels of manpower in the work environment

and the appropriate professional educators.



CHAPTER II
REVIEW OF THE LITERATURE

The primafy purpose of this study was to conduct an occupational
analysis of electromechanical technician occupations in order to deter-
mine the frequency of performing selected tasks and the area of activity
in which these tasks are performed. A secondary purpose of this study
was to analyze and organize the data in preparation for writing educa~-
tional objectives for an electromechanical technician education program.

An effort was made, in this review of the literature, to develop
the relationship between occupational analyses and the writing of edu-
cational objectives. To do this, the literature was divided into these
major areas: occupational analysis, curriculum development, and

emerging technologies.
Occupational Analysis

The concept of the task analysis was implemented during World War 1
when it was necessary to train a large number of workers for a special
skill in a short period of time. Since that time, the task analysis has
been expanded to job or occupational analysis. In reviewing the liter-
ature it was found that the terms task, job, and occupatibnal analyses
were often used synonymously. Therefore, in this study, occupational

analysis was used except in quotations from other sources.



Since World War I, occupational analyses have been used in many of
the fields of vocational education. In an occupational analysis of the
agricultural supply business, Brinkley (1965) surveyed 90 employees in
65 businesses in Kentucky. Each employee completed a questionnaire
covering 251 tasks. Each task was checked as being very helpful,
helpful, or of little value. The results were used as a basis for
establishing fdur pilot programs in off-farm agricultural occupations.

Dillon (1965) did a study of certain abilities needed in licensed
nurseries and licensed ornamental horticulture businesses. FEach task
was to be checked in two areas: (1) need knowledge (No, Yes), (2)
ability to perform (a, b, c, d).

a. None (I do not perform this activity in my job).

b. I perform this activity with supervision.

ce I perform this activity without supervision.

d. I perform this activity without supervision so well that my

performance may be used to instruct others.
Dillon concluded different curriculums should be developed for each
program.

Another occupational analysis in agriculture was done by Long
(1968). The objective of this study was to obtain up-to-date facts
about clusters of tasks performed by Washington state farm operators
engaged primarily in producing grain, livestock, dairy commodities,
poultry, forest products, horticulture commodities, and general farming
commodities. The questionnaire listed 132 tasks to be answered yes or
no, if they had been performed in the last two years. The 132 tasks
were divided among 18 groups, such as soil structures, farm power, plant

pests, etc. The results of this study showed that tasks classified as
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management, marketing, animal care, and plant production were performed
by a large percentage of most categories of farm operators.

Rahmlow and Kiehn (1967) conducted an occupational analysis of the
child care occupation in the state of Washington. Their questionnaire
was similar to lLong's.

An occupational analysis of home related occupations was conducted
by Shipley (1967). The tasks listed in this questionnaire were checked
in one of three ways: I never do this task; I sometimes do this task;
I always do this taék. The data was analyzed as to the number of each

response in each of the three related occupations.
Curriculum Development

The development of a curriculum, whether it be a new one or the
improvement of an existing one, is a complex and time consuming task for
any instructor. In the early stages of curriculum development the phi-
195929¥‘9fmthe institution_and the overall institutional objectives must
be considered to establish boundaries for the curriculum (Emch, 1958,
pp. %41-57). Along with the institutional philosophy and objectives, the
students to be served and the prospective employers must be considered
before establishing a curricula that will start at the present level of
the students and progress toward the needs of the employers.

The major problems in curriculum development arise after the ini-
tial examination of the institutional philosophy and objectives. Five
problems that arise are: What courses should be included in the curric-
ulum? What should be the content of specific courses? What should be
the specific course objectives? What should be the arrangement of the

individual courses? What should be the arrangement of each course
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outline? In attempting a solution of these problems several approaches
may be used. One would be to choose a curriculum already developed by -
some other institution. Another would be to review the curricula from
several institutions and then select the parts of each that best suits
the philosophy and objectives of the institution. A third method would
be to use the advise of experts in the occupation to establish the
curriculum,

Probably the most effective way is a combination of these; along
with an analysis of the knowledges and skills needed for effective
performance (Dept. Heath, Education, and Welfare, 1962, p. 16).

The use of and need for educational objectives in curriculum devel-
opment has been discussed by many writers. Bloom and others (1956) dis-
cussed a taxonomy of educational objectives in which objectives are .~
first classified into three domains: cognitive, affective, and psycho-
motor. They stated that "Curriculum builders should find the taxonomy
helps them to specify objectives so that it becomes easier to plan
learning experiences and prepare evaluation devices' (Bloom, 1956,

p. 2). The commonly used sources in arriving at educational objectives
are such things as the students' present level of development, their
needs, and their interests. Other sources for objectives are conditions
and problems of contemporary life, activities that the individuals are
expected to perform, and problems they are expected to encounter.

| Tyler (1949, pp. 391-407) contended that the problems of curripulum
development and instruction are usually considered in relation to four
major types of questions.

1. What educational purposes or objectives should the school
or course seek to attain?
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2. What learning experiences can be provided that are likely
to bring about the attainment of these purposes?

3. How can these learning experiences be effectively orga-
nized to help provide continuity and sequence for the
learner and help him in integrating what might otherwise
appear as isolated learning experiences?

4. How can the effectiveness of learning experiences be
evaluated by the use of tests and other systematic

- evidence~gathering procedures?

In another publication, Basic Principles of Curriculum and Instruc-

tion, Tyler (1949) discussed two common arguments for using job analysis
for curriculum development and improvement. The first of these argu-
ments was that because contemporary life is so complex and because life
is continually changing, it is necessary to focus educational efforts on
the critical aspects of life that are important today. The job analysis
will help elimingte wasting time on objectives that were important fifty
years ago but no longer have significance. The job analysis- will also
help identify objectives that are now important but are not included in
the curriculum. The second argument for using the job analysis stems
from findings relating to transfer of training. Tyler said that as long
as educators believed that it was possible for a student to train his
mind in general and then transfer this training to a specific situation,
there was less need for an analysis of contemporary life. He further
stressed that studies of transfer of training indicate that the student
is most likely to apply his learning if it has been related to real-life
situations.

Tyler also gave three criticisms of the job analysis of contempo-
rary life. First, the identification of a contemporary activity does
not in itself indicate that it is desirable. Second, in the changing

world, contemporary activities might change, leaving the person
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unprepared for the future. Third, some of the critical problems of con-
temporary life and some of the activities engaged in by adults might not
be interesting nor a concern to the student. To assume that these
activities should become educational objectives neglects the importance
of considering student interests and needs as a basis for deriving
objectives.

In order to work out a plan for organizing a curruculum, it is
necessary to identify the elements of that curriculum which serve as
the organizing threads. From these threads the educational objectives
are obtained. These objectives shouldbe selected according to their
relative importance and frequency of use. There is much less likelihood
of the student forgetting material that is important and frequently
used. The three criteria to be used in selecting these learning experi-
ences are continuity, sequence, and integration.

Mager (1967) éaid that the object of vocational instruction is to
send a student away capable of performing satisfactorily on the job and
capable of increasing his skills through further practice. To achieve
this first goal, it is necessary to know what the jobs consist of, what
is needed to perform each task, and how frequently each task is per-
formed. To achieve the second goal, it is necessary to teach the stu-
dent to be able to identify perfect and imperfect performance of the
tasks.

To prepare a course to accomplish these goals, it is necessary
first to make a general job description. From this general outline, a
finer list of the tasks is composed (task analysisi. From this list,
the course objectives are drawn and the criterion examination is made.

To accomplish this task analysis, it is necessary to talk to the men on
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the job to determine what the job is and to the supervisor to determine
what it ought to be.

In developing the task analysis, the first step is to determine the
frequency of performance of the task. The frequency is very useful in
deciding how deeply to go into a subject, how much practice to provide,
and how to sequence the course. The second step is to list the tasks in
terms of what the person does when performing the task. The final step
is to list the learning difficulty of each task.

Mager stated in .conclusion:

There are probably as many techniques for performing a task

analysis as there are people doing it. The only large error

you can make is not to use any task analysis technique at all.

Evans (1966, pp. 3-19) presented a paper at the University of
Wisconsin in which he stated:

Most of this paper concentrates on the relationship of occu-

pational data for curriculum planning for education which is

occupationally related. The principle reason for thig limi-

tation is that we know a little more about curriculum planning

than about setting goals. Nevertheless, it should be remem-

bered that occupational data can and should be useful in

specifying society's goals for all of education and for deter-

mining the clientele of the school.

He went on to say that there are two major types of occupational
data required, supply and demand. Evans contended that more or less
accurate information is available on the number of people employed and
unemployed, but little data is available on the abilities, interests,
and achievement levels needed in different fields. He further contended
that in occupational education one needs to have a considerable amount

of data about skills as they relate to occupations. He concluded his

paper by saying:
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In the absence of data or in the absence of the use of data,

certain types of occupational education are remarkably resis-

tant to change, in spite of rapidly changing occupational

requirementse.

In discussion after Evans' paper, Meade (1966, pp. 25-29) said that
one does not have an efficient system of getting what little information
he does have about occupations to the people who determine educational
programs in the schools. He contended that, "You only have to visit
schools and hear teachers‘stumble their way through a description of the
jobs that exist outside the school sometimes just across the street."

Weibrod (1966, pp. 33-40), in discussing Evans' paper, said that
one needs definitions of occupations in terms of ''skill mixes and skill
clusters'".

Smith and Lipsett (1956, pp. 138-139) wrote that in constructing
curriculum based on an occupational analysis, the next step is to allo-
cate each task to some course of instruction. They suggested that a
simple but practical technique is to list the courses which seem to rep-
resent the major areas of content. 1In this outline of courses, the
tasks are placed where they are deemed most appropriate. They claimed

the following advantages for this method of approach:

1. Facilitates the elimination of duplication and superfluous
material.

2. Tends to provide greater incentive by virtue of its show-
ing relationship between activities and content.

3. Assists in providing stabilized and validated courses even
though instructors may change.

4, Aids in providing content prepared for a specific voca-
tional objective in contrast to general content.

One of the recommendations on technical curricula reported from a
conference of the American Association of the Advancement of Science

(1968), p. 18) was:
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Technical educators and the employers of technicians

should be fully aware of the rapidity of change in technical

occupations and their corresponding educational requirements.

Technical education curricula should be under continuous

cooperative study by institutions and employers, and, to the

extent possible, the need for change should be anticipated

rather than accommodated. The scientific community can make

important contributions by helping to foresee the direction

of change in science and technology that will affect tech-

nical education, and by helping to plan educational programs

that will take account of these trends.

The U. S. Office of Education (1962, Pp. 16-19) recommended that
the first step in curriculum construction, based on job analysis, be the
preparation of composite lists of knowledges and skills needed for
effective performance of the occupations. From this list of knowledges
and skills, subject matter areas are selected and divided into groups to
become courses. The next step in the curriculum construction is to
determine the educational objectives of each course from the list of
knowledges and skills associated :with that course.

Brandon and Evans (1965), pp. 263-279) suggested three basic re-
search tools for program-planning in vocational education. They were:

a. community occupational surveys,

b. local advisory committees with representative from both
management and labor,

ce occupational analysis.

One major change in the three basic research tools suggested by
these authors was to expand the surveys from the community level to the
national level, enlarge the geographical area for advisory committees,
and expand the occupational analysis to occupational clusters.

The electronics technology curriculum has been systematically
developed over several years and has a generally accepted outline
(Electronic Technology, 1967). A similar curriculum has also been

developed for mechanical technology (Mechanical Technology, 1962).
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These curriculums were developed for the U. S. Office of Education by
experts that had been working in the respective curriculums for several

years.
Emerging Technologies

With the development of scientific knowledge and the application
of this knowledge, it has become necessary for some technicians to
become knowledgeable in more than one field of technology. The field
study, (Roney, 1966) which was conducted in two parts, identified some
occupational and educational needs of the emerging electromechanical
technician. From an in-plant study, along with a mailed questionnaire
to determine the future need for electromechanical technicians, it was
determined that by 1970 there would be an additional need of 20,329
electromechanical technicians.

It was found, by Robertson (1970, p. 83), that only about 198
electromechanical technicians would be graduated in 1970. These grad-
uates would come from 21 schools with electromechanical technology pro-
grams. His survey indicated that only about five percent of the junior
colleges offered this program. He further concluded that many educa-
tional administrators did not differentiate between electronics tech-
nology and electromechanical technology.

An occupational analysis of an emerging occupation, the bio-medical
equipment technician, was completed by the Technical Education Research
Center (TERC, 1970). Their occupational analysis questionnaire listed
19 tasks to be indicated on a scale of zero to six as to the frequency
of performance. The questionnaire also listed 36 pieces of equipment.

To the equipment list the interviewee responded yes or no if the
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technician ever worked with the equipment, did preventive maintenance
and/or calibration on the equipment, install equipment for operation or
use, or carried out major or minor repair on equipment. Also on the
equipment lists were five levels of entry performance expected of the
technicians.

Although the tasks were responded to as to frequency of perfor-
mance, they were reported as to whether the task was performed by the
technicians. In listing the 19 tasks in the order of the percent of
respondents who performed them, a difference of less than ten percent
was considered not significant.

In reporting on the equipment used by the technicians, the percent
of respondances in each category was listed. The conclusion was:

Although the percentage of BMET's who perform calibration and

preventive maintenance are slightly lower than the percent-

ages of BMET's who carry out major and minor repairs, the

difference is too small to be :significant. This suggests that

BMET educational programs should be designed to give the stu-

dents skills and knowledge relevant to all four functions:

calibration, preventive maintenance, troubleshooting and

repair. :

The Technical Education Research Center of Cambridge, Massachusetts,

is also in the process of completing an occupational analysis of the

electro-optical technician.
Summary

From the review of literature, several major elements of the occu-
pational analysis are indicated as important for curriculum development
and the writing of educational objectives. The first of these is the
tasks performed and the frequency of performing these tasks. A second
element of the occupational analysis is to determine what the person

does when performing the task. A third element is to expand the
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occupational analysis to occupational clusters. A fourth element of
the occupational analysis is to determine both what the person does and
what his supervisor expects him to be able to do.

These major elements were generally agreed upon, by the various
writers, as being necessary in the occupational analysis. The writers
also generally agreed that the occupational analysis'is a useful tool
in curriculum development and the writing of educational objectives.
One major omission in the literature is the specific method of trans-

ferring the occupational analysis data to educational objectives.
Research Questions to be Answered

The research questions to be answered in this study were derived
from the review of literature and afe concerned with both the frequency
of use and area of activity of task performance by the electromechanical
technician. Also of concern were the selected unified concepts used in
instructing the electromechanical teéhnician education program at
Oklahoma State University. ,

The following research questions will be viewed from what the
technician does and from what the supervisors expect the technician to
be able to do upon entry.

RQ1. Which of the selected technical tasks are most frequently

performed by the electromechanical technicians, as viewed
by the technicians and as viewed by the supervisors?

RQ . Which of the selected communication tasks are most fre-

quently performed by the electromechanical technician, as

viewed by the technicians and as viewed by the

supervisors?
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Which of the selected mathematical tasks are most fre-
quently performed by the electromechanical technician,
as viewed by the technicians and‘as viewed by the
supervisors?

Which of the selected shop tools are most frequently
used by the electromechanical technician, as viewed by
the technicians and as viewed by the supervisors?

Which of the selected test instruments are most fre-
quently used by the electromechanical technician, as
viewed by the technicians and as viewed by the
supervisors?

What is the order of selected activities of performing
the selected tasks, as viewed by the technicians and as
viewed by the supervisors?

Which of the selected unified concepts are most fre-
quently used by the electromechanical technician, as
viewed by the technicians and as viewed by the
supervisors?

Is there a difference in the task performance of elec-
tromechanical technicians with an increase in years of
experience?

Is there a difference in the task performance of electro-
mechanical technician when viewed from different major
emphasis of work, e.g., research and design, production,
maintenance, and other?

Can educational objectives be written from the results

of the selected occupational analysis questionnaire?



CHAPTER II1
METHODOLOGY

The purpose of this chapter is to describe the design of the study
and the methods used in collecting and analyzing the data. 1In order to
achieve this purpose the chapter is divided into the following sections:

(1) sampling procedures,

(2) instrumentation,

(3) data collection, and

(4) analysis of data.
Sampling Procedures

The data utilized in this study were obtained from the industrial
establishments reported in the 13 master's degree reports referred to
in Chapter I, and the 15 additional establishments, subsequently
selected (see Appendix F for‘list of the industrial establishments).
The selection of industria; establishments, for each of the 13 reports,
was made either from a list of establishments in the field study (Roney,
1966) or establishments that would be potential employers of the grad-
uating electromechanical technician from programs the graduate fellow
expected to start upon completion of the fellowship program.

The selection of the industrial establishments contacted by each
graduate fellow was based on several criteria. Each student had a

list of the industrial establishments reported in the field study.
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From this list, the fellows selected those that they would contact.

The fellows that were already employed also selected industrial estab-
lishments from that geographical area. Other industrial establishments
were selected because they were conveniently located'for the fellows to
visit.

The additional industrial establishments were selected from those
reported in the field study on the basis of geographical location and
types of industrial establishments necessary to make this study repre-
sentative of those reported in the field study. This method of selec-
tion led to the selection of 15 additional industrial establishments
from the field study. These 15 establishments were contacted and inter-
views were arranged.‘ From these 15 establishments, usable data were
collected from 11. The data from one of the establishments could not be
gathered because of a misunderstanding between the contact personnel,
"the management representative, and the interviewer on the interview time
schedule. Two of the other establishments from which no data were col-
lected agreed with the contact personnel to the interviewé, but in dis-
cussions between the interviewer and the management representative it
was determined that they did not employ electromechanical technicians.
The other establishment from which no data were collected also agreed to
the interviews, but the work schedule at the appointed time m;de it
impossible to collect data from the supervisors or technicians. There-~
fore, the usable data included in this study were obtained from 57
industrial establishments, 66 supervisors of electromechanical techni-

cians, and 137 electromechanical technicians.
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Instrumentation

The questionnaire used in this study was developed through the
joint effort of 13 graduate students at Oklahoma State University.

These students had backgrounds in various technical fields, academic
education, teaching experience, and industrial experience. The instru-
ment was developed after working with the electromechanical technician
demonstration curriculum for a year and while enrolled in a course of
occupational analysis at Oklahoma State University. Because no standard
occupational analysis questionnaire was available for electromechanical
technology, it was necessary to utilize various personnel with different
backgrounds in technology to develop the occupational analysis question-
naire. This was accomplished by each of the graduate fellows listing
tasks in the field in which he had had the most experience. These tasks
were then reviewed and compiled inté a preliminary questionnaire by the
graduate fellows. The preliminary questionnaire was reviewed by Drs.
Maurice W. Roney and Paul V. Braden and then revised by the graduate
fellows. This revised questionnaire was pre-tested in two industrial
establishments in May 1970; the final revisions were then made.

In developing the questionnaire, many considerations and decisions
were made pertaining to the number of items listed and the fields to be
covered. One of these decisions was the different fields to cover in
the questionnaire. It was finally decided by the graduate fellows to
put the major emphasis on the six fields of electricity-electronics,
mechanical, fluid, thermal, acoustical, and optical principles. These
six fields were stressed in the electromechanical demonstration program.
It was decided to include a few general tasks in the fields of nuclear

and chemical principles. The next decision was to determine how many
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tasks were to be included in each field. One consideration taken into
account was the length of -time necessary for the interviewee to complete
the questionnaire. After studying other questionnaires and on advice
from Drs. Maurice W. Roney and Paul V. Braden, it was decided by the
graduate fellows to design the questionnaire so that it might be com-
pleted in 45 to 60 minutes. Therefore, the tasks selected for each
field needed to be limited and made general. Other related fields
included in the questionnaire were mathematics and communication. It
was also decided to include the use of some major shop tools and test
equipment. Because of the limited number of items listed in each area,
space was left for the interviewees to add other tasks, tools, and
equipment.

The questionnaire listed 91 tasks in eight fields of technology.
For each task a frequency of daily, weekly, monthly, seldom, or not
applicable was to be indicated by the interviewee. Also a primary
activity of instructing, modifying, analyzing, troubleshooting, install-
ing, testing, constructing, calibrating, repairing, servicing, or oper-
ating was to be indicated by the interviewee for each task. The
questionnaire categorized each of these tasks into one of the 11 uni-
fied concepts used in teaching the electromechanical techno;ogy demon-
stration program or into a category for tasks applying to all concepts.

The instrument also listed 19 tasks in mathematics. The frequency
of use of these tasks was rated as daily, weekly, monthly, seldom, or
never. The level of proficiency of these tasks was rated as do not
need, need general understanding, familiarity with terms but not nec-

essarily competent, need working knowledge.
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The questionnaire listed 11 tasks in communication with a freduency
of use the same as for mathematics. Also listed in the questionnaire
were eight shop tools and 36 general test instruments used in different
fields of technology. For each of these shop tools and test instrument
a frequency of use, the same as for the 91 tasks, was to be indicated.
For each category space was left for the interviewee to add neceésary
tasks or equipment not otherwise covered (see Appendix D and E for the
questionnaire used).

A separate information sheet was provided for each supervisor and
technician to be completed at the time of the interview. (See Appendix
C and E,) A letter of introduction with a general information question~
naire was to be completed by the management personnel. The information
gathered from the management personnel was used in setting up the inter-
views, follow-up work, and special comments by the representative per-

taining to electromechanical technicians (see Appendix A and B).
Data Collection

Each industrial establishment was contacted to determine if they

did employ electromechanical technicians and to arrange interviews. The
interviewees, both supervisors and technicians, were selected by manage-
ment personnel on basis of being classified as, or working as, electro-
mechanical supervisors or technicians. The technicians were instructed
to complete the questionnaire as it pertained to their present job. The
supervisors were instructed to complete the questionnaire as to what
they expect the electromechanical technicians to be able to do upon

entry. A researcher was available while the interviewee was completing
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the questionnaire to angwer any questions and to make sure the question~-
naire was completed correctly.

The typical procedure for conducting the interview was (1) to con-
tact the management representative, (2) interview the supervisors of
electromechanical technicians, and (3) interview the electromechanical
technician. .

Several methods were used to make the initial contacts with the
management representative. They were: (1) mailed letters, (2) tele-
phone calls by interviewer, (3) personal contacts by interviewer, and
(4) telephone calls to selected representative from an industrial estab-
lishment. The fourth method proved to be the most effective and effi-~
cient method to arrange the interviews and was used in contacting the

additional 15 establishments.
Analysis of Data

To analyze the data in preparation for answering the research ques-
tions, the first step was to tabulate it by frequency of task perfor-
mance. 7To answer research questions one through five, which pertains to
the frequency of use, the tasks, tools, or test instruments were ranked
according to the number of respondents indicating a frequency of use.

To answer research question six, which pertains to the érea of
activities of performing the tasks, the percent of responses for each
area of activity was listed for each task.

To answer research question seven, which pertains to the frequency
of use of the unified concepts, the unified concepts were ranked accord-
ing to the number of respondents indicating a frequency of use. As

there was a different number of tasks relating to each unified concept,
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an equivalent number, for ranking purpose, was established by dividing
the total number of responses for each unified concept by the number of
tasks relating to that unified concept.

To answer research question eight, which pertains to the differ-
ences of task performance with an increase in years of experience, the
data from the technicians were divided into four groups according to
years of experience as an electromechanical technician. The four groups
were zero to two years, three to five years, six to ten years, and more
than ten years of experience. All fraction of years of experience were
rounded off to the nearest whole number year. The data were then ana~
lyzed to determine changes or trends.

To énswer research question nine, which pertains to the differences
of task performance according to major emphasis of work, the data from
the technicians were separated into groups according to major emphasis
of work, e.g., résearch and design, production, sales, maintenance, and
other. The data were then analyzed to determine similarities and
differences.

To answer research question ten, which pertaing to the writing of
educational objectives from the results of the occupational analysis,
subjective evaluations of the data and information obtained during the
oral interviews were used.

To organize the data technical tasks were ranked in descending
order according to the number of respondents indicating a frequency of
use. The percentage of respondents for each area of activity was cal-
culated for each task. The communication tasks, mathematics tasks,
test equipment, and shop tools were also ranked in descending order

according to the number of respondents indicating a frequency of use.
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The responses of the supervisors were compared to those of the
technicians. To make this comparison, a Spearman rank coefficient of
correlation rs was used. This coefficient was calculated by using the

following equations (Siefel, 1956):

r=1_§Z—d_—_-

S N - N
rs = the Spearman rank coefficient of correlation
d = the difference in rank of the items

N = the number of items being correlated.
If a significant number of ties occurred, then the coefficient was

calculated by using the following equationse.

_Zx?4+ Fy?- 3d?

r =

2/ ¥x2y
where Tx® = EEEE—E - Etx
and £y? = Tz - pt
where t = Eizg—i

t = the number of observations tied at a given rank.



CHAPTER 1V
PRESENTATION AND ANALYSIS OF THE DATA

The presentation of data in this chapter is organized around three
major divisions of the research questions. These major divisions are
supervisors' and technicians' data, technicians' data by years of

experience, and technicians' data by major emphasis of work.
Supervisors' and Technicians' Data

The infdrmation presented in this section includes the usable data
from 66 supervisors of electromechanical technicians and 137 electro-
mechanical technicians from 57 industrial establishments. To rank the
electromechanical tasks in Tables I, II, and III, the total number of
interviewees indicating a frequency of use of daily, weekly, monthly or
seldom was computed and then the tasks were ranked from the largest to
smallest total.

To compare the ranking of tasks by the supervisors to that of the
technicians, a Spearman rank coefficientof correlation r_ was calculated.
This coefficient was .93 when the rankings of the electromechanical
tasks by the super#isors was compared to the ranking by the technicians.
The technicians tended to rank the mechanical and optical tasks higher
on frequency of use while the supervisors ranked the fluid and thermal
tasks higher. This is shown by a difference of 10 or more in the rank

of three mechanical tasks gear ratios for maximum power transfer, gear
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TABLE I

RANK ORDER OF ELECTROMECHANICAL TASKS
BY FREQUENCY OF USE

66 Supervisors

Number of Respordents Indicating Each Frequency of Uss
137 Technicians

5l 219 212l 9] 8
: 3 1 3
Tasics Al 2| 8 | 3 sk A 3| 81 3
Potential differences in oircuit 48 [3 7 2 Current flow by use of instruments | 53 33 16 15
Current flow by use of instruments [&2 12 6 3 Potential differences in oircuit 72 24 6 14
Inductance and/or capacitance 23 14 8 13 Circuit losses 33 17 16 36
Circuit losses 28 9 11 9 Thersocouples 23 25 26 27
.ﬁoeingnuom of slectronic Precision measuring instruments
cemponents pU 21 15 7 and precision tolerances b 23 16 15
Integrated oirouits 28 10 9 7 Irductance and/or capacitance 24 24 21 31
Specifications of eleotronic
Thermocouples 15 16, 1 9 components 33 22 18 27
& and/or XL 19 9 6 19 Integratéd ocircuits 26 23 14 33
Precision measuring instruments
and precision tolerances 29 8 5 9 The gain of an amplifier 18 24 24 26
Rise and fall tinmes 23 11 4 12 Thermal control devices 18 21 24 25
The gain of an amplifier 14 15 6 15 Pulse ard logio circuits 34 1?7 1% 22
Thermal contrcl dsvices 15 9 10 16 Rise and tgll times 22 21 15 27
The effect of feedbsck loop compo-
Pulse ard logic circuits 26 7 9 ? nents in electronic eirocuits 11 14 1B 42
The sffect of feedback loop compo=
nents in electronic oircuite 11 10 14 12 Bias networks 12 25 15 0
Bias networks 7 17 8 14 xc and/or XL 12 b 15 40
Heat sink and radiator capacities 8 ? 8 22 Gear trains ard linkage 12 24 24 18
Specifications and characteristics
of fastening devices such as
adhesives, bolts, rivets, screws
ard welds 1 11 7 16 Speed control mechanisus 16 16 18 27
Spsoifications and characteristics
of fastening devices such as
adhesives, bolts, rivets, screws
3peed control mechanisms 13 10 9 12 ard welds 22 12 12 29
Piezoslectric devices 6 4 S 28 Photossnsitive devices 8 17 20 27
Antifriction devices ard lubricants |13 8 11 11 Heat sink ard radiator capacities 7 10 12 41
Micro electronic conmponents, Power converters and energy )
oircuits, and packaging 15 4 13 11 storage cell 10 11 19 30
Mechanical irdexing or sequenching
Photosensitive devices 13 12 6 12 devices ) 15 15 11 29
Power converters ami ensrgy Micro electronic components,
storage cell 7 11 6 18 oirouits, armd packaging 24 10 1 24
Charactoristics of materials such
aa, hardness, tempsrature charec-
Pressure drops in & systea 1 12 10 8 toristics, ete, 17 14 12 26
Rates of flow 15 11 7 8 Rate of flow 11 19 1% 24
Gysten losses dus to pressure Fluid regulators, sensors, switches
drops 10 11 pie] 10 and valves 11 16 15 26
Gear trains and linkages 13 8 11 9 Component values for tuned circuits; 7 12 17 30
Thermal capaocity and thermal . .
resistance 8 s 10 18 Light intensity 8 18 18 21
System power requirements dealing
Component values for tuned oirouits | 8 7 7 19 with pumps, compressors, eoto, 21 10 20
Fluid regulators, sensors, switches
ard valves 13 8 ? 12 Antifriotion devices and lllbl'lOlhtl. 14 14 16 19
Power transmission systens such as
Mechanical servos 1 6 7 18 belts, ohains ami drive shafts 12 19 15 1?
Thermal capacity and thermal R
Dew point or humidity 8 6 ? 18 resistance . 8 12 17 26
Fower transaission systems such as
belts, ochaihs ard drive shafta 17 & [ 11 Presaure drops in & system 12 17 13 |- 20
Mechanical indexing or ssquenching Stress and/or strein caused by
devices 9 9 8 12 static forces : 9 b 10 27
Heat flow rates for temperature
differential 8 [ 5 20 Fhoto salttive devices 6 9 21 24
Fowear requirements of mechanical
systens 6 4 6 21 Lena systens 11 16 15 17
Chapacteristics of naterials such zs
hardness, tempereture charec-
toristics, stc, 8 8 7 U Piezoeleotric devicea 5 11 13 28

“Tasks as derived from instrument, prefaced by "do you work with or determine."
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TABLE I (Continued)

Task § a g § Task f.? g g 'E
£ 3| 3 : 2| 3| 5| 3
. Powsr requirements of mechanical
Vibratory systems of amlysis L 5 14 13 systons 8 10 12 28
Gear matios for mexinum power
Fluid measuring devices 8 4 5 19 transfer 4 ? 10 37
Stress ard/or strain oaused by j
statio forces 7 5 4 19 Mochanical servos 9 9 17 23
Heat losses 6 6 [ 17 Transmlssion ard deley linss 10 k] 12 92
Transaission ard delay linss 6 6 5 18 Vibratory systems or analysis 4 b b 34
Iight intensity 10 5 13 7 Rotatioml or translational rates 9 11 13 22
Specifications and charscteristics
of fittings, pipes and hoses 9 7 5 13 Jysten losses due to pressure drops| 3 10 17 24
Photo omittive devices 9 8 4 13 Jystem response time 7 1 10 26
Tranaducers such as mlorophones
and speakers : [3 6 7 115 Bearing loadings amd specifications| 7 10 12 2k
Irdustrial control and high power
Rotational or translstioml rates 7 4 7 15 switching circuits 12 { 10 11 19
Systenm power requirements dealing .
with punps, compressors, eto, 12 7 9 5 Fluid measuring devices 10 8 13 20
Lens systems 8 6 13 3 Optical filters and polarizers 5 10 ? 28
Industrial control and high power X 1 Spacifications and characteristics
switching cirouits 14 4 5 10 of fittings, pipes and hosss 9 9 10 22
Spring constants ard/or inertial
Thermal ohambers 6 6 15 6 values 4 [ 10 29
Jystem response tipe 7 7 7 11 Laminetes plastics ard cersmics 9 11 9 18
Gear ratios for maximum power
transfer 3 5 L 19 Thermal chambers 10 13 9
Fluidio devices such as oacillators
sonsors, switches, eto, 6 7 10 8 Cosfficient of friction L 8 8 26
Fluids servoe devices 9 6 6 10 Heat losses 5 9 10 22
Stresses and strainas bty dymamic
Coefficient of friotion 4 2 ? 417 force 6 11 11 18
Spring constants amd/or inertial : Fluidio devices such as osclllators,)
valuss 5 4 6 15 sensors, switches, ote, 7 8 8 22
Heat flow mates for tempemature
Specific heat 6 5 2 17 differential’ a0 7 5 22
Or ad just hydraulic servo systeas tq Transducers such as microphones
mest performance specifications 5 3 7 15 ard speakers 4 7 7 26
laminates plastics and ceramics 6 ¥ 5 12 Dow point of humidity 11 7 9 16
Fluid capacitance 6 3 9 11 Sourd intensities L 3 12 23
Stresses amd streins by dyramic
force 2 5 7 bL Specific heat 6 ? 6 22
Bearing loadings ard specifications| 6 2 9 10 Sourd frequencies 7 5 8 18
Thermal system efficiency 3 3 7 1k Light frequency 6 5 1 1k
Refrigeration ami/or aircomitioning
Sound intensities 3 3 5 16 syatems 3 2 4 27
! factors 5 2 [ 13 Thermal system sfficiency 3 10 7 15
Sound frequencies 5 3 6 12 Fluid servo devices 3 4 8 20
Modulation percentage 4 ? 5 10 Ultransonic 5 5 5 19
Refrigeration andfor airconditloning
systeus 7 " 6 9 Luminescent materials 2 2 8 26
Maximun power transfer in a system 3 5 5 12 Maximum power transfer in a system 2 3 9 19
’ Fluld chareoteristies or
Ultrasonic devices 6 10 4 5 specifications 6 4 4 19
Fluid characterdstics or
specifications 7 2 7 8 Fluid capacitance 6 3 8 15
Optical filters and polarizers 5 5 8 5 Resorant comditions 5 2 8 15
Or ad just hydraulic sorvo systems %o,
Fluid actuator parameters 6 2 7 8 mest performance spscifications 1 5 7 17
Frequencies above 500 megaherts 4 6 0 12 Modulation percentage 2 4 6 {17
Resonant corditions 5 2 3 12 1! factors 3 2 4 19
Luminescent materials 4 5 6 6 Diffraction gratings L 3 ? 13
Iight frequency 5 2 4 9 Frequencies above 500 megahartz 2 2 2 18
Antenna field strength 3 1 3 13 Cryogenio systems 4 4 4 11
Laser devices 2 3 5 9 Fluid actuator paramesters & 1 5 13
Sound absorption cosfficlents 1 2 3 pal Antenna field strength 0 2 3 16
Diffraction gratings 3 0 2 8 Laser devioces 1 2 2 12
Cryogenic systems 3 2 3 ? Sound abaorption coefficient 2 [ 1 12
Velocity of sound in various media [ L3 1 5 Velocity of sound in various media 1 1 [ 13
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trains and linkages, and bearing loadings and specifications and the six
optical tasks light intensity, lens systems, light frequency, optical
filters and polarizers, photo emittive devices, luminescent material.
The five fluid tasks and three thermal tasks ranked higher by the super-
visors are system losses due to pressure drop fluid capacitance, fluid
serv; devices, adjust hydraulic servo systems to meet performance speci-
fications, fiuid measuring devices; heat flow rates for temperature
differential, heat losses, dew point or humidity. Of the 21 selected
electrical-electronic tasks listed in the instrument, the supervisors
ranked 14 in the upper quartile and the technicians ranked 13 in the
upper quartile. The supervisors ranked five of the nine optical tasks
and six of the seven acoustical tasks in the lower quartile. The tech-
hicians ranked four optical and five acoustical tasks in the lower
quartile.

The information presented in Tables II, III, and IV pertain to the
area of activity of task performance by the supervisors and technicians.
The tasks are ranked according to the frequency of use as they were in
Table I. The numbers in each row indicate the percent of respondents
indicating that activity for the task. (Note: These percentages might
not equal 100 percent because of rounding off.) Table II is the infor-
mation from the supervisor's questionnaires and Table III is the infor-
mation from the technician's questionnaires. _The information in Table
IV is the percent of respondents for each area of activity as indicated
by the supervisors and technicians.

The activities most often indicated by the supervisors and techni-
cians were Analyzing, Troubleshooting, and Testing. Construction was

the next highest for both supervisors and technicians. None of the
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TABLE II

AREA OF ACTIVITY OF TASK PERFORMANCE:
66 SUPERVISORS

Percent of Respondents Irdicating Each Area of Activity

3
¥ 3 e
g | 4 5 RN B
: i3 'SR EERE N
3 ]
- BEEEERRE HERERREN
Potential differences in circult 6,3 4,8 15.9 42,9 1.6 19.0 3.2 3.2 . 1.6 1.6
Current flow by use of instruments 3.2 4,8 17.5 9.7 23.8 3.2 4.8 1.6 1.6
Inductancs and/or capacitance ER 1.7 15.5 37.9 2% 5 6.9 5.2 1.7 3.5 1.7
Cirouit losses ) 3.5 1.8 3.6 [ 17.5 1.8 . 3.5
Specifications of electronic
conmponents 14,0 15.8 17.5 22.8 19.3 5.3 1.8 3.5
Integrated circudts 7.4 13.0 29.6 3.7 2kl 13.0 L9 3.7 3.7
Thermocouples 3.7 7.0 ] 29,6 7.4 | 33.3 5.6 5.8 1.9 5.8
X, andfor X , 3.8 1.9 32,1 26,4 22,6 5.7 3.8 1.9 1.9
Precision measuring instruments . )
ard precision tolerances 3.9 5.9 11.8 25.5 7.8 15.7 11,8 5.9 3.9 3.9 3.9
Rise ard fall times 4,0 4,0 28,0 { 32,0 22,0 6,0 2,0 2,0
The gain of an amplifier 2.0 6.0 24,0 ‘30,0 26,0 4.0 6.0 2,0
Thermal control devices 4,0 2,0 6,0 32,0 8,0 26,0 6,0 4,0 &,0 8,0
Pulss and logle oirouita 6,1 16.3 32.7 2.0 22,4 14,3 4,1 2,0
The effect of fesdback loop compo=
nents in electronic circuits 23.4 4o,4 23.4 2.1 2.1 2.1 2,1
Bias networks 4.3 8.7 | 15.2 1 37.0 2,7 | 10,9 2.2 i
Heat sink and radiator capacities | 2,2 | 8,9 | 26,7 | 17,8 13.3 | 15.6 6.7 2.2 (X3 2.2
Specifications ard charaoteristiecs .
of fastening devices such as
adhesives, bolts, rivets,. screws
and welds b4 1.1 11,1 8.9 13.3 17.8 22.2 8.9 2.2
Speed control mechanisms 2.3 9,1 9.1 36,4 4.5 22,7 9.1 2.3 4,5
Piezoelectric devices 2,3 4,7 11,6 20,9 4,7 27.9 n,6 2.3 7.0 7.0 -
Antifriction devices and lubricants | 2,3 2.3 14,0 25,6 2,3 14,0 11,6 b7 23.3
Micro electronic components, .
circuits, and packaging 7.0 18.6 27.9 9.3 18,6 9.3 4,7 b7
Photosensitive devices 4,7 2.3 20,9 34,9 2.3 16,3 4,7 2,3 7.0 4,7
Powsr converters anml ensrgy .
storage cell 2,1 7.1 9.5 35.7 26,2 7.1 2.4 . 9.5
Proasure drops in & system 4,9 2.4 12,2 3,1 2,4 244 4,9 2.4 2.4 7.3 2.4
Rate of flow 4,9 2.4 19.5 26.8 2.4 29.3 2.4 2.4 2.3 7.4
System losses due to pressure
drops 2,4 2.4 14,6 39.0 4.9 19.5 2.4 2.4 4.9 4.9 2.4
Gear trains and linkages 2.4 4.9 14,6 29.3 7.3 12,2 12,2 2.4 9.8 2.4 2,4
Thermal capacity and thermal
resistance 1 2.4 19,5 26.8 2.4 3.7 7.3 2,4 ] 7.3
Component valuos for tunsd oirouits | 4,9 2.4 24,4 26,8 2.4 19.5 7.3 2.4 4,9 2.4 2.4
Fluid regulators, sensors, switches
and valves 5.0 10,0 5.0 35,0 2,5 17.5 7.5 2.5 7.5 7.5
Mechanical servos 2.6 10,3 2,6 28,2 5.1 25.6 10,3 7.7 2.6 5.1
Dew point or hunidify 2.6 15,4 17,9 7.7 38.5 7.7 10,3
Power transmission systems such as
belts, chains and drive shafts 5.3 5.3 2,6 39.5 7.9 7.9 10,5 . 15,8 2,6 2.6
Mechanical irdexing or sequsnching
devices 7.9 13,2 31.6 7.9 15,8 10,5 10.5 2.6
Heat flcw rates for tempareture
differential 27,0 21,6 24,3 5.4 5.4 2.7 13.5
Power roquirements of mechanical : ’
systoms 2.7 8.1 18,9 16,2 5.4 16,2 13.5 8.1 5.4 5.4
Charscteristics of materiels such as ) : ’
hardness, tempesrature charmo- .
teristics, eto, 2.7 5.4 21,6 16.2 5.4 32,4 5.4 2.7 8.1
Vibretory systems cr analysis 2.8 5.6 | 16,7 27.8 36,1 5.6 5.6
Fluld measuring devices 5.6 2,8 8.3 | 27.8 5.6 | 30.6 5.6 | 5.6 5.6 2.8
Stress and/or strain caused by - .
static forces 2,9 5.7 14,3 25.7 28,6 1.4 5.7 5.7,
Heat losses 2.9 2.9 | 28,6 | 200 29 | 229 2.9 2.9 5.7 | 8.6
Transmission ard delay 1lines 5.7 5.7 3?7.1 5.7 314 | 5.7 5.7 2.9 ’
Light intensity 5.7 25,7 | 25.7 2.9 | 23.% 5.7 5.2 2.9 2.9

*Tasks as derived from instrument, prefaced by "do you work with or determine."
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TABLE II (Continued)
5’
&
il s g | 4 | N B O O
g ¢ | £l 2l | | 3
§ g | 3 3 8 3 3 £ 2
na ARININ IR IR IR AR RN NN

Speaifications and charecteristiocs

of fittings, pipes and hoses 2.9 1,8 5.9 1.8 14,7 11.8 14,7 17.6 5.9 2.9
Photo emittive devices 2.9 2.9 17,6 M 38.2 5.9 4,7 2.9 2.9 2,9 5.9 2.9
Trensducers such as microphonss

ard speakers 5.9 17,6 17,6 5.9 26,5 2,9 5.9 _5.9 5.9 5.9
Rotational or translational rates 6,1 6,1 18,2 27.3 3,2 3.0 12,1 9.1
Systen power requirements dsaling

with punps, compressors, sic. 3.1 3.1 12,5 21,9 6,3 25,0 9.4 6,3 3.1 9.4
Lens systems 3.0 15.2 ‘22,3 9.1 15.2 9,1 12,1 3.0 3.0 3.0
Industrial control and high power

switching circuits 3.0 9.1 9.1 39.4 6,1 15,2 %1 6,1 3.0
Thermal chambers 3.0 3.0 6.1 18,2 42,4 9.1 6,1 3.0 3.0 6,1
System response time 3.1 3.1 15.6 M .4 37.5 3.1 3.1
Gear ratios for maximum power

transfer 22,6 12,9 6,5 3.2 16.1 9.7 16,1 9.7 3.2
Fluidic devices such as oscillators,

sensors, switches, ete, 3.2 9.7 9.7 29.8 6,5 25,8 6,5 3.2 3.2 3.2
Fluids servo devices 6.5 9.7 35.5 6.5 19.4 3.2 6.5 6.5 6.5
Coafficient of friotion 3.3 3.3 10.0 20.0 30,0 13.3 13.3 6,7
Spring constants and/or inertial .

values 3.3 20,0 16,7 23.3 16,7 6,7 10.0 3,3
Specific heat 3.3 10,0 23.3 16,7 3.3 26,7 10,0 6.7
Or adjust hydraulic servo systems to «

meot performance specifications 6.7 10,0 36,7 6.7 23.3 6.7 3.3 6,7
Taninates piastics and ceramics 3.3 6.7 | 16.7. | 0.0 3.3 | 167 | 23.3 13.3 6.7
Fluid capacitance 3.4 10,3 1,0 3.4 3,0 13.8 3.4 3.4
Stresses and strains by dynamic

force 7.1 3.6 14,3 25.0 28,6 10,7 3.6 7.1
Bearing loadings and specifiostions | 3,7 11,1 14,8 18,5 3.7 29,6 7.4 7.4 3.7
Thermal system efficiency 3.7 7.4 33,3 14.8 25.9 3.7 1.1
Sound intensities 7.4 3.7 18,5 18.5 7.4 29.6 3.7 74 3.7
Uk factors 3.8 k2.3 15.4 3.8 11,5 3.8 2.7 11,5
Sound fraquencies 3.8 26,9 15.4 3.8 W6 3.8 3.8 7.7
Modulation percentage 3.8 5.4 | 231 ) 42.3 7.7 3.8 3.8
Refrigeration andfor airconditioning, .

systoms 3.8 11,5 26.9 7.7 23,1 7.7 3,8 7.2 2.2
Kaxizun power trensfer in a system 4,0 24,0 24,0 4,0 24,0 8.0 8,0 4,0
Ultrasonic devices 8,0 12,0 28.0 20,0 8,0 4,0 4,0 4,0 12,0
Fluid characterdstics of

specifications 12,5 29.2 16.7 4,2 20,8 4,2 b2 8,3
Optical filters ard polarifers 8,7 21.7 8,7 174 34,8 4,3 4,3
Fluid actuator paremeters 4.3 8.7 17,4 26.1, 4,3 17.4 4,3 4,3 8,7 4.3
Frequencies above 500 megsherts 9,1 4,5 13.6 13,6 36,4 9.1 4.5 4.5 4,5
Resonant conditions 4,5 27.3 27,3 4.5 22,7 4.5 45 4.5
Luminescent materials 4,8 4,8 23.8 | 19.0 14,3 19,0 4.8 4.8 4,8
Light frequency 4,0 45.0 10,0 . 20,0 5.0 10,0 5.0
Antenna field strength 5.0 5.0 20,0 15,0 10,0 30,0 . 10,0 5.0
Laser devices 2.1 | 158 | 105 | 263 | 10,5 | 10,5 5.3
Sound absorption coefficisnts 6.3 3.3 25.0 18.8 6.3 6.3 6.3
Diffraction gratings 6.3 18.8 18,8 6,3 12.5 6.3 6,3 6.3 6,3 12.5
Cryogenic systems 6.7 6.7 26.7 20,0 6.7 13,3 20,0
Velocity of sound in various media |10,0 40,0 40,0 10,0 ’




TABLE 1II

AREA OF ACTIVITY OF TASK PERFORMANCE:

137 TECHNICTIANS

Percent of Respordents Indicating Each Area of Activity
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3
E g 5| »
S R B | I I A
B 5 » i ¥ T 3 g
5 3 3 q e 3 i X
Task* 5 E £ A 4 3
A & & 3 3 & & &
Current flow by uss of instruments | 0,8 3.4 1 1.9 32,2 1.7 32.2 3.4 5.1~} W2 2,8 h2
Potential differences in oireuit 0.9 3.4 13.8 43,1 0.9 25.0 1.7 3.4 5.2 2.6
Circuit losses 1.0 2.0 20,6 33.3 1.0 26.5 4.9 3.9 2.9 1.0 2.9
Thermocouples 3.0 10.9 20,8 12,9 35.6 3.0 5.9 3,0 5.0
Procision measuring instruments
and precision tolerances 2,0 2,0 16,8 13.9 1,0 26,7 11,9 12,9 7.9 1.0 4,0
Irductance amd/or capaoitamce 1.0 6,0 20,0 19,0 27.0 11,0 8,0 4,0 4.0
Specifications of electronlo
componenta 1.0 6,0 21,0 13.0 2.0 25,0 18,0 4,0 " 8,0 2,0
Integrated circuits 2,1 2,1 17,7 30,2 3.1 21,9 12.5 1,0 6.3 - 1,0 3.1
The gain of an amplifier 1,1 4,3 17,4 18,5 31,5 5.4 10,9 3.3 3.3 4.3
Thormal control devices 1.1 1.4 25,0 6.8 30.7 4,5 5.7 8,0 2,3 - 4,5
FPulse and logic circuite 3.4 3.4 17,2 29,9 1,1 27,6 6.9 1.1 4.6 1.1 3.4
Rise ard fall times 3.5 22,4 21,2 8.8 4,7 k7 3.5 1,2
The effect of feadback loop compo=
nents in electromic ciroults 1,2 1,2 20,0 28,2 24,7 11,8 3.5 5.9 35
Bias networks 1,2 4.6 2k b4 30.5 18.3 3.7 3.7
X, andfor X, 1.2 3.7 | 37.0 | 16,0 24,7 8.6 2.5 4.9 1.2
Gear trains and linkages 1.3 2,6 1.7 26,0 7.8 19.5 10,4 3.9 10,4 1.3 5,2
Spoed control mechandsms 1.3 3.9 1,7 2?7.3 9.1 22,1 7.8 3.9 6.5 2.6 3.9
Specifications and characteristiocs .
of fastening devices such as
adhssives, bolts, rivets, sorews .
ard welds 1.3 5.3 16,0 5.3 13.3 13.3 30,7 1.3 9.3 2.7 1.3
Photosensitive devices 2.8 1.4 15.3 22,2 5,6 23.6 11.1 8.3 2.8 2.8 . 4,2
Heat sink and radiator capacities 4,3 20,0 15.7 7.1 25.7 20,0 2,9 , 4.3
Power converters and energy . E
storage cell 1.4 10,0 22,9 4,3 30,0 11,4 4.3 5.7 8.6 1.4
Mechanical indexing or sequenching .
devices 4,3 1.4 8.6 34,3 11,% 15.7 11,4 1.4 7.1 2.9 1.4
Miero electronic components, .
eircults, and packeging 2,9 2.9 17.4 26,1 L4 2h,6 17.4 1.4 2.9 . 2,9
Characteristics of materials such
as, hardness, temperaturo charac- i
teristics, sto. 14 [ e | 22 5.8 4,3 | 30.4 | 18.8 1.4 7.2 2,9 ] L4
Rate of flow " 1.5 1.8 26.5 4,4 32,4 5.9 8.8 5.9 1.5 1.5
Fluid regulators, sansors, switches
and valves 5.9 36.8 7.4 23.5 5.9 2.9 8.8 2.9 5.9
Conmponent values for tuned circuits 10,6 22,7 15,2 22,7 12.1 9.1 4,5 - i.5 1.5
Light intensity 23.1 23.1 4,6 26,2 7.7 621 3.1 1,5 4,6
System power requirements dealing
with pumps, compreasors, eto, 9.5 30,2 6,3 3.9 3.2 4,8 3.2 3.2 4,8
Antifriction devices amd lubricants| 1,6 6.3 | 159 63 | 17.5 | 12,7 1.6 7.9 '| 27.0 3.2
FPower tranamission systems such as
belts, chains and drive shafts 1.6 6.3 27.0 6.3 i3 14,3 3.2 19,0 3.2 4,8
Thermal capaocity and thermal
resistance 19,0 23.8 1,6 39.7 7.9 4.8 1,6 1,6
Pressure drops in a aystem 1.6 1.6 14,5 32.3 1.6 29.0 4.8 4.8 3.2 3.2 3,2
Stress ard/or strein caused by
atatic forces 1,7 21,7 25.0 5.0 25,0 10,0 3.3 .7 3.3 3.3
Photo emdttive devices 1.7 1.7 16.7 23.3 5.0 26,7 10.0 6,7 1.7 3.3 3.3
Lens systems 16,9 18.6 6,8 .30.5 10,2 1.7 6.8 3.4 5.1
Piezoeleatric devicas 17.5 19.3 1,8 24,6 12,3 12,3 ¢ 7.0 3.5 1.8 -
Fower requirements of mechanical
systems 1.7. 1,7 19,0 13.8 10.3 242 13.8 6.9 3.4 5.2
Gear ratios for maxisum power ’ .
transfer 1.7 3,4 | 12,1 22,4 13,8 13.8 19,0 ‘| 1,7 5.2 6.9 8.9
Mechanical servos 1.7, 12,1 25.9 6.9 27.6 1.7 1.7 10.3 5.2 6.9 -
Transnission and delay lines 3.5 17,5 12,3 4o, 4 12,3 5.3 5.3 3.5
Vibratory systems or analysia 1.8 17.9 23.2 5.4 33.9 5.4 5.4 1.8 3.6 1.8
Rotational or translational rates 1.8 20,0 18,2 3,6 30.9 10.9 7.3 1,8 5.5

*Tasks as derived from imstrument, prefaced by "do you work with or determine.”
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TABLE III (Continued)
* ¥
b
¥ g " i ¥
i ¥4 | ; Fy 2
5 3 g ¥ g B ; g 3
[ 5 3 3 K o a K
- 3 g ﬂ W -,ﬂ & E g
Task A B B Bl E g 2
A [ & & 8 3 & A 3
System losses due to preasure drops 1.9 9.3 1.5 3.7 35,2 5.6 3.7 3.7 1.9 3.7
System response time 3.7 13,0 29,6 1.9 315 3.7 7.0 1.9 1.9 5.6
Bearing loadings and specifications | 1.9 15.1 11.3 13,2 2,5 15,1 7.5 9.4 1,9
Industrial control and high power
switching circults 3.8 15,4 36,5 1,9 15,4 11,5 1.9 7.7 - 1.9 ¢ 3.8
Fluld measuring devices 2,0 30,0 6,0 24,0 &, 2.0 14,0 6,0 v|{ 12,0,
Optical filters and polarigers 2.0 18,0 16,0 10,0 24,0 8,0 6,0° 2,0 1.0 s
Specifications and characteristics .
of fittings, pipss and hoses 2.0 4,0 10.0 14,0 14,0 16,0 26,0 2.0 8.0 4,0
Spring constants andfor inertial
values 10,2 20,4 6.1 26.5 24,5 6,1 b1 2,0 »
Laminates plastics amd ceramics 2,1 2,1 23.4 4,3 4.3 21.8 29.8 2.1 4,3 b3 2,1
Thermal chambers 10,6 14,9 4,3 48,9 6.4 2.1 - 12,8
Coefficlent of friction 2,2 9.6 | 23.9 4,3 | 26,1 | 17.4 4.3 2.2 ‘
Heat losses 2.2 26,1 17,4 4.3 37.0 8.7 2.2 2.2
Stresses and strains by dynamic .
force 20,0 1.1 2,2 26,7 15,6 6.2 6.2 2.2
Fluidic devices such as oscillators, . R
sensors, switches, ste, 2.2 8.9 S 26,7 6,7 28.9 8,9 6,7 bk 2.2 44
Heat flow rates for tempsrature
differential 20,5 15.9 4,5 31.8 9,1 9.1 23" 2,3 -] b5
Transducers such as microphones R
and speakers 18,2 22,7 6.8 29.5 9.1 2,3 6.8 4,5
Dew point or humidity 25,6 11,6 7.0 37.2 9.3 47 2.3 . ‘2.3
Sound intensities ER 26,2 19.0 2.4 23,8 11.9 ] 4.8 2k 1 7.1
Specific heat 19,5 17,1 4,9 36,6 12,2 4,9 5.9 .
Sound frequencies 2.6 26,3 15,8 2.6 26,3 10,5 5.3 . 2.6 7.9
Light frequency 9.3 25,0 2.8 30,6 2.8 5.6
Refrigeration and/or airecormditioning
systems 11,1 11,1 8,3 25.0 11,1 14,8
Thermal gystem efficloncy 25.7 1.4 u2,9 11,4 2.9 5.7
Fluld servo devices 8.6 17.1 2,9 28,6 8.6 5.7 114 11,4 . 5.7
Ultransonic devices 14,7 17,6 5.9 26.5 8.8 8.8 17.6
Luminescent materials 2.9 26.5 5.9 5.9 17.6 20,6 5.9 8,8 - 5.9
Maxirmum powar transfer in & system 12,1 18,2 6.1 hz b 9.1 3.0 6,1 3.0
Fluid characteristics or i
specificaticns 2k,2 15.2 8,3 36,4 6.1 3.0 6,1 3.0
Fluid capacitance 15.6 15.6 6.3 25,0 9.k 15.6 9.k - 3.1
Resonant corditiona 26,7 10.0 3.3 36,7 6.7 10,0 3.3 3.3
Or adjust hydraulic servo systems tof
meat performance specifications 3.3 26,7 3,3 13,3 6.7 16,7 10,0 10,0 - 10,0
Modulation percentage 3.4 31.0 20,7 10.3 20,7 3ok 3.4 6.9
uch factors 32,1 17.9 32.1 7.1 3.6 7.1
Diffraction gratings 22,2 22,2 7.4 22,2 11,1 14,8
Frequencies above 500 megahertz 29.2 8.3 b2 29.2 20,8 C b2 4,2
Cryogenic mystems 4.3 174 8.7 43,5 . 26,1
Fluid actuator parameters 8,7 90,4 13.0 21,7 8.7 4.3 4.3 8,7
Antenns field strength 4.8 23.8 19.0 33.3 4.3 9.5 ) 4,8
Laser devices 11,8 11,8 5.9 41,2 5.9 5.9 5.9 11.8
Sound absorption coefficient 3.3 20,0 6.7 13.3 20,0 6,7
Velocity of sownd in various media 33.3 6,7 13.3 33.3 13.3
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remaining activities were indicated as primary activities by more than

5.1 percent of the responding supervisors or technicians.

TABLE IV

PERCENT OF RESPONDENTS FOR EACH AREA OF ACTIVITY

Percent of

Percent of

Supervisors Technicians
Area of Activities Responding Responding
Instructing 3.1 1.0
Modifying L,9 1.8
Analyzing 16.8 16.8
Troubleshooting 26.9 21.8
Installing 4.0 4.5
Testing 23.3 27.k
Constructing 7ol 10.3
Calibrating 2.8 Lob
Repairing 3.4 5.1
Servicing 3;5 2.8
Operating 3.8 3.9

The eleven selected communication tasks are ranked according to the

number of responderits indicating a frequency of use.

The ranking of the

communication tasks for supervisors and technicians are shown in Table

V. The coefficient of correlation between the ranking of these tasks by



TABLE V

COMMUNICATION TASKS FREQUENCY OF USE

38

Number of Respondents Indicating a Frequercy of Uss And Rank of Tasks

o
4 F 2 8 g 2o |2 2 2 .
b i 4 a a 44 A - I - |
23 [} o n 2] o o 5 o
3 ir @t olEn L |f 8 |23 |3
138 |Eg £4 | |
84 ? s -ﬁ a iRt SH -ﬁ 8 ] U Q o n
& '* En g 1E7 Lldq g |8% g8 4|82 g 18F 4 |3F
il ¥ (0w z T = By E Z #104 # &g %
Task 8 4|8 A8d Alod 3|”d Siaf Slex S8k o S8 5
Read engineering drawings
and/or schematics i 1.51125 11,5126 11,0132 11,0[/30 12513 |1.0)47 ] 25623120041 1.0/ 9115
Read specifications 64t 1,50125 4 1,5]/ 221 2,5{ 30 | 5.0{31 §1,0]32|2.0]4r] 2.5 2t]20]45] 20| 91}1.5
Presont findings orally 601 3,5{112{ 3.0} 20 [ &,cjy 3% {20130 }2,5{30 {3.,0{45]) 4,0} 201 3.0{39] 3.00 8135
Prepare graphs and charts 60| 3.5[104] 4,0{16 | 5.0] 33 | 3.0] 29 [&4,0{26 [ #0488 | 1,0] 177 6,5/ 31| 5.0 87 3.5
Prepare evaluation reports 591 5.0/ 93| 6,0] 15| 6,0] 29 | 6,04 27 | 5,0{ 22 |50}&k] 55 18] 5.0f25] 6,5/ 61|5.5
Participate in training and
teaching activities
{formal and informal) 57| 6.0} 971 5.0022( 2.5|31 | 4,0]23 | 8,0{2L]6,0[39]7.5] 191 &4,0| 33| 40| 6 15,5
Fill in evaluation sheets 53] 7.,0[ 83 7.5| 14| 7.0} 25 | 8,0 24 | 6,5]20 | 2.5\ 39 | 7.5] 17 { 6,5/ 22| 8,0] 5 | 7.0
Prepare specifications k| 8.0183| 7.5 13| 8,0] 26 | 7.0] 24 | 6,5] 20 | 7.5] 44 | 5,5{ 10 | 9.0} 25| 6.5| & | 8,0
Participate in angineering
management and customexr
planning sessions 46| 9.5! 48] 9,0| 6(10,0{ 16 | 9.5] 15 [10.0{ 11 | 9.0} 21 {10,0{ 10 | 9.6] 14 |10,0{ 3 { 9.5
Participate in enginaoring
management and customer
evaluation sessions 46| 9,51 46 110,0f & {11,0{ 16 | 9,5{ 16 | 9.0| 10 {10.0{ 22 | 9,0} 10 { 9.0{ 11 {11,0] 3 | 9.5
Computer pragramming 28| 11,0] 40 {12.0] 11 | 9,0 14 {11.0] 9 [11,0} 6 {11,0{ 18 j11,8] & |11,0] 26} 9.0 2 (11,0




TABLE VI

MATHEMATICS TASK FREQUENCY COF USE

Rumber of Respordsnts Indicating a Frequency of Use And Rank of Tasks

n
£ F 2 a 2 2w H 2 2 0
g 3 3 3 3 Ak |3 L 3. |5
-E 2w 53 » [} "ll‘ [ K %3 O g o S o
k 3 EEO|EF | B |3 z B4 | Ed | d
g 3 48 |53 |48 49 4 38 48 s
a R tg N t?l I HO [ 2 (2 A [E: 3 HE g :"
#le ¥|8%« #1%0%|%3 ¥ #1% #1998 £1°8 2|88 %
Task $ 4185 A% Slolslad S a8 S8 S18s S/ 88 8| o5 &
Basie Arithmeetic {64 | 2,0 13%| 1,0] 25| 1.0{ 431 2,0] 31{ 10! 35| 1.0{ 48| 1,0{ 26 { 1,0} 51| 1,0/ .9( 1.0
Graphs 601 2,01109] 3.0{ 19| 3.0{ 36| 2,0] 30| 2.5} 24| 2,0} 47| 2.0{ 19| 3.0| 36| 2.0f 7| 2,5
Linear equation

with one un~

known 591 3.0{112] 2.0} 211 2.0/ 35| 3.0 30| 2.5} 231 3.0} 461 3.0] 22} 2,6} 35] 3.0f 7| 2.5
Linear squation

with two or

more unknowns 521 4,0} 93! 4.0f 17| 5,0} 30] 4.0| 25| 4,51 21| 4,0} 43 | 4o]°*17 | 4,0} 28] 4,5 51 5,0
Decibels 0] 5.0} 76| 8,5| 15] 6,5{27{ 75| 21 8.5! 13| 9.5} 35 9.0} 1|55 23| 9.0 41 5.0
Ysctors w | 6,51 83] 7,01 15 6.5| 28] 5,5§ 21| 8.5] 19| 5.5{ 40 | 6.5| 12| 7.5| 26| 6,0] 5| 5.0
Solution of

right tri-

angles 49| 6,5/ 84| 5,51 14| 8,0] 28] 5.5] 23| 6,0] 19| 55| 40 | 6.5 14| 55| 25| 7.5| 5| 5.0
Exponents &

radicals 481 8,01 84y 5,51 181 5,01 271 7.5{ 25| 4.5] 14| B0 411 50] 11| 9.0f 28 4.5 41 9.0
Logarithms 4] 9.0f 76| 8,5| 12 j11,0f 24j10,0| 22| 7,0 18| ?7,0] 38 ] 8,0] 12| ?7,5| 22|10,0| 4| 9.0
Quadratic

squations 4 110,5 10,5( 12 |11,0) 24j10,0} 17 |21,0} 11 }1k,0] 34%7110,0 6 {13.5] 21 ]11.5 3 /12,0
Binary '

Arithmetic 4% (10,51 s8]12,0] 12 {11,0| 19(15.0} 14 {145} 131 9.5]| 25 {17.0 8 |10,5f 25| 7.5 0 |18,0
Doterminants 42 |12,0] 56|14,0| 12 {11,0( 24{10,0} 12 |17,0| 8 {15.5| 28 |14,5] 6 113.5] 20 [13,0f 2 |1k5
Complex numbers .

(J~operator) 40 113,51 55]15.0 9 (16,5 21{14,0} 13 {16,0! 12 |12,0| 29 13,0 6 {13,5] 16 |16,5 L1 9,0
Solution of

oblique trie

angles 40 113,5( 64110,5) 11 {1%,5} 22|12.5{ 19 {10.0| 12 j12,0} 31 |11,0 8 110,55 21 {11,5 41 9.0
Analytic Geometryl 38 115.0) 57| 13.0f 12 {11.0] 22}12,5) 1€ [12,0 7117.5( 30 [12,0 6 {13.5{ 19 !14,0 2 1 14,5
Booleon Algebra |37 |16,0] 47117.0( 11 {14,5| 16}17.5 8 {18,5) 12 {12,0| 24 |18.0 5 116,0| 18 ]15.0 0 {18,0
Differentiation |35 |[17,0f 46} 18,0 3 {18,0} 17[16,0} 14 [14.5 7117.5] 28 j14.5 3 118.5] 13 (18.0 2 {14,5
Integration 4 118,0] u8]16,0] 9 [16.,5] 16[17.5] 15 [13.0] B {15.5] 26 |16.,0] & {17.0{ 16 [16.5] 2145
Basio differ-

entlal equa, 31 {19,0f 39]|19.0 7 119.0§ 15}19.0 8 118.5 5]19.0} 20 {19,0 3 [18.51 12 |19.0 0[18,0

39
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the supervisors and technicians was .98. The difference in rank 6f any
one of the communication tasks,as ranked by the supervisors and techni-
cians, was never larger than one.

In Table VI the 19 selected mathematic tasks are ranked according
to the number of respondents indicating a frequency of use. The coef-
ficient of correlation between the ranking by supervisors and techni-
cians was .96. The largest difference in the ranking of the mathematical
tasks was 3.5. The supervisors ranked the task, decibels, fifth while
it was ranked between eighth and ninth by the technicians. The task,
determinants, was ranked twelfth by the supervisorsiand fourteenth by the
technicians. Four tasks ranked higher by the technicians were exponents
and radicals, solution of oblique triangles, analytic geometry, and
integration. These four tasks had a difference in rank of at least two.

In Table VII the eight selected shop tools are ranked according to
the respondents indicating a frequency of use. The coefficient of cor=
relation between the ranking for supervisors and technicians was .92.
The difference in ranking of the shop tools was never greater than two.
The drill press was ranked first and abrasive power tools second by both
supervigors and technicians. Four shop tools ranked higher by supervi-
sors were power saws, lathe, milling machine, and arc welder. Two shop
tools ranked higher by technicians were sheet metal tools and gas
welder.

In Table VIII the 36 selected test equipment items were ranked
according to the number of respondents indicating a frequency of use.
The coefficient of correlation between the ranking for the supervisors
and technicians was .94.. The largest difference in the ranking of the

test equipment was 10.5. The supervisors ranked the item; pulse



TABLE VII

SHOP TOOLS FREQUENCY OF USE

Number of Respondents Indicating a Frequency of

Use and Rank of Items

n gi) n n n 1] 1] n n 0
s g 8 8 g 80 18 8 8 g
10} 8} o -~ o .~ © o= o - QO [
- o Q Q Q! [SJN )] O Qg Q Q o
> [ o~ 0 - 0 - N o B o ‘- Q -~ g Q
(9 E< g 4 g 4 g ® ol ol g A o © -
9] Q Kol K=l g o S O Ke) g v S o =
o (] [S 2 )} 0 QO Q M [S 2 ] Q [S N &) 0 Q L »
3 - E7 g (87 4 [8o g &y« |€9 4 |88 4 |85 » (83
HER R TSP R N R NS
Ttems 8 2|9 < [8d 2 |FA R [Ad & |R8 & |¥x a2 |Rad & |Az & |od <
Drill Press 52} 1.0 {111 {1.0 [20 ]1.0 |34 }1.0 |23 }1.0 |34 }1.0 |42 }1.0 117 1.0 | &L 1.0 {8 |1.0
Abrasive power
tools 461 2.0 89 ]12.0 {14 |3.0]25 {3.0 |20 |2.0 {30 }|2.0 {23 |5.5 {13 |2.5 |35 |2.0 |4 |3.
Power saws 411 3.0 79 4.0 8 14.5 |26 2.0 }18 | 4.5 |27 §13.0 {32 3.5 {13 2.5 |30 [3.0 |4& 3.
Lathe 87 4.5 59 15.0 8.0 |21 {4.0 {18 | 4.5 }16 |[5.5 {32 |3.5 7 16.5 {19 }6.0 5.5
Sheet metal
tools 381 4.5 81 13.0 |16 2.0 {20 |5.0 {19 |3.0 {26 }4.0 |38 12.0 {11 {4.0 |28 }4.0 |4 {3.0
Milling-
machine 29| 6.0 4o |7.0 6 16.0 |16 |6.0 8 {8.0 ]10 8.0 L 17.0 8.0 {14 | 7.0 7.0
Arc welder 271 7.5 39 8.0 5}7.0 {12 {8.0 {10 }7.0 }12 | 7.0 3 18.0 5.0 {13 8.0 {0 |8.0
Gas welder 271 7.5.]1 53 16.0 81L.5 115 |7.0 |14 |6.0 116 5.5 |23 15.5 7 16.5 121 |5.0 {2 }5.5
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TABLE VIII

TEST EQUIPMENT FREQUENCY OF USE

Wumber of Ruspondents Indicating a i‘raqusney of Use and Rank of Tasks

]
- " L] L] y ] 2]
[ a -1 5 ] 2 2 s w
i 3 k) k| b a5 A E N §
E o Y . 3] : u" 3 ] g o g z
E 5 go|E5 2] |2 B 15 | 4§ _
i |23 |93 |3 g %8 3,
~ I &~ 2 .ﬁ_‘ o én 5 8 8 5 h
g ¥|59 #[E0 4|53 % AN IR
Trens 8 4|8 418d 3|984|42 4|08 |3z 3|ak N3 3 |o8 4
| YO VI T 6| 1,00 127] 10! 25; 2,0{ 3| 1.0f 3| 10| 33| 1,0 #6| 2.0| 24| 10| 88| 10| 9| 2.0

[ weope | 59| 2,0) M2| 2.5| 20| 3.0} 35[ 2.0] 0] 2.0] 27| 6.0 45| 5.0 22| 2.0] 36| 3.5 9f 2.0
Pressure Gages | 55| 4,0 90f12,0{ 18| s5.0] 17{16.51 24| 8.5{ 22|13.0 32| 126.5] 18| 5.5] M| 6.5{. 6]13.0
Thermocouple

instyuments ss| 4,0 99i 6.5] 17| 7.0 29/10.0] 24| 8,5] 29| 3.0 s2| 8.,0] 1 |23,5] 37] 2.0! &[13.0
Impedance , .

Bridge 55] 4.0 98) 8,5| 17| 7.0( 32} 7.5{ 23|13.5| 26| 7.5 40| 11.0|.1% [23,5{ 31| 9.5 8| 5.5
" Regulated Pow= ’

or supplies 54| 7,0 112) 2,5] 21| 2.0| 34 4.0 28| 3.5| 29| 3.0 46| 2.0] 21| 3.0| 36| 3.5| 9| 2.0
. Plotters amd . )

Racorders S4! 7.9 99| 6,5| 16]10.,5] 32] 7.5| 23[13,5]| 28| 5.0 43| 7.0 14 |13.5] M| 6,5| 8| 5.5
- Thermomotsr 4 7.0f 98| 8,5| 17| 7.0| 28{12,0| 24| 8,5| 29| 3.0| 41} 9.0 16 |10.0] W | 6,5 7] 9.0
Skide rule 53] 9.0] 105] 4.0] 19] 4,0} 33] 6,0] 28] 3.,5] 25] 9.0] u6[ 2.,0] 17 2.5] 3® | 65| 8| 5.5
Miorometer 52|10,0/ 101 5.0 16 |10,5] | 40| 25| 6,0 26| 2,5| 45| 5.0} 18| 5.5 R} 95| 7] 9.0
Stgnal Gen, 51| 1,00 96|11,0] 16|10.5| 30| 9.0| 27| 5.0 23|11.5{ 40| 12.0| 20 | 40| 29 {120 7} 9.0
Pulse Gen, 4wli2,s] 86/13.0] 13|1s.0]2812.0] 22]17,0] 23(21,5] % | 12.0| 16 [10.0]| 25 |16.5| 5]19.0
Desic Caloulator | 4912,5| 71]17,0| 12)15,5] 21{20,0| 20{18.0| 18|16,5! 33]15.0| B [21.0| 25 [16.5| 5(19.0
Yernier

Caliper 48 [14,0] 97/10,0{ 16 |10.5] 3! 4,0} 23]{13,5| 24 |10,0] 45| 5.0 17 | 7.5| 27 {10} 8] 5,5
Froq, Mater 47 115,50 81|14,0] 12 |15.5] 27145 23(13.5] 19 |14.5] 34| 10| 1% [13,5] 28 |13.0] 5]19.0
Techometer 47 115,5] ?70]18,5]| 11 [17.0] 28{12,0| 17]19.5| 14 |20.5] 31]18,0 8 [21,0] 26 [15.0] 5|19.0
Fyrometors 44 [17,0] 66|20,0{ 10[18,5]|21{20.0] 17]19.5] 18 [16,5] 29[29.5| 6 [21,0] 247[18.0] 5]19.0
Flow Meters 43]18,5! 76[15.5] 15 |13,0[21{20,0] 24| 8,5] 16[16,0] 27]23.0] 13 [16.6] 30 (11,0 6[13.0
- Strobelight 43118,5| ?6[15.5| 7|23.0[27/1%.5] 23113,51 19 |1.5] 3B113.0] 9 {18.5] 23[19.0] 6]13,0°
Torque Meter »|200] 70]18,5| 9]20,0]26/36,5| 23]13.5] 12 {20.5| 32|16,5] 216 l10,0] 37 l21.5( 5]19.0
Strein gages Blar,0f s4l22.0]| 7]23.0]|17[22,0| 16{21.5] 1% |26.5| 28|21.5]| 6 |24,5] 14 [24,5] 6113.0
Curve Tracer 37122.5| 62{21,0| 10 |16,5]22[18,0] 216|21,5| 14 {20.5] 29{19.5| 12 l17.0} 17 |20,5] & |23.0
Light meter 37212e.5] w3les.o] 5/29.0|13]27.5] 13(25,5] 12 }245| 20)26,5] 3 132,01 18 |20,6] 2!28.5
Sa% Meter 6{2u0[ 47l23.0| 6)260015/23,5| 13/25.5]| 13/23.0{ 20{26,5| 9 |18.5] 16 (23,0} 2|28.5
Hydromsters 35{25.0] 46j24,0| 626,0[1523.5] 11 [28.5] 14 |20.5] 23|25.0| 7 [23.0] 14 |24.5| 2[28,5
Hardnnss Tester { 32 | 26,0 32}32.0] 5|29.0] 9{35.0] 10|31.0| 8 |3.5| 19/28.5] 2 |3,5] 20[30.0] 1!32.5
Force Gages . 31 727.0] w2l26.5| 5 (29.0{1i25.5] 215)23.0| B{30,5] 26]|2v,0] 4 |29.0] 9 |3s.0| 3(24.5
Spectrometer 29 128.,5| 33]2%.0] 4}3,5{10{32,5]| 10{3.0| 9]27.5] 16]|32.5( 3 |32.0{ 12 [26,5] 2|28B.5
Tenaion Teater | 29 {28.5) 34)28,0| 8 [21,0{10(32,5] 8 |3%,0f 8]30,5| 19/28,5] 6 |24.5] 9 ]3%.0| 0{350
Campression

Tester 28 |%0,5| 30[33,5( 7i23.0(11|3l.0] 5]36,0| 7|30} 16]32.5{ 4 [29,0] 10 |3%.0]| o0]35.0
Acceleronstars 28 [30,5] #2)26.5 4 {31,5|14i25,5] 1 |24,0} 10 {26,0[ 28|21.5 1 |36.0 8 [36.0 5119,0
Viscosity

Motors 27 |32.0] 28 [36.0] 6 |26.0] 9l35.0] 8 [3w.0| s]36.0f 12]36,0] u |29.0] 12 [26.5] o0 [35.0
Noise Gen, 26 |33.0| 33[30.0f 2 |m.0[12]29.5] 10[31.0| 9]27.5] 16]|32.5| 5 |26.5] 10 {30.0} 2]|28.5
Wave Analyzer 25 {35 33[30.0 | 2[34,0)1327.5) 11 (28,5 ?|34,0] 16 325| 5 {26.5| 10 |30,0| 2|28,5
Sourd intensity

moter 25 |34.5| 29 [35.0| 1136.0] 9y35.0 | 12 (27,0 7 ]3%.0] 1W]35,0| 3 {32,0] 9 |0 3j24.5
Spectrum ! N _

Analyzer 24 §56.0( 30 {33.5 2 |.0[12(29,5 8 | 34,0 8]3.5] 17]3.0 2 {34.5] 10 |30.0 1432.5

L2
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generators, between second and third and the technicians ranked it
thirteenth. One item, pressure gauges, had a difference in rank of
seven. The supervisors ranked this item fifth and the technicians
twelfth. Several items had a difference in ramk of six or less.

In Table IX the eleven unified concepts, used in instructing the
electromechanical demonstration program, and one category containing
tasks not included in one of the unified concepts are ranked as to the
number of respondents indicating a frequency of use. Since each unified
concept had a different number of tasks, the total number of responses
was divided by the number of tasks included in the unified concept. The
unified concepts were then ranked according to this number. The coef-
ficient of correlation between the ranking for supervisors and techni-
cians was .94, The largest difference in‘ranking of these unified
concepts was 2.

On this percentage the tasks included in the unified concept dif-
ferential forces was ranked first and the tasks in the concept feedback
and stability was ranked second from the supervisor's data. From the
technician's data the concept feedback and stability was ranked first
and differentiai forces was ranked second.

The largest differences in rank of the unified concepts was for the
concepts time constants, amplification, and the tasks - all concepts.
The unified concepts waves was ranked eleventh and fields was ranked

twelfth from both the supervisor's and technician's data.
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TABLE IX

RANK OF UNIFIED CONCEPTS

Unified Concept Rank by Supervisors Rank by Technicians
Differential forces 1 2
Flow rates 3 4
Real opposition 7 ‘ 7
Energy storage 4 5
Impedance 10 ) 9
Time constants 5 3
Resonance 9 10
Amplification 6 8
Feedback and Stability 2 1
Waves 11 11
Fields 12 12
Tasks - All concepts 8 6

In Table X the nuclear and chemistry tasks are listed along with
the frequency of use as indicated by the supervisors and technicians.
No coefficient of correlation was calculated for these rankings since
there were only three nuclear and four chemistry tasks. The nuclear
tasks were ranked the same by the supervisors and technicians. In the
chemistry tasks the supervisors ranked chemical etching, plating or
anodizing first and chemical compounds or solutions second:while the

technicians ranked them in reverse order.



TABLE X

NUCLEAR AND CHEMISTRY TASKS FREQUENCY OF USE

Number of Respondents Indicating Each Frequency of Use

> >
66 Supervisors o ey p E 137 Technicians o Loy e E
— A + ° —i A ¥ ©
s |3 | 2| 3 : | S| 2| 3
Task a = 2 N Task a = = n
Radiation measuring Radiation measuring
devices 6 2 5 10 devices 7 2 7 9
Radiocactive elements Radioactive elements .
or isotopes 4 0 2 10 or isotopes 5 5 b 6
Fusionable or fission- Fusionable or fission-
able material o] 1 0 4 able material 1 2 1 5
Chemical etching, Chemical compounds of
plating or anodizing 7 3 5 8 solutions b 9 15 11
Chemical compounds or Chemical etching,
solutions 5 2 5 8 plating or anodizing 7 8 7 17
Ph factors bk 2 5 9 Ph factors 1 5 5 18
Separation of Separation of
compounds 5 2 0 2 compounds 0 3 A 6

%



Technicians' Data by Years of Experience

The information presented in this section includes the usable data
from 137 electromechanical technicians. The data were separated into
four categories according to years of experience as an electromechanical
technician. Any fraction of a year of experience was rounded off to the
nearest whole year. These categories were: (1) O to 2 years, (2) 3 to
5 years, (3) 6 to 10 years, and (&) over 10 years of experience. The
four categories consisted of 28, 43, 31, and 35 technicians,
respectively.

The electromechanical tasks were ranked according to the number of
respondents indicating a frequency of use. The number of respondents
for each task is recorded in Tables XI through XIV under the heading of
technicians responding. The percent of responses for each area of
activity is also shown in Tables XI through XIV. To compare the rank
of the electromechanical tasks by the four catedgories, a Spearman rank
coefficient of correlation was computed for each possible pairing.

These coefficients are as follows:

0-2 vs. 3-5 .82

0-2 vs. 6-10 .81

0-2 vs. over 10 .80

3-~5 vs. 6-10 .85

3-5 vs. over 10 .87

6-10 vs. over 10 .81

Table XV shows the percent of respondents for each of the four
categories indicating each of the selected primary activities. Trouble-
shooting, testing, constructing, and analyzing were indicated as primary

activities by 75.2 percent of the technicians with O to 2 years of



AREA OF ACTIVITY OF TASK PERFORMANCE:

TABLE XI

28 TECHNICIANS
O THROUGH 2 YEARS OF EXPERIENCE

47

Percent of Respordents Imdicating Each Area of Actdvity

L |
2 13 ¥
LEA 1 4 i g oy
g 4 g 3| 4
'E é § ‘f B - [ +
48 ‘R X il 0E | %
F g . g 5 £ 2 © o g o 2
Task* &2 . 3] - = o 3 & O
Potential differences in airouit 21 48 | 76,2 | 4.8 4,8 9.5
Current f1nw by use of instruments 21 4,8 | s2.4 | 4,8 19,0 9.5 4.8 4,8
Thermocouples 20 5.0 40,0 |10.0 0.0 5.0 5.0 5.0
Circuit losses 19 5.3 ‘#7.‘6“ 3.6 | 5.3 5.3 5.3
Integrated circuits 19 10,5 | 31.6 26,3 115.8 10,5 |
Specifications of electronto .
ocomponents - 19 10,5 15.8 26,3 126,3 15.8 5.3
Bias net . 18 27.8 33.3 (16,7 5.6 | 16.7
Inductance and/or capacitance B 5.6 27.8 27.8 116,7 5671 561 1.1
- Pulse ard logic oircults 17 5.9 35.3 w2 591 5.9 5.9
Rise and fall times 17 5.9 .1 353 8.2 | 5.9 | 5.9 5.9
Specifications and characteriaties
of fastening devices such as
adhesives, bolts, rivets, screws p .
and welds 1?7 17. 5.9 . (1.8 1.8 135.3 1.8 5.9
Pressurs drops in a aysten 16 18.8 | 31.3 43,8 6.3
Rate of flow 16 25 |33 631 3|63 ] 125
Powsr convertars ard energy storage .
coll 16 6.3 37.5 | 6.3 18.8 {12.5 6.3 6.3 6.3
The gain of an amplifier 16 18.8 500 | 6.3 | 1881 6.3
Mioro slectronic components, cimuitsq
ard packaging 16 12,5 | 31.3 25.0 118.8 63 6.3
System power requirements dealing i .
with pusps, compressors, sto, 15 60,0 113.3 26,7
F_luid measuring devices 15 40,0 6.7 33.3 6.7 6,71 6.7
System lossas dues to pressure drops |15 40,0 6.7 40,0 6,7 6.7
Gear treins and linkages 15 6,7 26,7 | 20,0 13.3 6.7 8.7 6,7 13.3 6.7
Speed control mechanimms 15 6.7 46,7 13.3 {133 3.3 |
Preoision meamuring instrumsnts and )
précision tolerances 15 6,7 | 20,0 33.3 | 6,7 | 20,0 | 13.3
Fluld regulators, sensors, switches -
and valves 15 53.3 | 6,7 33.3 6.7
Thermal control devices 15 33.3 | 6.7 26,7 | 6.7 6,7 | 20,0
Characteristics of materials. such as, ) )
hardness, temperature charac- R .
teristios, ste, 1 7.1 34,3 14,3 7.1 2.4 (21,4 14,3
Photosensitive devices ] % 7.1 | 28,6 7.1 (20,4 1 w3 73] 7211 71
Stress ard/or strein osused by ) i )
static foroes 13 38.5 | 38.5 ?.7 15,4
Heat sink ard rediator capacities 13 7.7 7.7 38,5 115.4 15.4 7.7 7.7
“Spacifioations and charecteristics ) .
of fittings, pipas and hoses 13 15,4 7.7 15.4 30,8 15.4 15,4
Rotationsl or translational rates 12 8.3 16.7' 33,3 }16,7 16.7 8,3
“The ‘effect of feedback loop compoe ’ o :
nents in slsctromic. ciroults 12 25.0 33,3 | 8.3 | 167 4 16,7
Pnoto exlttive devices 12 16,7 | 25.0 16,7 116,7 | 8.3 | 8.3 | 8.3
Powsr requirements of mechanicsl X ’
gystems 1n 9.1 [318.2 27.3 (18,2 18,2 9.1
Machanicsl indexing or sequenching
sevioes 1 36,4 {18,2 18,2 | 9.1 |. 9.1 9.1
System response tims 1n 9.1 9.1 | 27.3 364 18,2 ) )
Thermal capacity and thermal
- resistance 1 18,2 | 27.3 45.5 . . 2.1
Component values for tuned oircuits 1 . 18,2 18,2 22,3 19,1 18,2 9.1
idght intensity 1n 9.1 | 36,k 223 19a ] 93 ‘ 91
X, and/for X, 10 30,0 | 20,0 30,0 (20,0,
Transmission and delay lines 10 10,0 30,0 [10,0 30,0 10.0 10,0
Power tranemission systems such as
belts, chains and drive shafts 10 3.0 10,0 }10,0 30.0 10,0 10,0-
Antifriction devices and lubricants 9 X 22.2 33.3

*Tasks as derived from instrument, prefaced by "do you work with or deternine.”
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TABLE XI (Continued)

i
8 g
CE 5 v | 4 5 3 I ¥
5| £l e 311 %)|¢
s HHEEEINIEIR IR IR IR IR 0N
Spring constants ani/or inertial .
values 9 1.1 | 1,1 22,2 | 22,2 22,2 1.1
Fluidie devices such ap oscillators,
sensors, switches, ete, 9 11,1 33.3 11,1 33,31 12
Lens systems 9 B4 33.3{ 11.1. 11,1
Laxinates plastics ard ceramics 9 1,1 33.3 11,1 22,2 1.1 1.1
Heat losses 8 50.0 25.0 25.0
Specific heat 8 25,0 | 25,0 }12,5 25,0 12.5
Thormal system efficiency 8 37.5 | 12,5 50,0
Yibratory systems or amlysis 8 37.5 25,0 { 12,5 12,5 12,5
Mechanical servos 8 37.5 25.0 . 25,0 [ 12,5
Optical filters amd polarisers 8 50.0 12,51 12,5 1z.5 12.5
Industrial control and high power .
switching circuits 8 12.5 37.5 25.0 12,5 12,5
Dew point or humidity 8 25.0 | 12,5 37.5 12,5 | 1S5
Pieroelectric devices 7 H,3 | 14,3 28.6 | 28.6 0,3
Coefficient of friction ? 14,3 | 28.6 W,3 [ 143 | 1.3 14,3
Bearing loadings ard spsoifications ? 14,3 | 14,3 14,3 28.6 W31 183
"KM factors ? 571 | 4.3 143 14,3
‘Goar retios for maximum power
transfer ? 14,3 W, 3| 2B.6 | 14,3 | 14,3 | 143
Maximum power transfer in & system 7 28,6 42,9 14,3 14,3
Therzal chambers 7 42,9 57.1
Stresses and strains by dymwmic . .
force 6 16,7 33.3 16,7 16,7 16,7
Or ad just hydraulic servo systens to .
mest performance specifications 6 16,7 16.7 33,3 | 33.3
Ultrasonio devices 3 16,7 50,0 16,7 18,7
Fluid characterdstics or ] ‘
specifications 6 16,7 16,7 [ 16.7 16,7 16,7 16,7
Transd s such as microph
and speakers 6 16.7 66,7 16,7
Heat flow retes for temporature ’
differential 5 40,0 20,0 40,0
Fluid capacitance 5 20,0 20,0 40,0 20,0
Fluid servo devices 5 20,0 [ 20,0 | 20.0 20,0 20,0
Sound intensitiss 5 20,0 | 80,0 )
Freq ies above 500 megaherts i 25,0 25,0 50,0
Resonant conditions [ 25,0 | 25,0 25,0 25.0
Diffraction gratings 4 75.0 25,0
Light freq 4 25.0 | 50.0 25.0
Sound fyequencies 4 25.0 75.0
¥luid actuator paremeters i 50,0 }25.0 25,0
Refrigeration and/or airconditioning g
aystoms 4 25,0 25.0 50,0
Luminescent materials 4 25.0 1 25,0 | 25.0 : 25.0
Cryogenic systems 3 66,7 133.3
Sound absorption coefficienta 1 100.0
Veloeity of sowrd in various moedia 1 100.0
Lasor devices 1 100,0
field strength 0
_Hodulation percsntage 0




TABLE XTI

AREA OF ACTIVITY OF TASK PERFORMANCE: 43 TECHNICIANS

3 THROUGH 5 YEARS OF EXPERIENCE

Percent of Respordents Indicating Each Area of Activity

: ¥
S 3 2l ow
ELIE R | 2 gl d) 2| 2l 2
] 'E o 'l ‘? E K -ﬂ ol bt
i i a & S 3
a8 % : 3 gl el 8| 2 E| 8
Tasick LA & < & 8 ] 2 & &
Current flow by uss of instruments | 38 15.8 | 23.7 ] o2} 53] 531 53 ) 261 79
Potential differences in cirouit 3 2.8 | 167 | 3.1 2281 2,8 8.3 5.6
X, and/or X 36 3.8 46,2 | 11,5 231 71 3.8 3.8
Precision measuring instruments and
precision tolerances 133 3.0 2i4,2 6.1 27.3 1 15.2 15.2 9.1
Intsgratod cirouits 32 3.1 18,8 3k, b4 18,8 | 12,5 6.3 3,1 3.1
Speaifications of eleatronic- .
components 31 6.5 22,6 16,1 6.5 22,6 | 12,9 9.7 3.2
Circult lossas 3 ] 25,8 | 19,k | 3.2 32,3 | 6.5 3.2 3.2 6.5
Inductance ard/or capacitance 0 10,0 26,7 6,7 23.3 | 40,0 13.3 6,7 3.3
Riss and fall times 2 40,0 6.7 4.0 | 3.3 ! "33 6.7
The gain of an anplifier 29 | 3.k 6,9 20,7 | 17.2 27.6 | 3.4 6.9 3.4 | 10,3
Thermocouples 29 | 3.4 17.2 | 17.2 | 10.3 W5 3.4 3.4 10,3
Thérwal control devices 28 14,3 | 214 25.0 1 7.1 7.1 7.1 7.1 | 10,7
Pulss and logic ciroults 28 |71 2Lk | 357 | 3.6 17.9 | 3.6 3.6 3.6 3.6
The effect of feedback loop compo=
nents in slectromic clirouits 26 23,1 23,1 23,1} 19.2 3,8 3.8 3.8
Bias networks 26 26,9 | 15.4 23,1 ] 19,2 7.7 7.7
Power roquirements of mechanical )
systems 25 20,0 12,0 | 12,0 24,0 | 20,0 4,0 4,0 4,0
Light intensity 24 25,0 | 25.0 | 4.2 25,0 | 8.3 8.3 4.0
Micro eleotronic components, circuits .
and packaging 24 1 k2 20,8 | 29.2 | .2 20,8 | 16,7 4,2
Goar trains and linkages 24 20,8 | 20,8 | 4,2 16,7 | 12.5 b2 | 12,5 8.3 .
Power transmission systems such as .
belts, chains and drive shafts 2l 4,2 4,2 16,7 4,2 25,0 | 16,7 4,2 12.5 4,2 8,3
Component. values for tuned circuits | 23 8,7 21,7 8.7 13.0 | 13.0 13.0 4,3 4,3 4,3
Speed control mechanisms 23 4.3 13.0 21,7 | 8.7 8.7 8.7 4.3 4,3
Spscifications and charmcteristios
of fastening devices such as
adhesives, bolts, rivets, scrows
and welds 23 | 4,3 174 7.4 8.7 | 43.5 43 4.3
Photosensitive devices 22 |45 | 4,5 13.6 | 18,2 | b5 364 | 9.1 4,5 4.5
Characteristios of materlals such as,
hardness, texperature charvc-
teristics, etc, 21 4.8 19.0 4.8 4,8 33.3 { 19.0 4.8 4,8 4.8
Heat sink end rediator capacities |21 4.8 14,3 4.8 | 4.8 33.3 | 8.6 4,8 4,8
Mechanical imdexing or ssquenching .
devices 21§53 5.3 1368 | 5.3 15.8 | 10,5 10.5 5.3 5.3
Antifriction devices and lubricants 21 4.8 4.8 4.8 4,8 28,6 | 14,3 4,8 9.5 19,0 4,8
Lens systems 20 25.0 10.0 5,0 35.0 | 15.0 10,0
Optical filtors and polarizers 20 5.0 20,0 15,0 | 10,0 30.0 5,0 5.0 10.0
Rate of flow 20 10,0 | 25,0 | 5.0 25,0 { 5.0 | 5.0 | 15,0 5.0 5.0
Powsy oonverters and energy storege
__¢8l) 20 30,0 20,0 5.0 35,0 ;15,0 [ 5,0 10.0
Gear ratios for maximum power
transfor 20 15.0 | 25.0 }10,0 20,0 | 15,0 10,0 5.0
Stressss and stralns by dynamio
force 20 15,8 5.3 36,8 | 15.8 5.3 | 10,5 10,5
Plesoslectrio devices 19 21,1 { 10,5 26,31 53 1-2.1 | 10.5 5.3
Fluid regulators, sensora, switches
and valves 18 56 |44 |12,1-| 16,7 | 5.6 5.6 | 1.1
Fhoto emlttive devices 18 (56 | 56 | 167 |22 27,8 [ 11.1- 111
Stress and/or strain caused by B
static forces 18 16,7 16,7 5.6 27.8 | 16,7 5.6 5,6 5,6
Pressure drops in a system 1B |56 1,1 38,9 - 16.7 n.1 5.6 11,1
Bearing loadings and specifications {18 | 5,6 5.6 | 16,7 | 5.6 33.3 | 22.2 5.6 5.6
Thermal capacity and thermal N :
resistancs 18 27.8 | 22,2 27,8 | 16,7 5.6 -
_Vibretory systems or analysis 17 29,4 23.5 5.9 17.6 5.9 5.9 5.9 5.9

*Tasks ae derived from instrument, prefaced by “do you work with or determine,"



TABLE XII (Continued)

50

3
] L4
S i 0| 3 H 203 =2l e| o
2E & g B 2 il 4 5 B\ % 3
e HEARERINIRANIRININININ
Mochanical servos 17 59 | 23.5| 59 29.4 | 5.9 8| 59| 1.8
Industrial contiol and high power
switchirz cirouits 17 17,6 35,3 17.6 5.9 17.6 5.9
Rotational or translationsl rates 17 23.5 | 17.6 | 5.9 23,5 [11.8 | 11.8 5.9
Qystea powor requirements dealing
with pumps, compressors, ets, - 17 1.8 | 17.6 | 5.9 35.3 5.9 5.9 | 1.8 5.9
System response time 17 5.9 17,6 | 29,4 41,2 5.9
Light frequency 16 3.3 | 3.3 313 6.3
Therzal chambers 16 63 | 125 63 | 3.5 | 6,3 6.3 25,0
Fluid measuring devices 16 18,8 25.0 | 6.3 12.5 | 12.5{ 25.0
Heat flow rates for temperature N .
differsntial 16 12,5 | 2,5 6.3 L3 1125 18.8 6.3
Coefficiont of friction 16 6,3 18,8 43.8 | 31.3
Heat lossss 16 31.3 | 18.8 375 § 6.3 6.3
Transmiasion and delay lines 1% | 6.3 25.0 6.3 5.0 | 12,5 ) .
Dew point or humidity 15 33.3 | 13.3 | 6.7 26,7 | 6.7 8,7 6.7
Transducers such as microphonos
and spoakers 15 26,7 | 33.3 | 67 20,0 | 6.7 6,7
Fluidio devices such as oscillators,
sensors, switches, ete, 15 6.7 26,7 20,0 | 13.3 13.3 6.7 6,7 6.7
Fluid servo devices 1h 21,k 28,6 | 7.1 71| B3| B3 7.1
Spring constants and/or inertial
values 1 21.4 35.7 | 35.7 7.1
Specifioc heat 14 28.6 35.7 | 4.3 7.1 14,3
Sound frequencies 13 53.8 15.4 15,k - 7.7 7.7
Sourd intensities 13 53.8 | 15.% 7.7 ] 7.7 7.7 2.7
Laminates plastica and coramics 13 7.7 15.4 REA 23.1 | 30.8 ?.7 77
Speoifications amd characterdstics
of fittings, pipes amd hoses 13 15.4 7.7 27 53.8 7.7 7.7
Luminescent materials 13 23.1 7.7 23.1 | 30,8 15.4
System losses dus to pressure drops 13 7.7 30,8 30.8 7.7 13.% 7.7
Maximum powsr transfer in a system 13 23,1 7.7 W62 | 15.4 7.7
Or adjust hydranlic serve systems to
meet, performance specifications 12 33.3 8.3 | 16,7 | 25.0 16.7
Thermal eystem efficiency 12 25.0 8.3 4,7 8.3 16,7
Modulation percentage 11 9.1 27.3 | 18.2 9.1 36,4
Fluid capacitance n 18,2 18,2 18.z | 18.2 9.1 18,2
Resonant corditions 10 40.0 10.0 30,0 10.0 10.0
Diffraction gratings 10 20,0 | 10,0 4o,c | 20,0 20,0
Fluid characteristics or
specifications 10 40,0 10,0 40,0 10.0
Refrigeration and/or eirconditioning .
systoms 10 10,0 20,0 | 10,0 10,0 { 10,0 10,0 10,0 .20.0
Ultrasonic devices 9 33.3 22,2 22,2 2.2
Cryogenic systems 9 .1 55.6 ©33.3
Fiuid actuator paremeters 9 11,1 22,2 33.3 11,1 1,1 11.1
Lager devices 7 %3 | 13 42.9 3 1 143
k!t factors 7 14.3 | 28.6 42,9 14.3
t field strength 6 16.7_| 33.3 33.3 ‘16,7
Sourd absorption ccefficients [ 50,0 16,7 | 33.3
Frequencies above 500 megahertz 5 0.0 20,0 20,0
Velocity of sownd in vardous media 4 75.0 25.0
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TABLE XIII

AREA OF ACTIVITY OF TASK PERFORMANCE: 31 TECHNICIANS
6 THROUGH 10 YEARS OF EXPERIENCE

Porcent of Respordents Indicating Lach Area of Activity

&
H 5l e 33
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SR % il 2|43 e {2 | % |2 |3
ki [ ) b a k=l k] 4 e} [
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Tasks &8 4| 8 2| E A 18 |8 & | & | &
Potential differences in cireuit 27 3.7 14.8 | 44b 29.6 | 3.7 3.7
Cireuit losses . 26 3.8 15,4 53.8 23.1 3.8
Irductance and/or capacitance 26 15.4 26,9 w6 (11,5 11,5
Current flow by use of instruments 25 3.8 11.5 30,8 3.8 38.5 7.7 3.8
The gain of an amplifier S| 24 8.3 12.5 25,0 25,0 12,5 8.3 8.3
Integrated circuits 2l 4.2 20.8 33,3 | 4.2 33.3 | 4.2
Specifications of electronic
components 24 8.3 33.3 8.3 29,2 16,7 4,2
Precision measuring instruments and
precision tolerances 24 4,2 42 16,7 12.5 4.2 25,0 [12.5 12.5 . 8.3
"Ihermocouples 23 4,3 4,3 17.4 | 17.4 3.8 8.7 13.0
The effect of feedback loop compo- ) .
nents in slectronic eircuits 23 4,3 4,3 21,7 39.1 12,7 4,3 4,3
X and/or X, 22 31.8 | 27.3 22,7 | 4.5 9.1 45
Mechanical irdexing or sequenching
dovices 22 |45 18,2 | 31.8 |13.6 13,6 {13.6 4.5
Pulse ard logic circuits 21 4.8 14,3 | 28,6 42,9 | 4,8 4.8
Gear trains ani lirkages 21 4.8 14,3 23.8 4.8 28,6 14,3 4,8
Rlss and fall times 20 5,0 5.0 | b0.0 45.0 | 5.0
Charecteristics of materials such as,
hardness, tempsrature charac=
teristics, ste, 20 5.0 30,0 5.0 40,0 115.0 5.0
Photosensitive devices 20 5.0 10,0 20,0 | 15.0 30,0 [15,0 5.0
Vibretory systems or anslysis 19 | 5.3 ) 15,8 | 21,1 | 5.3 42,1 | 5.3 5.3
Spead control mechanisms 19 5.3 21,1 21,1 [ 10,5 26,3 5.3 5.3 5.3
Streas ami/or strein caused by
static forces 18 5.6 16.7 27.8 1" 5,6 27.8 1.1 5.6
Rotational or trenslational retes 18 5.6 22,2 16.7 | 5.6 33.3 | 1.1 5.6
Rate of flow 18 11,1 22.2 5.6 b 5.6 11.1
Blas networks 18 5.6 | 33.3 38,9 22,2
Heat sink and radiator ocapacities 18 16,7 16,7 | 11,1 27.8 |16.7 11,1
Gear retios for maximum power
transfer 18 |5.6 5.6 1,1 | 22,2 | 1.1 11 |27.8 5.6
Component values for tunsd circuits 18 16.7 27.8 11,1 27.8 | 11.1 5.6
Specifioations and charecteristics
of fastening devices such as
adhesives, bolts, rivets, screws
and welds 18 | 5.6 16,7 | 1.1 5.6 27.8 16,7 5.6 5.6 5.6
System power raquirements dealing
with pumwps compressors, etc, 17 5.9 23.5 5.9 52,9 5.9 5.9
Antifriction devices ard lubricants 17 5.9 11,8 | 11.8 23,5 117.6 11.8 17.6
Fluid regulators, sensors, swltches
and valves 17 11,8 35.3 5.9 23.5 |17.6 5.9
Thersal control devices 17 5.9 | 23.5 | 17.6 4.2 | 5.9 5.9
Power converters and ensrgy storage .
cell 16 18,8 18.8 18,8 |18,8 6.3 18,8
Transmission and delay lines 16 25,0 | 18.8 3.3 |32,5 6.3 6,3
System response time 16 12,5 25.0 6.3 31,3 |i12.5 12,5
Thermal capacity and thermal
resistance 16 12,5 | 31.3 43,8 | 6.3 6.3
Mechanical servos 16 6.3 12.5 25,0 | 12,5 37.5 6,3
Light intensity 16 18.8 18.8 | 12.5 37.5 | 12.5
Laminates plastios and ceramics 16 18,8 6,3 6.3 25,0 | 37.5 : 6.3
Pressure drops in & aystem 15 13.3 20,0 6.7 33.3 6.7 13.3 6,7
Bearing loadings and specifications |15 20,0 13,3 | 13.3 26,7 |13.3 6.7 6,7 -
Lans systems 15 13.3 | 20,0 | 13.3 26,7 ]13.3 6.7 6.7
Micro electronic components, circutts, .
and packaging 15 6.7 13.3 | 20.0 33.3 | 20,0 6.7
Photo emittive devices 15 13.3 20,0 | 20,0 33.3 6,7 6,7 iy

*Tasks as derived from instrument, prefaced by "do you work with or determine."
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Piezoelectric devices 14 21,4 35.7 7.1 7.1 7.1 7.1 7.1 7.1
System losees due to pressure drops | 14 7.1} 2L4} 7.1 42,91 7,1 7.1 7.1
Spring conatants and/or inertial
valuea 14 14,3 2141 14,3 21,4 21.4 7.1
Specifications and characteristics
of fittings, pipes and hoses 14 7.1 7.1 28,6 7.1 28,6 | 14,3 7.1
Coefficient of friction 13 7.7 15.4 30.8 | 15.4 23.1 7.7
Powsr transmiselon systems such as
balts, chains and drive shafts 13 15,4 30.8 7.7 7.7 1 23.1 7.7 7.7
Fluidio devices such as oscillators, .
asnsors, switches, ete, 13 15,4 | 23,1 7.7 3.5 7.7 7.7
Ultrasonic devices 13 7.7 | 154 ] 154 23,1} 15.4 7.7 15.4
Thermal chambers 13 5.4 7.7 7.7 61.5 7.7
Powsr requirements of mechanical
systems 12 25,0 16,7 8.3 25,0 8.3 8.3 8.3
Stresses and streins by dynamic
force 12 25,0 16,7 8.3 8.3 ] 16,7 8.3 16.7
Optioal filters and polarizers 12 25,0 8.3} 16,7 8.3 | 16,7 8.3 16.7
"Sound frequenciss 12 16,7 8,31 8.3 33,31 25.0 B3
Sourd intensities 12 16,7 8.3] 8.3 33.3] 25.0 8,3
Industrial control and high power :
switching circuits 12 8.3 41,7 8.3 8.3 | 25.0 8.3
Tranaducers such as mlorophones
and speakers 12 25.0 8.3 8,3 41,7 | 16,7
Fluid characteristics or
spacifications 11 9.1 18,2 9.1 54,5 9.1
Heat losses 10 10,0 } 20.0 60,0 | 10,0
Fluld capacitance 10 20,0 20,0 { 10,0 20,0 | 10,0 2070
Refrigeration amifor aircorditioning ;
systens 10 20,0 20,0 | 20,0 20,0 10,0 10,0
Frequencies above 500 megaherty 9 11,1 11,1 | 13,1 446 1 11,1 J11.1
Light frequency 9 by 11,1 33.3 ] 11.1
Modulation percentage 9 [N 33.3 11,1 1.1
Luminescent materiels 9 1.1 33.3 22,2 1.1 | 22,2
Heat flow rates for tewmperature
differential 8 12,5 12,5 | 12.5 50,0 | 12.5
Specific heat 8 25.0 | 12,5 50,0 | 12,5
Maximum power transfer in a system 8 12,5 25,0 { 12,5 37.5 | 1z2.5
Diffraction gratings 8 25.0 12.5 | 25.0 12,5 | 12.5 12,5
Antenna field strength 8 12,5 37.5 25.0 25.0
Fluid measuring devices 7 14,3 | 14,3 42,9 .3 | 143
Resonant conditicns 7 28,6 | 14,3 | 14,3 28,6 | 14,3
Pluid servo devices 7 28.6 14,3 | 14,3 42,9
Laser devices 7 14,3 4,3 | 143 42,9 14,3
Cryogenic systems é 4,3 | 1%3 | 14,3 42,9 i3
Dew point or humidity 7 28,6 14,3 | 28,6 28,6
Thermal system efficiency [ 16,7 50,0 | 16.7 16.7
Velocity of sourd in various media [ 16.7 16,7 | 16,7 33,3 16,7
Fluid actuator parameters [ 33.3 | 33.3 16,7 | 16,7
Or ad just hydraulic servo systems to X
meet performance specifications 5 20,0 20,0 j 20,0 40,0
! Wgh factors 4 25.0 50,0 25.0°
Soqnd absorption coafficients L 25,0 | 25,0 25.0 | 25.0
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TABLE XIV

AREA OF ACTIVITY OF TASK PERFORMANCE:
OVER 10 YEARS OF EXPERIENCE

35 TECHNICTIANS

Percent of Respordenta Indicating Each Area of Activity
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Current flow by use of inatruments |33 | 3.0 | 9.1 | 121 | 3.3 33.3 3.0 | 61 3.0
Potential differences in cirouit 32 3.1 6.3 15,6 28,1 31.3 3.1 9.4 3.1
Thermocouplas 29 | 3.4 13,8 | 13.8 {13.8 4.4 6.9 3.4 3.4
Precision measuring instruments and
precision tolerances 29 3.4 13.8 20,7 24,1 | 10,3 6.9 10,3 3.4 6,9
Thermal control devicsa 28 3.6 17.9 25,0 7.1 32.1 7.1 3.6 3,6
Circuit losses 26 3.8 3.8 30,8 19.2 19.2 3.8 11.5 3.8 3.8
Specificatioris of slectrornio
components 26 3.8 7.7 15.4 11,5 23.1 { 19.2 11,5 7.7
Irductance and/or capacitance 25 3.8 7.7 30,8 19.2 23.1 7.7 3.8 3,8
The effsot of fssdback 1loop oompo= .
nents in elsctronio cirouits 24 25,0 25,0 25,0 | 12.5 8.3 4,2
X and/or o 23 | &3 8.7 3.8 8.7 26,1 | 8.7 8.7
The gain of an amplifier 23 30,6 | 13,0 30,5 13.0 8.7 53
Pulse and logic circuits 21 4,8 4.8 28.6 19.0 14,3 | 14,3 4.8 4.8 4.8
Integrated circuits 21 | 4.8 4,8 19,0 | 19,0 | 4,8 9.5 | 19,0 4.8 9.5 4.8
Blas networks 20 5.0 20,0 25.0 30,0 | 15,0 5.0
Speed control mschanisms 20 5.0 10,0 25,0 [ 15.0 20,0 5.0 10,0 10,0
Heat sink and rsdiator capacities 18 5.6 38.9 1.1 22,2 | 22,2
Powsr converters and snergy storage
cell 18 11,1 | 16,7 | 5.6 | 44 5.6 | 11,11 5.6
Gear trains and linkages 18 5.9 5.9 35.3 5.9 17.6 5.9 5.9 1.8 5.9
Rise and fall times 18 11,1 27.8 11,1 27.8 5.6 11,1 5.6
Machanical indexing or sequenching
devices 18 | 5.6 5.6 5.6 | 333 /1.1 16,7 | 11.1 5.6 5.6
Thermal capacity and thermal
- resistance 18 16,7 | 16,7 | 5.6 Wb | 5.6 5.6 5.6
Fluid regulators, sensors, switohes *
ard valves 18 5.6 16,7 5.6 22,2 16,7 11.1 22,2
Piazoelectric devices 1?7 11,8 { 17.6 35,3 | 17.6 | 11,8 5.9
Mschanical servos 17 23,5 | 23.5 | 5.9 12,6 5.9 5.9 5.9 | 11,8
Specifications amd characteristics
of fastening devicea such as
adhesives, bolts, riveta, screws
and welds 17 23.5 | 11.8 |17.6 5.9 | 23.5 17.6 )
Antifriction devices and lubricants |16 12,5 | 18.8 | 6.3 6.3 6.3 | 43.8 6.3
Powsr transmission systems such as
belts, ohains and drive shafta 16 6.3 37.5 | 2.5 6.3 6,3 31,3
Photosansitive devicas 16 3L3 | 25.0 12,5 18,8 6.3 6.3
Heat flow rates for temperature
differential 15 26,7 | 20,0 20,0 | 6.7 6.7 6.7 { 13.3
Transmission and delsy lines 15 | 6.7 6.7 | 20,0 46,7 113.3 6,7
Lens syatems 15 20,0 1 13,3 | 6.7 26.7 6.7 6.7 6.7 1 13.3
Industrial contrel and high power
switching circuits 15 [13.3 20,0 33.3 26,7 6,7
Fhoto emittive devices 15 20,0 | 26,7 26,7 6,7 |+ 13.3 6,7
Rate of flow h 7.1 14,3 | 28,6 28,6 | 7.1 7.1 7.1
System power requirements dealing
with pumps, compressors, etc, b 21,k 21,4 21,4 7.1 7.1 7.1 14,3
Component values for tuned circuitas 14 35.7 7.1 35.7 | 14.3 . 7.1
1ight intenaity 14 5.7 14,3 1.3 2.4 7.1 7.1
Micro electronic componsnts, circuits,
and packaging 14 7.1 7.1 21,4 21,4 214 | 14,3 7.1
Characteristics of materials such aw, :
hardness, tompereture charac~ .
teristics, eto, W 28,6 7.1 214 | 21.4 14,3 7.1
Pressure drops in a system 13 7.7 15.4 38.5 23.1 7.7 7.7
Fluid measuring devices 13 8.3 41,7 8.3 25,0 16,7
Bearing loadings and specifications |13 30.8 23.0 15.4 7.7 | 15.4 7.7
Gear ratios for maximum powsr )
transfer 13 7.7 i5.4 | 30,8 }23.1 7.7 [ 7.7 7.7
Daw point or humidity 13 15.4 7.7 53.8 | 23.1

*Tasks as derived from instrument, prefaced by "do you work with or determine.”
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System losses due to pressure drops | 12 8.3 25.0 33.3 25,0 8.3
Heat losses 12 | 8.3 25,0 | 16,7 25,0 | 16,7 8.3
Spring constants and/or inertial .
values 12 25,0 | 25.0 25,0 | 16,7 8.3
Vibratory systeas or amlysis 12 16,7 16,7 | 8.3 50.0 8.3
Sourd intensities 12 8.3 8.3 8.3 51,7 1 8.3 8.5 18,7
Refrigeration and/or airconditioning
systeas 12 41,7 (25,0 8.3 | 16,7 8.3
Stress ard/or strain caused by
static forces 11 18,2 18.2 27.3 9.1 9.1 9.1 9.1
_Specific heat 11 8.2 | 27.3 36,4 |28.2
Thermel chambers 11 18.2 9.1 5.5 | 9.1 18,2
Transducers such as microphones
and speakers 11 9,1 45.5 9.1 18,2 18,2
‘Cosfficient of friotion 10 50,0 20,0 10,0 | 10,0 10,0
Powsr requirements of mechanical
gystems 10 |10.0 10,0 30.0 20,0 20,0 10,0
k! faotors 10 Lo,0 10,0 30,0 | 20.0
System response tine 10 10.0 40,0 10.0 10,0 30,0
Specifications and charaoteristics
of fittinga, pipes ard hoses 10 10.0 10,0 20.0 | 20,0 30,0 10,0
Optical filters ard polarizers 10 20,0 10.0 40,0 10,0 | 20,0
Thermal asystem efficiency 9 33.3 11,1 33.3 | 22.2
Resorant conditions 9 11,1 55,6 (11,1 | 1.1 111
Fluid servo devices 9 1,1 22,2 22,2 11,1 1.1 11,1 11,1
Sourd frequencies 9 11.1 Wb 11,1 1.1 22,2
Modulation percentage 9 22,2 11.1 22,2 11,1 11,1 22,2
Laminstes plastics ard ceramics 9 33.3 33.3 | 22.1 N 1,1
Rotational or translational retes 8 25,0 | 25,0 3.5 12,5
Stresses ard strains by dynamlc
forcs 6 25.0 37.5 25.0 12,5
Fluidie devices such as oscillators, )
sensors, switches, eta, 8 12,5 25.0 {12,5 25.0 12,5 12,5
Luminescent matorials 8 37.5 25,0 12,5 12,5 12,5
Or ad just hydraulic ssrvo systems to
most performance specifications ? 28,6 14,3 4.3 | 42,9
Light frequency 7 28,6 | 28,6 28.6 4.3
Antenra field strsngth 7 14,3 42,9 14,3 | 143 14,3
Fluid capacitance 6 16.7 33.3 16.7 16,7 | 16,7
Frequencies above 500 megsherter 6 33.3 33.3 | 33.3
Ultrasonic devices 3 16,7 66,7 16,7
Fluid characteristics or
specifications 6 33,3 16,7 16.7 | 16,7 16,7
Maximum. power treanafer in & system 5 20,0 20,0 Lo,0 20,0
Diffraction gratings 5 40,0 20,0 20,0 20,0
Sourd absarption cosfficisnts 4 25,0 50,0 . 25.0
Velocity of sound in vauious media 4 75.0 25,0
Cryogsnic systems 4 50,0 50.0
Fluid actuator parsmeters 4 25,0 25,0 25.0 25.0
Laser devices 2 50,0 50,0
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experience. Testing, analyzing, troubleshooting, and constructing indi-
cated as primary activities by 76.1 percent of the technicians with 3 to
5 years of experience. Testing, troubleshooting, analyzing, and con~
structing were indicated as primary activities by 80.6 percent of the
technicians with 6 to 10 years of experience. Testing, analyzing, and
troubleshootiﬁg were indicated as primary activities by 65.0 percent of

the technicians with over 10 years of experience.

TABLE XV

PRIMARY ACTIVITIES OF PERFORMING ELECTROMECHANICAL
TASKS BY YEARS OF EXPERIENCE

Percent of Respondents for Each Area of Activity

Activities O to 2 Years 3 to 5 Years 6 to 10 Years Over 10 Years
Percent Percent Percent Percent
Instructing 0.0 1.0 1.4 1.5
Modifying 2.0 1.4 1.5 2.5
Analyzing 9.0 19.4 16.3 19.7
Troubleshooting 31.3 18.6 22.3 18.6
Installing L.5 3.2 7.6 3.2
Testing 2k.7 26.8 30.7 26.7
Constructing 10.2 11.3 11.3 8.1
Calibrating 6.2 4.2 3.3 L.5
Repairing 6.9 6.1 1.8 5.8
Servicing 3.6 3.0 2.0 3.0

Operating 1.5 4.9 1.9 6.4
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Table VI shows the ranking of the selected mathematical tasks by
the number of respondents indicating a frequency of use. To compare the
rank of the mathematical tasks by the four categories, a Spearman rank
coefficient of correlation was computed for each possible pairing.

These coefficients are as follows:

0 to 2 vs; 3 to 5 .94

O to 2 vs. 6 to 10 .87

O to 2 vs. over 10 .86

3 to 5 vs. 6 to 10 .90

3 to 5 vs. over 10 .86

6 to 10 vs. over 10 .85

The mathematical tasks thaf increased in rank with increased years
of experience were logarithms, solution of oblique triangles, complex
numbers, and integration. The mathematical tasks that decreased in rank
with increased years of experience were exponents and radicals, determi-
nants, analytic geometry, decibels and quadratic equations.

Table V shows the ranking of the selected communication tasks by
the number of respondents indicating a frequency of use.

To compare the rank of the communications tasks by the four cate-
gories, a Spearman rank coefficient of correlation was computed for each
possible pairing. These coefficients are as follows:

O to2 vs. 3 to5 .88

O to 2 vs. 6 to 10 <77

O to 2 "vs. over 10 .90

3 to 5 vs. 6 to 10 .82

3 to 5 wvs. over 10 - .92

6 to 10 vs. over 10 <9k
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Tasks that increased in rank with increased years of work experi-
ence were read specifications and present findings orally. Tasks that
decrease in rank with increased years of experience were participate in
training and teaching activities and computer programming.

Table VII shows the ranking of the selected shop tools by the
number of respondents indicating a frequency of use.

To compare the rank of the shop tools by the four categories,a
Spearman rank coefficient of correlation was computed for each possible
pairing. These coefficients are as follows:

O to2 vs. 3to5 .5k

0O to2 vs. 6 to 10 .75

O to 2 vs. over 10 «73

3 to5 vs. 6 to 10 .84

3 to 5 vs. over 10 .88

6 to 10 vs. over 10 .95

Items that increased in rank with increased years of experience
were lathe and abrasive power tools. Items that decreased in rank with
increased years of experience were milling machine, gas welder, and
sheet metal tools.

Table VIII shows the ranking of the selected test equipment by the
number of respondents indicating a frequency of use. To compare the
rank of the test equipment by the four categories, a Spearman rank coef-
ficient of correlation was computed for each possible pairing. These
coefficients are as follows.

Oto2 vs. 3 to5 .88

0O to 2 vs. 6 to 10 .88

O to 2 vs. over 10 .89
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3 to5 vs. 6 to 10 .92

3 to 5 vs. over 10 .92

6 to 10 vs. over 10 .89

In comparing the ranking of each item of test equipment, few trends
could be established. Items compression tester, tension tester, and
viscosity meters did decrease in rank with increased years of experience.

Item strobelight increased in rank with increased years of experience.
Technicians' Data by Major Emphasis of Work

The information included in fhis section includes the usable data
from 137 electromechanical technicians. The data were separated into
categories according to major emphasis of work, as indicated b& the
technicians on the coversheet of their questionnaire. These categories
were research and design, production, sales, maintenanée, and other.
The five categories consisted of 48, 28, 0, 52, and 9 technicians,
respectively. Of the nine technicians included in the category, other,
six specified testing and one each specified environmental evaluation,
field service, and instrumentation service.

Tables XVI through XIX show the ranking of the selected electro-
mechanical tasks by the number of respondents indicating a frequency of
use. The percent of responses for each area of activity are also shown
in these tables. The ranking of the tasks for each category was com-
pared with each of the other categories. The Spearman rank coefficients
of correlation are as follows:

R&D vs. Prod 7k

R&D vs. Main « 75

R &D vs. Other 6k
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Prod vs. Main .82
Prod vs. Other .72
Main vs. Other .67

In ranking the 84 selected tasks, 16 Electrical-electronic, 7
Mechanical, 4 Fluid, 3 Thermal, 2 Optical, and O Acoustical tasks were
ranked in the upper quartile by at least one of the four selected
categories.

Table XX shows the percent of respondents for each of the four
categories indicating each of the selected primary activities, analyz-
ing, testing, and constructing were indicated as primary activities by
70.7 percent of the research and design technicians. Testing and
troubleshooting were indicated as primary activities by 73.3 percent of
the production technicians. Troubleshooting, testing, analyzing, and
repairing were indicated as primary activities by 77.9 percent of the
maintenance technicians. Testing was indicated as the primary activity
by 58.1 percent of the technicians in the category others.

Table VI shows the ranking of the selected mathematical tasks
by the number of respondents indicating a frequency of use. To compare
the rank of the mathematical tasks by the four categories, a Spearman
rank coefficient of correlation was computed for each possible pairing.

These coefficients are as follows:

R&D vs. Prod .89
R &D vs. Main .87
R &D vs. Other .95
Prod vs. Main .93
Prod vs. Other .88

Main vs. Other .79



TABLE XVI

AREA OF ACTIVITY OF TASK PERFORMANCE: 48 TECHNICIANS
RESEARCH AND DESIGN

Percent of Respordents Indicating Each Ares of Activity
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Task el & | % L E A 18 13 1 &8 | &1 &
Tharmocouplss 42 2.4 23.8 2.4 (11,9 35,7 7.1 4,8 11.9
Potontial differences in circuit 41 29.3 17,7 2.4 34,1 4.9 4.9 7.3
Current. flow by use of instruments 40 2.4 26.8 14,6 4,9 29.3 7.3 4,9 9.8
Heat sink and radiator capacities 38 28,9 2,6 1 7.9 23.7 | 31.6 5.3
Inductance and/or capacitance 38 2.6 | 13.2 3.2 5.3 15,8 | 23.7 2.6 2.6
Integrated circuits 3B | 5.3 2.6 3.6 | 10.5 | 2.6 15,8 | 23.7 5.3 2.6
Specifications of elsotronic
components B | 2.6 2.6 3.2 7.9 | 2.6 15.8 | 34.2
Circiut losses 37 k.5 8.1 21,6 | 10.8 8.1 2.7 8.1
The gain of an amplifier 37 2.7 5.4 35.1 2.7 21,6 [°10.8 10.8 | 2.7 8.1
The effect of fesdback loop compo-
nentes in electronic circuits 37 2.7 2.7 29.7 16.2 13.5 | 24.3 5.4 2.7 2.7
Rise and fall times 35 5.7 | 33 | 57 A4 T1L7 | 5.7 | 5.7
Specifications and characteristics
of fastening devices such as
adhesives, bolts, rivets, screws
and welds 35 2.9 2.9 28,6 5.7 |14 5.7 | 42.9
Thermal control devices 35 25.7 5.7 5.7 A4 | 114 2.9 2.9 2.9 114
K, andfor X 3 | 29| 20 | 500 | 29 17.6 | 17,6 2.9 | 2.9
Blas networks 32 3.1 313 8.3 25,071 313 3T
Mechanical indexing or sequenching
dovices 32 | 6.3 3.1 12,5 | 15,6 12,5 12.5 | 2.9 3.1 6.3 3.1 3.1
Precision measuring instruments and .
precision tolerances 32 2,4 28,6 4.8 2.4 19,0 | 21.4 11,9 2.4 7.1
Characteristics of materdals such as, :
hardness, température charac-
teristics, etc, 32 3.1 3h b 3.1 6,3 31.3 | 18.8 3.1
Antifriction devices and lubricants | 31 12.9 9.7 112,9 19.4 | 22,6 . 3.2 | 12,9 6.5
Speed control mechanisms 31 3.2 3.2 2.6 6,5 116,1 19,4 | 16,1 3.2 3.2 6.5
Light intensity 31 38,7 3.2 | 6.5 22,6 | 12,9 3.2 3.2 3.2 6.5
Pulse amd logic circuits 30 6.7 6,7 33,3 10.0 3.3 16,7 | 16,7 3.3 3.3
Component values for tunsd circuits 30 6,7 33.3 6.7 16.7 | 26,7 3.3 3.3 3.3
Fiezoslectric davices 29 27.6 | 10.3 27.6 | 20.7 6.9 34 3.4
Gear trains and linkages 29 3.4 17.2 13,8 10,3 17.2 | 24.1 3.4 10.3
Stresses ard strains by dymanlc
force 29 27,6 6.9 | 3.4 27,6 | 20,7 3.4 10,3
Thermal capacity and thermal
restatance 29 3.5 | 10.3 34.5 |1 13.8 3.4 3.4
Lens systems 29 272.6 6,9 31,0 | 172.2 3.4 3.4 1 10,3
Laminates plastics ard ceramica 29 4.5 3.4 6.9 17,2 | 37,9
Photosensitive devices 29 { 6.9 3.4 27.6 6.9 24,1 | 20,7 3.k €.9
Power converters and energy storage
coll 28 3.6 17.9 10,7 28,6 | 28,6 3.6 3.6 3.6
Micro electronic components, circuits
and packaging 28 3.6 32.1 10.7 3.6 14,3 | 35.7 |
Coefficient of friction 27 3.7 25.9 7.4 1 7.4 29.6 | 25,9
Gear ratios for maximum power
transfer 27 3.7 18.5 18.5 {18.5 7.4 1 25.9 3.7 3.7
Vibratory systems or analysis 27 3.7 29,6 111 7.4 29.6 [ 11,1 3.7 3.7
Optical filters and polarigers 27 3.7 29,6 7.4 259 | 7.4 |’ 3.? 3.7 | 18,5
Stress andfor strain caused by .
(__static forces 26 | 3.8 26,9 3.8 | 7.7 1 269|231 3.8 . 3.8
Bearing loadings and specifications | 26 23.1 7.7 115.4 15,4 | 26,9 3.8 3.8 3.8
Power requircmsnts of mechanical
systoms 26 23.1 3.8 |1L.5 15.4 | 30.8 3.8 1,5
Spring oonstants and/or inertial
values 26 19.2 7.7 7.7 23.1 j 38.5 3.8
Power transmission systema such as .
belts, chains and drive shafts 26 1.5 15,4 11,5 19.2 | 26,9 3.8 3.8 7.7,
Thermal chambers 26 19.2 3.8 | 3.8 46,2 | 11.5 15,4
_Fhoto emittive devices 26 3.8 3.8 26.9 ?.?7 23.1 | 23.1 8.3 7.7

*Tasks as derived from instrument, prefaced by "do you work with or determine.
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Task Eg| 5 | & L1 ELA dl1 8 | s &1 4] &
Rotational or translational rates 25 4,0 36,0 8.0 4,0- 16,0 } 20,0 4,0 8,0
Rate of flow 24 20,8 20.8 4.2 25,0 | 16.7 .2 4,2 b2
Heat losses 24 29,2 4,2 4,7 | 16,7 4,2 b2
Trananission and delay lines 24 | 8.3 25,0 4,2 33.3 | 25.0 b2
System reaponse time 24 4,2 25,0 20,8 4,2 33,3 4,2 8.3
Mechanical servos 24 5,2 20.8 12.5 | 16,7 25,0 L.2 LW 12,5
Dew point or humidity 24 33.3 8.3 37.5 | 16.7 &2
Heat flow rates for temperature
differential 23 4.8 8.7 26,1 | 17.4 8.7 &3
Pressurs drops in a system 21 19,0 23.8 | 4.8 23.8 | 14,3 4,8 9.5
Luminescent matorials 21 28,6 9.5 9.5 | 28.6 4.8 14,3 4.8
Thermal system efficiency 20 30,0 5.0 35.0 | 20,0 10.0
Light frequency 20 50,0 5.0 3.0 5.0 10,0
I Sound intensities 20 25,0 5.0 25,0 t 25,0 10,0 10,0
Industrial control and high powsr
switching eircuits 20 20,0 30.0 20,0 | 25.0 5.0
Trensducers such as microphones
ard speakers 20 25.0 5.0 35.0 | 20,0 10.0 5.0
System power requirements dealing
with -pumps, compressors, ste, 19 21,1 5.3 | 10.5 31.6 | 10,5 5.3 5.3 10.5
Fluld measuring devices 19 5.3 15.8 | 10.5 21,1 | 10,5 5.3 10.5 21,1
Spscific heat 19 31,6 5.3 36,8 | 26,3
Sound frequencies 19 26,3 5.3 26,3 | 21.1 10,5 10.5
System losses due to pressurs drops 18 22,2 16.7 5.6 27.8 | 16,7 1.1
Fluid regulators, sensors, switches
and valves 18 14,3 28.6 9.5 9.5 | 19.0 4.8 14,3
Refrigeration and/or airconditioning
systems 18 16.7 |- 5.6 | 5.6 33.3 { 16.7 5.6 5,61 11,1
Maximum power transfer in a system 17 11.8 23,5 | 11.8 29,4 | 17.6 5.9
Fluid servo devices 17 1.8 | 17,6 | 5.9 29.4 | 17,6 5.9 5.9 5.9
Spacifications and characteristics
of fittings, pipes and hoses 17 5.9 11.8 11.8 5.9 5.9 | 52.9 5.9
Fluidic deviaes such. as oscillators,
sensors, switches, etec, 16 25,0 12,5 6.3 25,0 18.8 12.5
Uiffraction gratings 16 25.0 12.5 25,0 | 12,5 25.0
Ultrasenic devices 16 6.3 6,3 | 6.3 31.3 { 6.3 18.8 - 25,0
Hich factors i5 40,0 6.7 33.3 {13.3 6.7 .
Resondnt conditions 15 40,0 6.7 26,7 | 13.3 6.7 6,7
. Modulation percentage ° 15 6.7 33.3 20,0 13.3 20,0 6,7
- memﬁ: above 500 megahertz pL 35.7 7.1 1.3 | 35.7 7.1
Fluid characteristics or
specifications 14 42,9 7.1 7.1 21,4 | 14,3 7.1
: Cryogenic systems 13 7.7 7.7 7.7 3.5 8.5
Fluid sctuator parameters 13 15,4 | 23,1 |15.% 15,4 7.7 7.7
Or adjust hydreulic servo systems to
meat performance specifications 12 25.0 8.3 16,7 | 16.7 25,0 8,3
Laser devices 12 16,7 8.3 4.7 8.3 8.3 16.7
Antenna field strength 12 33.3 16,7 33.3 8.3 8.3
_Fluid capacitance 1 27.3 9.1 | 9.1 18,2 [27.3 |- 9.1
Sourd absorption coeffisients 10 30.0 10,0 1} 10,0 10,0 | 30.0 10,0
Velocity of sound in vauious media 10 20.0 20,0 40,0 20,0

61



»
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AREA OF ACTIVITY OF TASK PERFORMANCE:
28 TECHNICIANS PRODUCTION

g Each Area of dotivity
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, Taskc® 81 8 51 %2 |4 g t8g | 31 &g | &1 &
Potential differsnces in circuit 23 43 1652 217 8.7
Current flow by use of instrusents -| 22 40,9 59.1 .
Inductance andfor capscitance 22 9.1 | 3..8 40,9 13,6 4,5
Ciroult losses 21 4.8 | w7.6 42,9 4.8
Specifioations of eleotronic .
components 21 4.8 9.5 | 19.0 | 4.8 42,9 | 9.5 4.8 4.8
Integrated oiroults 18 5.6 | 33.3 38.9 5.6 } 1L.1 5.6
The gain of an amplifier 18 5.6 | 33,3 50,0 1.1
Riss and fall times 18 27.8 72,2 .
Pulse and loglo circuits 17 5.9 1 23.5 58,8 5.9 5.9
Thermocouples 16 18,8 |12,5 56,3 12.5
Specifications and charecteristics
of fastening devices such as i
adhesives, bolts, rivets, screws
and welds 16 6.3 6.3 {18.8 313 [18.8 12.5 6.3
Precision measuring instruments and
precision tolerances 16 12,5 | 18.8 7.5 [12.5 | 12,5 6.3
Component values for tuned cirouwits | 15 6,7 | 40,0 40,0 13.3
Pressurs drops in & system ) 1% 1,3 | 2L.4 50,0 14.3
%o andfor X 10 7.1 28,6 | 2L.4 35,7 7.1
The effest of feedback loop compo= R
nents in eleotrordc oircuits 14 7.1 50,0 35,7 7.1
Micro elsctronic components, circuits, . R
and packaging pL 7.1 28,6 50,0 7.1 7.1
Heat sink and rediator capaoities 13 7.7 7.7 30.8 7.7 30,8 7.7 | 7.7
Bias networks 13 B 30.8 53.8 15,4
Systom power requirements dealing .
with pumps; compressors, eto, 13 23,1 7.7 69,2 )
Rate of flow 12 8.3 8.3 58,3 25.0
Fluid regulators, sensors, switches : .
and valves 12 i 33.3 50,0 8.3 8.3
Specifications and chareoteristios
of fittings, pipes and hoses 12 8.3 }33.3 50,3 § 8.3 .
Thermal control devices 12 25.0 8.3 58,3 8.3
Powar oonverters and energy storege
cell 11 9.1 18,2 63.9 9.1
Charecteristics of matorials such as, '
buydness, temperature charec- . X
terdstics, eto. 11 9.1 27,3 45.5 9.1 9.1
Photosensitivae devices 1 18,2 | 9.1 36,4 | 9.1 9.1 9.1 9.1
Goar treins and linkages 1 9.1 | 27.3 | 9.1 36.4 9.1 9.1
System losses dus to pressure drops | 11 18,2 9.1 54,5 18,2
Stress and/or strain caused by . .
static forces 10 30.0 10,0 50.0 10,0
Rotational or translational rates 10 10,0 70.0 10,0 10,0
Power requirements of mechanioal
aystems 10 10.0 | 10,0 60,0 20,0
Transmission and delay lines 10 10,0 70.0 10,0 10,0
Power tramsmission systems such as
belts, chains and drive shafts 16 {10,0 20,0 40,0 | 10,0 10,0 10,0
Spesd control mochanisus 10 30.0 50,0 20,0
Light intensity 9 11,1 66,7 | 11,1 11.1
Thermal chambera 9 11.1 77.8 11,1
Antifriction devices and lubricants 9 ji1,1 11.1 Wb {11,1 11.1 11,1 |
- Fludd measuring devices 8 28.6 571 14,3
Heat losses 8 12.5 | 25.0 62,5
Gear ratios for maximum power
transfer 8 12,5 | 12,5 37.5 | 25.0 { 12,5
Mochanical indexing or sequénching 1
devices 8 37.5 12,5 37.5 | 32,5
Vibratory systems or analysis 8 12,5 75.0 12,5

*Tagks as derived from instrument, prefaced by "do you work with or determine.”
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Photo emlttive devices 8 25,0 62,5 12,5
Thermal capacity and thermal b
resistance 7 7.4 .3 14,3
Heat flow rates for temperaturs
differential . 4 .3 85,7
Mechanical servos ? 14,3 | 28.6 57.1
Lens syastems 7 1,3 7.4 | 14,3
Fluid charecteristics or
specifications 7 14,3 L 14,3
Specific heat . 7 14,3 | 85,7
Bearing loadings and spscifications 6 116,7 : 16,7 50,0 | 26,7
Fluid’ capacitance 6 | 50,0 50,0
Fluidic devices such as oscillators,
sensors, switches, stc, 6 33.3 33.3 | 16.7 | 16.7
Thérmal system efficlency 6. 16.7 - 66,7 16.7
Qystem reaponss time N 6 33.3 33.3 33.3
| pew point or humidity 5 20,0 60,0 20,0
Irdustrial control and high power
; ~ switching circuits 5 40,0 4o,0 | 20.0
Spring constants and/or inertial
. __values 5 20,0 40,0 ] 20,0 20,0
" W factors b 25.0 | 25,0 50,0
Stresses and strains by dymsmic
force 4 25,0 25.0 | 25.0 25.0
Maxirum power transfer in a system 4 75,0 25,0
Laminates plastics and ceramics 4 25.0 . 5C,0 25.0
.- Luminsscent materials 4 : 25.0 . 50,0 | 25.0
- Ultreagdonic devices 4 25,0 | 25.0 25.0 25.0
Sourd intensities 4 25,0 50,0 25.0
Sound Trequencies 4 25.0 50,0 25.0
Fluid servo devices b 25,0 25,0 25,0 | 25,0 .
Or adjust hydreullic servo systems to
. __meet performance specifications 3 33.3 33.3 33.3
Refrigeration and/or airconditionming
systens 3 33.3 33.3 33.3
Trensdicers such as microphones
and speakers 3 33.3 66,7
7. Optical filters and polarizers 3 33.3 | 33.3 33.3
1Aght frequency 3 33.3 | 33.3 33.3
Antenna field strength 2 50,0 50.0
Modulation psrcentage 2 50,0 : 50,0
Diffrection gratings 2 30,0 50.0
Resonant conditions 2 100,0
Cosfficlent of friction 2 100,0
Plezoelectiic devicas 1 100.0
Sourd absorption coefficients 1 100,0
Froquencles above 500 megaherts .1 100,0
Cryogenlc .systens 1 100.0
Fluid actuator paramsters 1 100,0
. Laser devices 0
0

Velocity of sound in various media



TABLE XVIII

AREA OF ACTIVITY OF TASK PERFORMANCE:
52 TECHNICIANS MAINTENACE

Percent of Respordents Indicating Each Area of Activity:
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, - Task# £S48 851 & E |8 | 34| & | &1 &
. Current flow by use of instruments | 46 6.5 ‘6.5 45,7 17,4 | 2,2 | 10,9 6.5 2.2 2,2
Potential differences in circuit 43 3,3 7.0 62,8 ! 11,6 2.3 7:0
" Ciroult losses . 7 S 13.5 | 5L.4 | 2.7 16,2 | 2.7 2,7 2.7 2.7
. Therml control devices 37 2,7 | 459 | 81 | 189 10,8 | 13,5
Th wples i 35 2,9 | 48,6 |14.3 20,0 5.7 8,6
Pulse and logic cirowits: 35 2.9 2.9 114 51,4 17,1 1 8.6 2.9 2.9
Gear trains ard linkages | 35 5.9 5.9 1 38.2 | 59 11,8 2.9 | 2.9 T 23.5 2.9
Intsgrated circults 35 2.9 1.4 | 54,3 | 2.9 L4 | 5.7 | 5.7 2.9 2.9
Specifioations of electronic i . ’
components : 35 114 .3 0,3 20,0 5.7 8.6 20.0 5.7
Precision measuring instruments and R
précision tolerances ' 35 2.9 5.7 5.7 25.7 22,9 2.9 1.4 20.0 2.9
Inductance anifor capacitance W 2.9 | 4.3 | 25.7 25.7 | 5.7 | b | 5.7 | 8.6
Speed control mechanisms W 5.9 5.9 | w71 | 59 | 1.8 | 2.9 w7 | 29| 2.9
Blas natworks v 3 6.5 | 45.2 22,6 | 9.7 | 6.5 9.7
The gain of an amplifier 3 6.5 6.5 32.3 22,6 | 3.2 12,9 6,5 9.7
The effeot of feedbeck loop compo- j
nents in electronic circuits 30 13.3 | 36.7 30.0 3.3 | 0.0 6.7
Fluid regulators, sonsors, suitchqs .
and valves 0 3.3 | 50,0 | 6.7 16.7 16,7 6,7
Photosensitive devices 29 6.9 48,3 | 3.4 17.2 3.4 13.8 3.4 3.4
% andfor X, ) 28 3.6 | 32.1 | 25.0 21,4 | 3.6 | 3.6 | 10,7
Poway convertors and energy storage i i
osll i 28 3.6 1 39.3 | 7.1 | 179 7.1 | 10,7 | 4.3
. Rate of ﬂov i 27 7.4 [ 3.7 22.2 11,1 11,1
ystem power requirements dealing : .
with pumps, compressors, eto, 27 3,7 | 55.6 | 3.7 18,5 7.4 s 3.7
Mechanical indexting or sequenching )
devices 27 7.4 | 59.3 j11.1 7.4 1,1 3.7
Power transmlssion systems such as .
belts, chains and drive shafts 26 3.8 2.3 3.8 3,8 42,3 3.8
Rise and fall times 26 3.8 23,1 | 42,3 5.4 7.7 3.8 3.8
Industrial control and high power . ’ )
switching circuits 25 8,0 12,0 44,0 4,0 4,0 4,0 16,0 4,0 4,0
Machanical servos’ 24 b2 | W.7 © 16,7 4,2 | 20,8 | 8.3 4,2
Photo emittive devioces 2h 8.3 | 50.0 | 4,2 16,7 12,5 | 4.2 b2 |
Prossure drops in & dystem 23 13,0 | 52,2 17.4 4,3 8,7 4.3
Mero elsctrénib'cdmponants, eircuits .
and packaging : 23 | 4.3 4,3 13.0 47.8 8,7 | 4.3 4.3 8,7 4,3
Characteristics of materisls such as, ’ ) '
hardness, tempsrature charao-
teristics, ete, 23 4.3 8,7 | 13.0 | &3 174 21,7 4,3 | 217 4.3
Spacifications ard characteristics ’
of fastening devices such as
adhesives, bolts, rivets, sorews
and welds 23 13.0 4.3 4.3 [13.0 8,7 |21.7 4,3 2.7 8.7
Piezoelectric devices 22 ) 9.1 | 36,4 13,6 | 4.5 | 13.6 | 18.2 4.5
Fluid measuring devices 22 45,5 | b5 13,6 ] 27.3 4,5 4,5
Gear ratios for meximum powsr
transfer 22 9.1 4,5 31,8 |13.6 9.1 9.1 9.1 13,6
Thermal capacity and thermal . i
resistance 22 4,5 | 54,5 | b5 3L.8 4,5
Antifriction devices and lubricants |21 28.6 ) 4,8 48 | 9.5 | 52,4
Power requirements of meohanical R
. systems 21 | 4,8 4,8. 14,3 | 28,6 {143 19,0 9,5 | 4.8
System losses due to pressure drops 21 4.8 57,1 23,8 9.5 4,8
Fluidio dévicea such as oscillatore,
ssnsors, switches, sta. 21 4.8 38,1 9.5 28,6 4.8 9.5 4,8 -
System response time 21 4,8 4.8 42,9 19,0 4.8 9.5 b8 4.8 4.8
Light intensity 21 14,3 57.1 4.8 9.5 | ' 14,3
Stresa and/or strain caused by 3
statie forces 20 25,0 50,0 10.0 5.0 5,0 5.0

*Tasks ap derived from instrument, prefaced by "do you work with or determine."

64



s
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:Tnnsmission arnd delay lines 20 .20.0 25.0 25,0 5.0 10,0 5.0 10,0
Lens aystens ) 20 © 10,0 50.0 5.0 15.0 5.0 10.0 5.0
Bearing loidings and specifications | 19 10,5 | 15,8 115.8 21.1 15.8 21.1
Vibratory systems or analysis 19 10.5 | 47.4 21.1 15,8 5.3
Trensducers such as miorophones )
and speakers 19 158 | 47.4 | 5.3 15,8 5.3 5.3 5.3
Rotational or trenslational rates 18 . 1.1 | 38.9 |56 | 222 |56 1.1 5.6
Specifications and characteristics .
of fittings, pipes and hoses 18 1,1 11,1 {222 j11.1 5.6 | 5.6 5.6 | 22.2 5.6
Spring constants and/or insrtial : .
values . 17 4,2 5.9 23.5 } 5.9 5.9 1.8 5.9
Component values for tuned cireuits | 17 23.5 | 235 | 5.9 | 11.8 23,5 | 1.8
Optical filters and polarigers 17 4.2 | 5.9 23.5 | 5.9 11.8 11,8
Sound intensities . 16 63 | 31,3 | 43.8 12,5 6.3
Heat sink and rediator. capacities 15 13.3 13.3 | k0,0 | 6.7 13.3 6.7 6.7
Coefficient of friction b 4,3 | 64,3 7.1 7.1 7.1
Fluid capacitance 1 14,3 | 28,6 | 7.1 14,3 14,3 21.4
Laminates plastics and ceramics 14 7.1 7.1 7.1 214 j2L4 7.1 | 1.3 7.1 7.1
Specific heat 13 7.7 46,2 [15.4 7.7 15,4 7.7
Or adjust hydraulic servo systems to
meet performance specifications 13 7.7 30.8 7.7 7.7 15.4 23.1 7.7
Sowd frequencies 13 7.7 30,8 | 38.5 15.4 7.7
‘Maximum power transfer in a system 12 16,7 16,7 50,0 16,7
Fluld servo devices 12 8.3 16,7 16,7 25.0 25.0 8,3
Ultresonic devices 12 33.3 | 8.7 8.3 { 8.3 8.3
Refrigeration and/or airconditioning
systems 12 8.3 16.7 | 8.3 16,7 25,0 25,0
Heat flow rates for temperature ' :
differential pay 54,5 18,2 9.1 9.1 9.1
Heat lossen 11 27.3 | s45 | 9.1 9.1
Stresses ard strains by dynamic
force 1 9.1 18,2 27.3 18.2 18,2 9.1
R t_conditions n 18,2 | 272.3 27.3 27.3
Light frequency 1, 9.1 63.6 27,3
Modulation percentage 1 27.3 27.3 9.1 18,2 9,1 9.1
Dew point or humidity 1 18,2 | 36.4 | 9.1 18.2 9.1 9.1
Fluid charecteristics or
spacifications 9 33.3 11,1 33.3 11,1 1,1
Frequencies above 500 megah 8 25.0 | 25.0 3%.5 12.5
Diffraction gratings 8 12,5 | 62.5 25.0
Thermal chambers 8 75.0 12,5 12.5
Luminescent meterisls 8 11z.5 12.5 25.0 25.0 12,5 2.5
et factors ? 28.6 | 28.6 14,3 14,3 | 143
Theimal aystem sffiolency 7 28.6 | 42.9 28,6
Cryogenic systems Y 42,9 1143 28,6 14,3
Fluid sctuator paremeters 7 57.1 | 14,3 14,3 14,3
Lasor devices 5 4.0 4.0 20,0
Velocity of sound in vaulous media 5 60,0 20,0 20,0 |
Antenna field strength 5 20,0 40,0 20,0 20,0
Sound absorption coefficients 4 50,0 50,0 i
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TABLE XIX

AREA OF ACTIVITY OF TASK PERFORMANCE:
9 TECHNICIANS OTHERS

Percent of Regpondints Indicating Each Area of Activity
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Task* EH -3 & & | 38 3 & & &
Potential differences in circuit 9 11.1 11.1 55.6 11.1 11,1
Current flow by uss of instruments 9 11,1 22,2 55,6 11,1
Thermocouples 8 25,0 12.5 62.5
Precision measuring instrunents ard
precision tolerances . 8 12,5 62,5 25,0
Circuit losses 7 14,3 28,6 57.1
Bias networks 6 50,0 | 33.3 16,7
Rise and fall times 6 16,7 83.3
The gain of an amplifier 6 83.3 |, 18,7
Specifications of eleetronic
conponents [3 16,7 | 16,7 50,0 |16.7
Plegoelsctric devices 5 60.0 40,0
Rate of flow 5 20,0 20,0 60.0
Inductance and/or capacitance 5 20,0 60,0 20,0
& andfor X 5 40,0 60,0
Pulse amd logle oirouits 5 20.0 80.0 | 20.0
Thermal capacity and thermal 5 20,0 60,0 20,0
Integrated cirouits 5 80,0 | 20,0
Fluid regulators, sensors, aswitches .
and valves 5 20,0 60,0 20,0
Component values for tuned circuits 4 25,0 25,0 50,0
Stress and/or strain caused by
statec forces 4 . 25.0 25.0 25,0 25,0
Pressurs drops in & system '3 25,0 25.0 50.0
System power requirements dealing
with pumps, compressors, etc, L 25.0 50,0 25.0
System losses due to pressure drops 4 25,0 75.0
Heat sink and rediator capacities 4 75.0 | 25.0
The sffect of feedback loop compo~
nents in elsctronic oirouits 4 25,0 50,0 | 25,0
Light intensity 4 25,0 50,0 25.0
Micro electronio components, circuits,
and packaging 4 100,0
Thermal control devices '3 25,0 50.0 25,0
Thermal chambers 4 75.0 25.0
Heat flow rates for temperature
differential 3 33.3 66,7
Coefficient of friction 3 33.3 {33.3 33.3
Heat losses 3 1333 33.3 33.3
Power converters and energy storage
coll 3 33.3 33.3 33,3
Transmission and delay lines 3 100,0
Gear trains and linkages 3 33.3 66.7
Mochanical indexing or sequenching
devices 3 33.3 65,7
Jystem response time 3 100,0
Mechanical servos 3 66,7 33.3
Lens systems 3 33.3 33.3 33.3
Optical filters and polariters 3 33.3 33.3 133.3
" Characteristics of materisls such as,)
hardness, temperature charac- . .
teristics, etc, .3 66,7 |33.3
Specifications and chareoteristics
of fittings, pipes ard hoses 3 33,3 66,7
Fluid characteristics or
specifications 3 33.3 33.3 33,3
Dew point or humidity 3 33.3 66,7
Refrigeration and/or airconditioning
systems 3 33.3 33.3 33.3

. *Tasks as derived from instrument, prefaced by "do you work with or determine."
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TABLE XIX (Continued)

3
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Photosensitive devices 3 33.3 33.3 33.3
Rotatiomal or trenslationsl retes 2 100,0
Fluid measuring devioes 2 50,0 50.0
lntitriction devices and lubricants 2 50,0 50,0
Bearing loadings and specifioations 2 100,0
Wich factors 2 50.0 50,0
Specific heat 2 50,0 50.0
Stresses and strains by dymamic
foroe 2 100.0
Fluidio devicas such as oscillators,|
sensors, switches, etc, 2 50,0 50,0
"{‘heml system officlency 2 100,0
Vibratory systema or anilysis 2 50.0 50.0
Resonant corditions 2 100,0
Fluid servo devices 2 100.0
or ad Just hydraulic servo systems to
mset performance specifications 2 50,0 50,0
Spead oontrol mechanisms 2 100,0
Light frequency 2 50.0 50,0
Sound freguencies 2 50,0 50,0
Sourd 1ntensitles 2 50,0 50,0
{Ultrescnic devices 2 100,0
Antenna field strength 2 50,0 50,0
Industrdal control ard high power .
switching circuits 2 50,0 50,0
Cryogsnic systems 2 100,0
Fluid actuator parameters 2 50,0 50,0
Photo emittive devices 2 50,0 50,0
Transducers such as microphones
and speakers 2 50,0 50,0
Powsr requirements of mechanical
" systems 1 100,0
Spring constants and/or inertial
values 1 100,0
Fluid capacitance 1 100.0
Frequencies above 500 megahertz 1 100,C
Gear ratios for raximunm power
- transfar 1 100,0
Power transmission systems such as
belts, chains and drive shafis 1 100.0
Diffrection gratings 1 100,0
Modulation percentage 1 100,0
Specifications and characteristics
of fastening devices such as
adhesives, bolts, rivets, screws
and welds 1 160,0
Luminescent materials 1 100,0
Sound absorption coefficients 0
Maximum power transfer in a system 0
Laser davices 0
Velocity of socund in various media 0
laminates plastics and ceramics 0




PRIMARY ACTIVITIES OF PERFORMING ELECTROMECHANICAL
TASKS BY MAJOR WORK EMPHASIS

TABLE XX

68

Percent of Respondents for Each Area of Activity

Activities R & D Production Maintenance Others
Percent Percent Percent Percent
Instructing 1.4 0.5 O.4 3.5
Modifying 1.3 0.7 2.8 1.6
Analyzing 27.1 5.6 10.3 7.8
Troubleshooting 8.2 23.2 40.3 8.1
Installing 5.9 3.2 3.7 3.1
Testing 24,0 50.1 i?.l 58.1
Constructing 19.6 3.8 2.5 5.0
Calibrating 2.2 6.7 6.1 L.3
Repairing 2.1 2.5 10.2 2.7
Servicing 1.5 1.6 5.1 2.3
Operating 6.5 1.9 1.5 3.5

A few differences occurred in the ranking of the mathematical tasks

by the technicians in the four categories.

The technicians in produc-

tion ranked task decibels higher than the other three groups did while

ranking task graphs lower than the other three groups did.

Production

and others ranked task exponents and radicals ninth while the other two

groups ranked it fifth.

The task complex numbers was ranked higher by

those technicians in the group others than by the other three groups.
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The task binary arithmetic was ranked higher by the technicians in the
maintenance group than the other three groups.

Table V shows the ranking of the selected communication tasks by
the number of respondents indicating a frequency of use. To compare
the rank of the communication tasks by the four categories, a Spearman
rank coefficient of correlation was computed for each possible pairing.
The coefficients are as follows:

R & D vs. Prod .86

R&D vs. Main .81

R &D vs. Other .91

Prod vs. Main .89

Prod vs. Other .93

Main vs. Other .92

In the communication tasks the major difference in rank occurred
for the task prepare graphs and charts. The technicians in research
and design ranked it first, those in others ranked it third, those in
maintenance fifth and those in production sixth. The task prepare
specifications was ranked higher by the technicians in the categories
research and design, and maintenance than by the other two groups. The
task participate in training and teaching activities was ranked lower by
the research and design technicians than by the other three groups.

Table VII shows the ranking of the selected shop tools by the
number of respondents indicating a frequency of use. To compare the
rank of the shop tools by the four categories, a Spearman rank coeffi-
cient of correlation was computed for each possible pairing. These

coefficients are as follows:
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R&D vs. Prod .65

R&D vs. Main <72

R&D vs. Other .67

Prod vs. Main .84

Prod vs. Other .96

Main vs. Other .87

The shop tool lathe was ranked higher by the technicians in
research and design than by the technicians in the other three groups.
While the shop tool abrasive power tool was ranked lower by the tech-
hicians in research and design than by the technicians in the other
three groups. The shop tool arc welder was ranked higher by the tech-
nicians in prodpction and others than by those in the other two groups.

Table VIII shows the ranking of the selected test equipment by the
number of respondents indicating a frequency of use. To compare the
rank of the test equipment by the four categories, a Spearman rank coef-
ficient of correlation was computed for each possible pairing. These
coefficients are as follows:

R&D vs. Prod .87

R & D vs. Main .86

R & D vs. Other .91

Prod vs. Main .87

Prod vs. Other .82

Main vs. Other .84

Ten of the test equipment items had a difference in rank of at
least ten. The largest difference in rank occurred for the item
accelerometers. This item was ranked nineteenth by the technicians in

the group others, twenty-second by research and design, and thirty-sixth
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by the other two groups. Other items showing a difference of ten or
more are thermocouple instruments, torque meter, pressure gauges, strain
gauges, flow meters, force gauges, SWR meter, tension tester, and sound

intensity meter.



CHAPTER V
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

The primary purpose of this study was to conduct an occupational
analysis of electromechanical technician occupations in order to deter-
mine the fréquency of performing selected tasks and the area of activity
in which these tasks are performed. A secondary purpose of this study
was to analyze and organize occupational analysis data in preparation
for writing educational objectives for an electromechanical technician

education program.
Summary

The occupational analysis was developed and conducted in the fol-

lowing manner:

(1) An occupational analysis instrument was developed
through the joint effort éf thirteen graduate students
at Oklahoma State University (see Appendixes A through E
for instrument).

(2) Each of the thirteen graduate students did an occupa-
tional analysis of selected industries (see Selected
Bibliography for these reports).

(3) Fifteen additional industrial establishments were
selected from those reported in the field study (Reney,

1966). The selection was based on geographical
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location and types of industrial establishments neces-
sary to make this study representative of those reported
in the field study.

(k) 1In each industrial establishment, management representa-
tives, supervisors of electromechanical technicians, and
electromechanical technicians were interviewed. The
supervisors and technicians also completed an occupational
analysis questionnaire.

The information presented in this study includes the usable data
from 66 supervisors of electromechanical technicians and 137 electrome-
chanical techpicians from 57 industrial establishments. The management
representatives weré'given a chance toe write comments about any aspects
of the electromechanical technician. These are reported in Appendix G.

The information from the occupational analysis was analyzed in the
following manner:

(1) Ten research questions were developed (see pages 19 and

20).

(2) The data from the supervisors was compared to the data
from the technicians.

(3) The technician's data were divided into four categories
according to years of experience and then fhe data were
compared.

(4) The technician's data were divided into five categories
according to major emphasis of work and then the data

were compared.
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Conclusions

This occupational analysis of the electromechanical technician's
occupation was conducted to determine the frequency of task performance
and the area of activity in which these tasks were performed. The in-
formation was organized and analyzed in preparation for writing educa-
tional objectives. The conclusions in this section were drawn in
regards to the research questions to be answered.

RQ1. Which of the selected technical tasks are most fre-

quently performed by the electromechanical technicians,
as viewed by the technicians and as viewed by the
supervisors?

The electrdmechanical tasks were ranked by frequency of use as
indicated by the supervisors and technicians. The Spearman rank ceeffi-
cient of correlation was .93. The technicians tended to rank the
mechanical and optical tasks higher while the supervisors tended to rank
the fluid and thermal tasks higher.

RQ2. Which of the selected communication tasks are most fre-

quently performed by the electromechanical technician,
as viewed by the technicians and as viewed by the
supervisors?

The communication tasks were ranked by frequency of use as indicated
by the supervisors and technicians. The‘Spearman rank coefficient of
correlation was .98. The largest difference in the ramnk of cemmunica-
tion task was one. The supervisers ranked, prepare evaluation reports,
fifth, and participate in training and teaching activities, sixth, while

the technicians ranked these two tasks sixth and fifth, respectively.
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R.3. Which of the selected mathematical tasks are most
frequently performed by the electromechanical tech-~
nician, as viewed by the technicians and as viewed
by the supervisors?

The mathematical tasks were ranked by frequency of use as indicated
by the supervisors and technicians. The Spearman rank coefficient of
correlation was .96. Only two of the mathematical tasks had a differ-
ence in rank of three. The task (decibels) was ranked higher by the
supervisors than the technicians while the task solution of obligue
triangle was ranked higher by the technicians than the supervisers.

RQQ. Which of the selected shop tools are most frequently

used by the electromechanical technician, as viewed
by the technicians and as viewed by the supervisors?

The shep toels were ranked by frequency of use as indicated by the
supervisors and technicians. The Spearman rank coefficient of cerrela-
tion was .92. The largest difference in rank of any shép tool was twe.
This occurred for the tools gas welder and sheet metal tools. In both

cases, the technicians ranked these higher than the supervisors.

RQS.

Which of the selected test instruments are most fre-
quently used by the electromechanical technicians, as
viewed by the technicians and as viewed by the
supervisors?

The test equipment items were ranked by frequency of use as indi-
cated by the supervisors and technicians. The Spearman rank ceefficient
of correlation was .94. One item, pulse generators, has a difference in
rank of 10. This item was ranked higher by the supervisors than the

technicians. The item pressure gauges had a difference in rank of
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seven. The supervisors ranked this item higher than the technicians.
Several other items had a difference in rank of six.

RQ6. What is the order of selected activities of performing

the selected tasks, as viewed by the technicians and
as viewed by the supervisors?

In Tables I1 and I1I, the percent of responses for each area of
activiﬁy on each electromechanical task is listed. 1In Table IV, the
percent of responses for each area of activity is listed. Testing,
troubleshooting, and analyzing were the activities most often indicated
by both the supervisers and technicians as primafy area of activity.

RQ7. Which of the selected unified concepts are mest fre-

quently used by the electremechanical technician, as
viewed by the technicians and as viewed by the
supervisors?

The selected unified concepts were listed with the ranking by the
supervisors and technicians. The Spearman rank coefficient of cerrela-
tion was .94. The largest difference in the ranking was two. This
occurred for unified concepts time‘constants, amplificatien, and.for
tasks-all concepts.

RQB. Is there a difference in the task performance of electro-

mechanical technicians with an increase in years of

experience?

The data from the 137 electromechanical technicians were divided
into four categories of years of experience. These were O to 2, 3 to 5,
6 to 10, and over 10 years of experience. There were some tasks that

showed an increase or decrease in rank with years of experience,: but

no general trend could be established from the analysis of the data.
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This indicates that either there are few differences in the tasks per-
formed by electromechanical technicians with increasing years of experi-
ence or that the questionnaire was not sensitive enough for this type of
analysis.

Troubleshooting and testing were two major areas of activity for
all four categories. Constrﬁcting increased from 10.2 percent for the
category O to 2 years to 11.3 percent for the next two categories, then
decreased to 8.1 percent in category over 10 years experience. In-
structing shéwed a slight increase with years experience while analyzing
showed a large increase. Calibrating and repairing showed a slight
decrease in percent. Modifying, installing, and servicing showed little
change with years of experience. Operating was higher in categories 3
to 5 and over 10 years of experience than the other two categeries.

RQ9. Is there a difference in the task performance of

electromechanical technicians when viewed from dif-
ferent major emphasis of work, e.g., research and
design, prqduction, maintenance, and others?

The data from the 137 electrpmechanical technicians were divided
into four categories of major emphasis of work. These categories were
research and design, production, maintenance, and others. When compar-
ing the ranking of the electromechanical task in the four categeries,
the Spearman Rank coefficient of correlation was highest for production
versus maintenance and lowest for research and design versus others.

The ranking of the other tasks, tools, and test equipment showed a high
correlation between all groups. Some differences did occur in the pri-
mary activities. The technicians in research and design indicated

analyzing, testing, and construction as their primary activities. The
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technicians in production indicated testing and troubleshooting as pri-
mary activities. The technicians in maintenance indicated troubleshoot-
ing, testing, analyzing, and repairing as their primary activities. The
technicians in the category, others, indicated testing as their primary
area of activity.
RQ10. Can educatienal objeétives be written froem the results

of the selected occupational analysis questionnaire?

In the Review of the Literature, the need for educational objec-
tives and the need for an occupational analysis in order to write these
objectives was documented. The specific process of moving from the
occupational analysis to the objectives could not be found in the
literature.

After conducting this occupational analysis and analyzing the data,
there are several areas that should be considered carefully before
writing educational objectives.

Dur ing the interviews, the management representatives, supervisors,
and technicians indicated the need for the educational system to teach
the tasks performed by the technicians in industry. In most cases, they
agreed that the occupational analysis was one method of identifying
these tasks. It was also pointed out by the supervisors and technicians
that their tasks were often different from time to time so the answers
given on the questiennaire had to be general and could enly be an
estimate.

From an analysis of the ranking of the tasks by the supervisors and
technicians, it is possible to get some indication of the selected tasks
to place emphasis on when writing educational objectives. The coeffi-

cient of correlation of the ranking of the tasks, tools, and test



79

equipment was between .92 and .98.

The information presented in Table IV indicates that the overall
objectives of an electromechanical technology educatien program should
be directed toward testing, troubleshooting, and analyzing. The areas
of activity for each specific task are listed in Tables II and III.

When the technician's data were separated by major emphasis of
work, differences occurred in the ranking of the tasks, tools,; and
test equipment between the four categories. Differences also occurred

in the area of activities of performing these tasks.
Conclusions From Personal Interviews

From the interviews with the supervisors and technicians, it was
concluded that three areas of engineering technology had not been
covered in the questionnaire. These areas were high vacuum, magnetism,
and maghetic fields. These areas were usually suggested by the super-

visors and technicians in research and design.

Recommendations for Writing Educational

Objectives

In writing educational objectives from this occupational analysis,
several factors should be considered. One of the factors is the scope
of the education program. If the program is for training a technician
for a certain type of industry then the data reported in that major
emphasis of work should be used. If the placement of the graduates of
the training program will be in various industries, the combined data
of the supervisors and technicians should be used for writing the educa-

tienal objectives.
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The emphasis on activities in performing tasks will alse depend on
the expected placement of the graduates. The activities most frequently
indicated as primar# were tésting, trouéleshooting, analyzing, and con-
structing. The primary activity also varied with the individual tasks.
Several supervisors and technicians pointed out that in some cases some
of the other activities needed td be performed in order to reach the
primary activity. These factors should be considered when developing
educational objectives from this occupational analysis.

In the related areas of communication and mathematics, there wés a
high correlation between the rankiﬁg of the tasks by the supervisers and
technicians. But again some differences occurred when the data were
separated inte the various groups. In the selected mathematic tasks,
most of the algebra and trigonometry tasks were ranked higher than the
analytic geometry, calculus, differential equation, and Booleon algebra
tasks.

In developing the educational objectives for an electromechanical
technology education pfogram, some of the objectives should pertain to
pertain to the oeperation of shop tools. The shop tools were ranked
various ways depending on the grouping category but from the overall
count at least 40 percent of the supervisors and technicians indicated a
frequency of use for each selected shop tool. The ranking of the
selected test equipment also varied with the various grouping catego-
ries. The test equipment pertaining to the audio and optical fields
were generally ranked lower than the other test equipment. The slide
rule and desk calculator were indicated as items frequently used and ‘
should, therefdre, be included in the electromechanical techneleogy

education program.



(1)

(2)

Recommendations for Further Research

It is recommended that further study be conducted to
determine if there is a difference in task performance,
of the electromechanical technician, with increase in
years of experience.

It is recommended that further study be conducted to
determine the tasks performed by the electromechanical
technicians in the areas of high vacuum, magnetism, and

magnetic fields.

81



SELECTED BIBLIOGRAPHY

A Guide for Cooperative Vocational Education. The College of Educatioen,
University of Minnesota, 1969.

American Association for the Advancement of Science. Technical Educa-
tion: A Growing Challenge in American Higher Education.
Washington: The Association, 1968.

Brinkley, Harold. '"Competencies Needed by Employees in Agricultural-
Supply Businesses, Sales and Service." University of Kentucky.
Kentucky, ERIC No. ED 018 573, 1965.

Bloom, Benjamin S., Max D. Egelhart, Edward J. Furst, Walker H. Hill,
and David R. Krathuohl. Taxonomy of Educational Objectives. The
Classification of Educational Goals. Handbook I: Cognitive
Domain. New York: David McKay Company, Inc., 1956.

Braden, Paul V. Development and Evaluatien of a Teacher Education Pro-
gram in Electromechanical Technology. U. S. Department of Health,
Education, and Welfare, 1971.

Brandon, George L., and Rupert N. Evans. !"Research in Vocational
Education." Vocational Education - Sixty-fourth Yearbook of the
National Society for Study of Education. Chicago: The University
of Chicago Press, 1965,

Dillon, Roy C. '"Comparison of Certain Abilities Needed by Workers in
Licensed Nurseries and Licensed Ornamental Horticulture Businesses.!
(Ed. D. dissertation, Morehead State University), Kentucky, ERIC
No. ED 019 394, 1965.

Dugger, Cecil W. "An Analysis of Cklahoma School-~Industry Practices in
the Placement and Employment of Technician Graduates." (Unpub.
Ed. D. Dissertation, Oklahoma State University, 1968.)

Electronic Technolegy: A Suggested 2-year Post-High Schoel Curriculum.
Washington: U. S. Government Printing Office, 1967.

Emch, Arnold F. '"Long Range Planning for Colleges and Universities."
Proceedings by Associatien of Governing Boards of State Universi-
ties and Allied Institutions. 36th Annual Meeting. Burlington,
Iowa: The Association, 1958.

EMT Program Compendium. New York: Delmar Publishers, 1971.




83

Evans, Rupert N. '"Occupational Data Requirements for Educational
Planning." Occupational Data Requirements for Education Planning.
Georgianna B. March, ed. University of Wisconsin: Center for
Studies in Vecational and Technical Education, 1966.

Henninger, G. Ross. The Technical Institute in America. New York:
McGraw-Hill Book Co., 1959,

Krathwohl, David R., Benjamin S. Bloom, and Bertram B. Masia. Taxonemy
of Educational Objectives, The Classification of Educational Goals.
Handbook II: Affective Domain. New York: David McKay Company,
Inc., 1964,

Long, Gilbert A. "Clusters of Tasks Performed by Washington State Farm
Operators Engaged in Seven Types of Agriculture Production: Grain,
Dairy, Forestry, Livestock, Poultry, Horticulture, and General
Farming.! Final Report No. 27, Washington State University,
Pullman, Washington, ERIC No.-BEB-02%-06%4—1968.

Mager, Robert F. Preparing Instructional Objectives. Palo Alto:
Fearon Publishers, 1962.

Mager, Robert F., and Kenneth M. Beach, Jr. Developing Vocational
Instruction. Palo Alto: Fearon Publishers, 1967.

Meade, Edward J. Jr. '"In Discussion of Rupert N. Evans Paper"
"Occupational Data Requirements for Educatienal Planning."
Occupational Data Requirements for Education Planning.
Georgianna B. March, ed., University of Wiscoensin: Center for
Studies in Vocational and Technical Education, 1966.

Rahmlow, Harold F., and Shirley O. Kiehn. "A Survey and Analysis of
Major Tasks, Knowledges Associated With Work in Child Care Occupa-
tioens.'" Final Report. Washington State University, Pullman,
Washington. ERIC No. Ed 021 066, 1967.

Reynolds, James W. The Comprehensive Junior College Curriculum.
Berkeley, California: McCutchan Publishing Corporation, 1969.

Robertson, Luther P. Jr. "An Evaluation of the Electromechanical
Technoelogy Curriculum at Oklahoma State University.!" (Unpub.
Ed. D. dissertation, Oklahoma State University, 1970.)

Roney, Maurice W. "Electro-Mechanical Technology. A Field Study of
Electro-Mechanical Technician Occupations, Part I." Stillwater,
Oklahoma: Oklahoma State University, 1966.

Roney, Maurice W., and Donald S. Phillips. "Electro-Mechanical Tech~
nology: A Third-Generation Occupational Education Program."
Technician Education Yearbook 1969-1970. Ann Arbor, Michigan:
Prakken Publications, Inc., 1969.




84

i

? Shipley, Anna Francis. '"Analysis of Tasks in Three Home Related
) Occupations." (M. S. Thesis, Iowa State University of Science and
Technology, Ames, Iowa, 1967.) ERIC No. 026 484.

Siegel, Sidney. Nonparametric Statistics for the Behavioral Sciences.
New York: McGraw-Hill Book Company, 1956.

Smith, Leo F., and L. Lipsett. The Technical Institute. New York:
McGraw-Hill Book Co., 1956.

Standard Industrial Classification Manual Prepared for the Office of
Statistical Standards. Executive Office of the President/Bureau of
the Budget.

Suggested Techniques for Determining Course of Study Vocational-Technical
Education Programs. Civil and Highway Technology. U. S. Depart-
ment of Health, Education, and Welfare. U. S. Government Printing
Office, 1962.

Technical Education Research Center. bDevelopment of Career Opportuni-
ties for Biemedical Equipment Technicians. Cambridge, Mass: TERC
Headquarters, 1970.

Tyler, Ralph W. '"Achievement Testing and Curriculum Constructien."
Trends in Student Personnel Work. E. G. Williamson, ed.
Minneapolis, Minn.: University of Minnesota Press, 1949.

. Basic Principles of Curriculum and Instruction.
Chicago: The University of Chicago Press, 1949.

Venn, Grant. Man, Educatioen, and Work. Washington: American Council
on Educatien, 19654,

Weisbrod, Burton A. In discussion of Rupert N. Evans paper '"Occupa-
tional Data Requirements for Educational Planning.'" Occupational
Data Requirements for Education Planning. Georgianna B. March,
ed. University of Wisconsin: ' Center for Studies in Vocational and
Technical Education, 1966.

Thirteen Master's Reports

Allan, Richard L. '"An Occupatioenal Analysis of the Electromechanical
Technician's Field of Selected Industries of Tulsa, Oklahoma."
(Unpub. Master's Report, Oklahoma State University, 1970.)

Allen, Melvin H., "An Occupational Study of Electromechanical Techni-
cians for Development of Training Programs.'" (Unpub. Master's
Report, Oklahoma State University, 1970.)

- Bingham, Robert. "An Occupational Analysis of Electromechanical Tech-
nicians' Field in Selected Industries in St. Louis, Missouri."
(Unpub. Master's Report, Oklahoma State University, 1970.)



85

Bradley, Jesse T. "An Occupational Analysis of the Electromechanical
Technician Occupation." (Unpub. Master's Report, Oklahoma State
University, 1970.)

Brown, Gary E. '"An Occupational Analysis of the Electromechanical
Technicians Field of Selected Industries of Southern Oklahoma."
(Unpub. Master's Report, Oklahoma State University, 1970.)

Byrd, Roy D. '"An Occupatienal Analysis of the Electromechanical Tech-
nician from Selected Industries." (Unpub. Master's Report,
Oklahoma State University, 1970.)

Devraux, Jimmy D. '"A Procedure for the Purpose of Establishing the
Criteria Necessary to Inititate an Educational Program in Electro-
mechanical Technology." (Unpub. Master's Report, Oklahema State
University, 1970.)

Hoogendoorn, Klaas. "An Occupational Analysis of the Electromechanical
Technician Occupation in Central (Oklahoma Area Vocational-Technical
School District." (Unpub. Master's Report, Oklahema State
University, 1970.)

Jones, Wayne C. "An Occupational Analysis of the Electromechanical
Technician Occupation in the Nerth-Central States.'" (Unpub.
Master's Report, Oklahoma State University, 1970.)

Schulz, Terry E. "An Occupational Analysis of the Electromechanical
Technician's Field in Selected Industries of Oregon and
Washington" (Unpub. Master's Report, Oklahoma State University,
1970.)

Skouby, Eric W. "Ah Occupational Analysis of the Electromechanical
Technician's Field in Selected Industries. (Unpub. Master's Report,
Oklahoma State University, 1970.)

Smith, Winton L. "An Occupational Analysis of the Electromechanical
Technician Occupatien in Selected Industries in CGklahema City."
(Unpub. Master's Report, Oklahoma State University, 1970.)

Watts, Ted G. '"Identification of the Tasks Performed by Electremechan-
ical Technicians,"  (Unpub. Master's Report, Oklahema State
University, 1970.)



APPENDIX A

LETTER OF INTRODUCTION

a6



3

To be returned to interviewer or Dr. Paul V. Braden, 406 Classroom Bidg.
Oklahoma State University, Stillwater, Oklahoma 74074.

OKLAHOMA STATE UNIVERSITY * STILLWATER

74074

School of Occupational and Adult Education and
Department of Technical Education

406 Classroom Building

372-6211 - Ext. 6287

T0: Employers of Technicians who work with both Electrical and Mechanical
Devices (Electromechanical Techniclans)

FROM: " Dr. Paul V. Braden, Director, Electro-Mechanical Fellowship Project,
Oklahoma State University, .
and

Mr. Howard R. Shelton and L. Paul Roberfson. Sahdia Laboratories,
Representing the National Advisory Committee for Electromechanical
Technology

SUBJECT: Identification of the Tasks performed by Electromechanical Technicians.

The . 2me of your company has been identified as one that employs persons
who mizhi be classified as electromechanical technicians. As the name implies,
this is a person working with electrical, mechanical, and electromechanical

"devices such as servomechanisms, motor controls, gear trains, and/or automated
" equipment. Electromechanical techniclans also may work in other fields such
as hydraulics, pneumatics, or thermodynamics.

In conjunction with the National Advisory Committee on Electromechanical
Technology, we are conducting an occupational analysis to aid in better defining
the job of an electromechanical technician. This representative from OSU
would like to visit selected supervisor(s) and electromechanical technicians
for the above purpose. :

The information from this study will be used to help initiate a new type
of technical training program at junior colleges, technical institutes, area
vocational-technical schcols and other relevant institutions. The outcome
should be a supply of technicians who are better trained to work in cross-
disciplinary fields thus helping you find more qualified employees.

A report showing the results of approximatelyﬂ70 visitations to establish-
ments across the nation will be made available to you as well as the findings
trom your specific organization.

Interview #

e ettt e

Interviewer

To be returried to interviewer or Dr. Paul V. Braden, 406 Classroom Bldgz.,
Oklahoma State University.
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TO BE COMPLETED IN INTERVIEW WITH
MANAGEMENT REPRESENTATIVE

The following information is needed to assist in further planning
for electromechanical technician training programs in the United States.
In general, the kind of programs under consideration are offered at the
post-high school level, two years in length with conceptual and prac-
tical exposure in the electrical, mechanical, fluid, and thermodynamic
fields. '

Name of Management Representative

Title

Name of Establishment

If this establishment is a part of a larger organization please specify
but report only for this establishment.

Street and Number : City

Telephone Number and Extension of Representative

Responses to these questions refer only to this establishment -
Responses will not be identified by individuals or establishments with-
out gpecific permission in any published materials or reports.

What is the approximate number of personnel
that are presently employed in this Number of Employees
establishment?

What is the major activity of your establishment (or division):

Manufacturing _____ Trade (wholesale or retail)
Construction ______ Finance-Insurance-Real Estate
Mining ______ Service

Public Utilitdies Government

Other (please specify)




90

\

Are there any comments you would care to make concerning the
recruitment, in-service training, promotion, etc., of electromechanical
technicians, in your establishment. :

Who is the direct supervisor(s) of your electromechanical techni-
cians?

Name Department Time
Name v Department ' Time
Name Department Time
Name Department Time

‘What time would you arrange an appointment with the supervisor(s)?

THANK YOU!!
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TO BE COMPLETED BY SUPERVISOR OF
ELECTROMECHANICAL TECHNICIAN

Name

Title

Department

Telephone Number and Extension

Years of Experience: As Supervisor

As Technician

As Electromechanical Techanician
How many téchnicians do you have

that work with both electrical and Number of Technicians
mechanical devices?

Could we look at some of your job descriptions?

Which of the following represents the primary activity of these electro-
mechanical technicians?

Research and Design

How Many
:: Sales »

How Many -
:: Production

How Many
::: Maintenance

How Many "’
___ Other

(Please Specify)

Are there any comments you would like to make about electromechanical
technicians in the areas of recruitment, in-service training, promotion,
etc.?
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TO BE COMPLETED BY SUPERVISOK (:f EM TECHNICIAN(S). PLEASE
COMPLETE THIS FORM IN TERMS OF WHAT YOU EXPECT THE EM
TECHNICIAN TO BE ABLE TO DO UPON ENTRY.

NAME OF SUPERVISOR

Frequency Check the Primary ActiVit& Within
DO YOU WORK WITH OR DETERMINE - - Of Use Which You Perform This Task
ab
o e
~ i
2 9 21 w
o. ¥ 6| w -l g
-~ I | ]| W] o] & & oed ) BB Ol | G
o ISR EIG |58 2] L El5E 8|8
>l ] 8 e sl Il n|le=mligiel G|l atuwiola
AL IR IR BIENEIEINAR AR - R A R
TASKS INVOLVING ELECTRICAL- 'G 8 g : y 2 g 2 8 2 g g a1 8 4 5
ELECTRONIC. PRINCIPLES S12181812 R I - O O T I O 0 B -

Potential differences in circuit [1]

1.
2. Current flow by use of instruments[2]
3. Circuilt losses : [3]
4, Inductance and/or capacitance [4]
5",XC and/or X, [4]
6. Transmission and délay\lines [5]
7. Rise and fall times [6]
8. Component values for tuned circuits{7]
9. The gain of an amplifier [8] .
10. The effect of feedback loop compo-
nents in electronic circuits [9}
11. Antenna field strength [11]
12. Modulation percentage
13. Integrated circuits
14. Pulse and logic circuits ' [5}
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If found please return to Interviewer or Dr. Paul V. Braden, 406 Classroom
Building, Oklahoma Stats University, Stillwater, Oklahoma, 74074.

TO BE COMPLETED BY THE
ELECTROMECHANICAL TECHNICIAN .

Name

Name of Establishment

Education: (Circle last year completed)
(a) 7 8 9 10 11 12
College or Post-High School
1 2 3 &4

(b) Type of School

‘ (Please Specify)
(c) Major Field of Study

(Please Specify)

Years of- Experience:

As Technician
Years

As Electromechanical Technician

Years

Which of the following represents your primary activity:
[:] Research and Design [:] Production

[:] Sales [:] Maintenance

[:] Other

(Please Specify)

Percent of time spent in following fields (total should add to 100 percent).

Electrical/ Electronics } 0 70 36 40 20 €0 Jo 80 90 100
Mechanical o434 25 do 7o @ b ob
Fluids (hyd/Pneum) L R T VR RN DR R
Thermal I fo 70 3b 40 50 60 7o @ 90 100

Optical or Acoustical 0 20 3b 40 S0 €0 70 9 10



Percent of time spent in following activities (total should add to 100 pevrccn-

} i 4

Q-

1 i i i }
Analyzing 10 20 30 40 50 60

80 90 100
Instructing 16 76 30 46 56 66 70 80 90 100
Modifying 10 26 36 46 56 6o 76 86 90 100
Troubleshooting 10 75 35 5 50 60 70 80 90 100
Installing 1o 25 36 a6 3666 7o 86 90 100
Testing | o #% 35Ebsb €6 35 8¢ 90 100
Constructing 1636 36 b 56 66 70 80 90 100
Calibrating {63636 2b 56 60 70 80 90 1do
Repairing ' 16036 36 b SHh b F0 80 90 100
Servicing To 3636 &b 56 b 70 80 90 100
Operating 1o 26 36 %b 56 o0 F0 80 96 1ob

Areas in which you feel a need for additional education. Please rank the
following 1 (one) through N (any appropriate number) with 1 (one)
representing the most critical area of need.

Electrical/Electronics
Mechanical

Fluids (hyd/Pneum)
Optics

Acoustics
Communications

Other

(Please Specify)
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TO BE COMPLETED BY THE EM TEC “VCIAN, PLEASE NAME OF TECHNICIAN
COMPLETE THIS FORM IN TERMS OF WHAT YOU ’ .

ACTUALLY DO.
Frequency Check the Primary Activity Within
DO YOU WORK WITH OR DETERMINE - - _of Use Which You Perform This Task
o
w =)
v Z .
? 50 o g | o
o ] o | b Ll B
- ot o~ | ] ) & | & W& H ] B0 b0 0D
SR BARAEAR AR R AR AR
TASKS INVOLVING ELECTRICAL- N i 2 g 2. 21 & : alat s & = z © :
ELECTRONIC PRINCIPLES Al S| a4 slalx{s1318|ela|s8|ss
AEIEEIEH HEEIFEEHMEEH IR
Al 2| w|= SlE2lE 181 ElE&18([8l&181&

1. Potential differences in circuit [1]

2. Current flow by use of instruments [2]

3. Circuit losses [3]
4, Inductance and/or capacitance [4]

' 4
5. Xc and/or X [4]
6. Transmission and delay lines [5]
7. Rise and fall times ' [6]

8. Component values for tuned circuits [7]

9. The gain of an amplifier ° [8]

10. The effect of feedback loop compo-
nents in electronic circuits (9]

11. Antenna field strength [11]

12. Modulation percentage ~

13. Integrated circuits

14. Pulse and logic circuits [5]
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Check the Primary Activity Within

o - Frequency 2
DO YOU WORK WITH OR DETERMINE - - of Use Which ¥You Perform Thig Task
an
@ =]
~ =
Q I 80
o o0 o e | oo
Q 2] o | o0 - |
Rs ~ b0 a0 | o =] + ol o | oo g
~ vl Eleg| @] A o |l w| g g 4
- =9 o +d i U — &0 2 @ -~ - -l
~niH B & al s Nl Al "] & ] o] w
TASKS INVOLVING ELECTRICAL- Sl 8131 S|lH3|2[8|38|8|ala|"|3| S
ELECTRONIC PRINCIPLES (CONTINUED) 2131 8Bl318%8 1Bl 212121081 6Blm] & E g
) a = = v = - = 5 = - B Q & ~ w0 8’
15. Specifications of electronic
components
16. Bias networks [3]
17. Power converters and energy storage
cell _ [4]
18. Industrial control and high power
switching circuits
19. Frequencies above 500 megahertz [5]
20. Micro electronic components, circuits,
and packaging
21. Pilezoelectric devices [1]
22. Other
23. Other
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Check the Primary Activity Within

- ) Frequency
DO YOU WORK OR DETERMINE - - of Use Which You Berferm ?his‘!ask
v &
r~ -
S % o gl w
3] o o & - g
- Al el ol &l & ol Al | W oo
- o = o ] - 3] I o e i.a
~l 2l el e SRR S|P B8]l %]3
TASKS INVOLVING MECHANICAL = 3 5 g < S el .g 3 - 2 ﬁ o ,; ©
PRINCIPLES AHEEIE BB I T
- Al Rl wnl] = ‘= | = 5 HirlEHlOlOi-M]wn!l o
1. Stress and/or strain caused by
static forces [1]
2. Rotational or translational rates [2]
3. Coefficient of friction [3]
4. Spring constants and/or inertial
values [4]
5. Gear ratios for maximum power
transfer [51
6. Mechanical indexing or sequenching
devices [6]
7. Vibratory systems or analysis [7]
8. Mechanical servos [8]
9. Speed control mechanisms [9]
10. Gear trains and linkages [5]
11. Precision measuring instruments and
precision tolerances
12. Characteristics of materials such as,

hardness, temperature charac-

teristics, etc.

010) 7



Check the Primary Activity Within

Ry e R SR _Freq uen_(;y
DO YOU WORK OR DETERMINE - - of Use Which You Perform This Task
b0
1] =
— sl
L + =y
3 ='e Q = o
i (&) (=] o ar b =}
— ol oo &L €~ e | i) o =1y} o0 bo
—_ pe =] o n - 3} Fe] (= = =
-~ =B o o e [+1] — [ = | o ol oy ol
. SEAEE RS BARANSE-AR-ARAR-E R AR
gA?KS ;NVOL?ING ?ECHA?ICAL = ST » S|l g o o @ | S‘ ﬁ -
RINCIPLES (CONTINUED w b O
al=2|2|al2 SR €88 & 84 S|lae|a|&

i
|
[

13. Laminates plastics and ceramics

14. Stresses and strains by dynamic
force [5]

15. Power transmission systems such as
belts, chains and drive shafts [5]

16. Antifriction devices and lubricants[3

17. Bearing loadings and specifications(3

18, Power requirements of mechanical

systems [3]

19. Specifications and characteristics
of fastening devices such as
adhesives, bolts, rivets, screws

and welds
20. Other
21. Other
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" Check the Primary Activity Within

Frequéhcy
DO YOU WORK OR DETERMINE - - of Use Which You Perform This Task
v ol
- H
® % 5 £ &
5} g <} ot - =
i Bl =11] [-'# L = U T & &L Bl
~ - = = w e L = = =
= (=% 4] o~ w o —~ bl =) (1] el Eal =
TASKS INVOLVING FLUID i 12| K| & 2l &t E8121318 |8l els
PRINCIPLES Slel el 2| e Bl il sl et el el el el %
al2| 2|82 S|2|E|&E]S5|&|8|S|&2]|a| &
; - Lk ] i I 4
1. Pressure drops in a system [1)
‘_.‘_-.I—————-'-—
2. Rate of flow [2]]
_r.._._| SIEYS ¥ ! RPN ik ai
3. System losses due to pressure drops[3
4. Fluid capacitance (fluid reservoirs ,

pressurization required to
accelerate a fluid in a pipe or I
passage) of a fluid system [4]]

[
5. Maximum power transfer in a system[5]
1

+

6. GSystem response time [6]
7. Fluidic devices such as oscillators,

sensors, switches, etc. [5]
8. Fluid servo devices [8]

9. Or adjust hydraulic servo systems to
meet performance specifications[8]

10. System power requirements dealing
_with pumps, compressors, etc. [2]}

11. Cryogenic systems

cOT



Check the Primary Activity Within

Frequency
DO YOU WORK OR DETERMINE - - of Use Which You Perform This Task
i
ag i
@ S
= o e
. 00 5 £ 1 e
- B wi S E SR RV R
= S| & glE] - sl el el el e
: > e 3 = T [ ) I T e R O O T o
TASKS INVOLVING FLUID Wi atg -5 1.2 El el 2talatSt8liarialal®
PRINCIPLES (CONTINUED) g1 2121381 & eligi ety Sttt %L gl 5
c | o]l 8| el o slg|lslElsEl81S8SI81&8]8 o,
Al E|lw|= - | = Hl=]|lB |1 0o| | w|o
. ; B ol Uit S T
12. Fluid actuator parameters :
M, - ] S . 4
13. Fluid regulators, sensors, switches ‘ ,
and valves B P B
14. Spacifications and characteristics
of fittings, pipes and hoses 1 i § —
15. Fluid measuring devices [2]
16. Fluid characteristics or
specifications _
17. Other P
18. Other 3

€Ot



- o [ “Frequency Check the Primary Activity Within
DO YOU WORK OR DETERMINE ~ - of Use Which You Perform This Task

00
o =]
~ -
! p) - '
@ a0 o £ [ b
0 =) ol & R
ot e oe [ R = - ot 5y -8 <Y
~ Iu} c = 7] o4 3] ~ =] =] =)
TASKS INVOLVING THERMAL »13iel & R IO < T o - 6 O O B B+ O+
vv & B bl > : =] s} <¢ | ~ w '2'\ o S ot e} £ ol ot 8
PRINCIPLES SlelelSlo el 9l8inlwl g3l &lE] %
sl olol ol o ciolegl vfalolo]lal o vl a
= = = n =4 —~ = < = — = &} |&] 5] wn =}
1. Thermocoﬁples [1]
2. Thermal capacity and thermal
resistance (6]
3. 'Thermal control devices
4, Heat flow rates for temperature
differential [2]
5. Heat sink and radiator capacities(3]
6. Specific heat ‘ [4]
7. Thermal system efficiency [5]
8. Thermal chambers
9. Heat losses [3]
10. Yk" factors [3]
11. Dew point or humidity
12. Refrigeration and/or airconditioning
. Systems PR
13. Other
14, Other
[N —_—
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e ' Frequency Check the Primary Activity Within
DO YOU WORK OR DETERMINE - - of Use Which You Perform This Task -
| : T
| v c E
[ ! ,T:: et [T ;
| | = o0 o = [-'¢ 1
| i 3] e S o0 - = l i
i | i A R-AE R o | v o] ooy oo
] i — o =] w - v + = = ‘ E
» : \ [ 2 £ & ‘5 ; S g : %l: a E o1 Hu )
TASKS INVOLVING ACOUSTICAL L i StiE] 8182 Elal B2 ielalslaid]|sie]
PRINCIPLES | o EIEIEIM F Blelclala|g|2lalt]g]
|31 2i2|a)|2 S|2l1f 8|58 |o|Sle|wid
e —— R i 1 e S L e o - —_— e -
1. Sound frequencies [10] | ; | |
e S e 5 N NI 3 i i |
! ! ] iy, ! !
2. Sound intensities [10] i i 1 I
— - I . i ..__{.. i T 1'
3. Transducers such as microphones ! ’ t |
and speakers ! I ), - |
4. Sound absorption coefficients  [3] 5 | oo
5. Resonant conditions (7] [ | J | E
S L
6. Ultrasonic devices [10] I :
— | i |
| |
7. Velocity of sound in various media[lﬁﬂ ! |
8. Other !
9. Other i

Sot



- A Frequency " Check the Primary Activity Within
DO YOU WORK CR DETERMINE - - of use Which You Perform This Task
| { i — o !
| i el P )
i i o a0 ! o i c o0
| | 4] (=] e 5L et o
i o - ac [ e [ I L e - ol o0 50
| | .1 2ol S|SisiZ2iiS|R|E|S| S
TASKS INVOLVING OPTICAL | l2i2iel & 2l & NIzl Eis|ElEl8]3
| & &5 ) ' = o ) w =
PRINCIPLES Rl BT =T - AEIFIF I IR I I IRAR
i e 8|lole cl eleirsx|lel ol o ] g | 9| o
| &y | = = w0 2 — — < ! = — B~ D & (4 177} é?
= e D e e e e T el _.4.. ———t - T, I AR ____‘I.___[.-_.__r..__.\]l._._ a7 __.r-_
1. Light intensity [1071 E l | ; l i }
e e i _ e L PR S B S e s i s
2. Lens systems [10] ] % '
L e s e "'""‘_‘?:" .1:.. = I IESIEN R et il A
3. Diffraction gratings [10]] |
4. Light frequency [10] E
5. Optical filters and polarizers [10]
6. Laser devices [10]
7. Photosensitive devices
8. Photo emittive devices
9. Luminescent materials
e B S
10. Other
11. Other i
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Frequency Check the Primary Activity Within
DO YOU WORK OR DETERMINE - - of Use Which Yo Perform This Task
Q 80
- A
o o or
@ o0 o €| e
o =] o 0 i [ =}
- - |l w| | g oA e | e b0
SEREY IKCEIR IR I IR AR
TASKS INVOLVING NUCLEAR a2l el & 2leldl2|l3i5iEisin]8ls
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1. Radiation measuring devices

2. Radioactive elements or isotopes ;

3. Fusionable or fissionable material |
4, Other

5. Other =

TASKS INVOLVING CHEMISTRY

PRINCIPLES

1. Ph factors

2. Separation of compounds

3. Chemical compounds or solutions

4, Chemical etching, plating or

anodizing

5. Other !
]

6. Other i

LOT
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COMMUNICATIONS

Frequency
of Activity

) 1 >
DO YOU ~ - o B EI . g N
— A ] o o
o (] =] — >
fas] ] O o 9]
[ = = %] =z

1, . Prepare graphs and charts

2, Prepare evaluation reports

3. Fill in evaluation sheets

4. Prepare specifications

5. Participate in engineering management and
customer planning sessions

6. Participate in engineering management and
customer evaluation sessions

7. Read specifications

8. Read engineering drawings and/or schematics

9. Present findings orally

10, Parficipate in training and teaching
activities (formal and informal)

11. Computer programming

'12. Other

13. Other




MATHEMATICS

109.

- Frequency

. Level of

{ Proficiency

DO YOU USE

Daily
‘Weekly A

" of Use

Monthly

Seldomv
Never -

B R S ST SN
R . LI T -

Do not need

.

- familiar

Need-general under-.
standing,’

]with terms, but not
necessarily competent|

Need working
 knowledge

£y

1. Basic Arithmetic

T

2.

:Algebra.

A’

liﬁear-equacion with one

~unknown . ‘

oL,

g
Sl ST

“:.‘nz :

B.

e

linear -equation with two &4
or more unknowns i
C.'mDeferminants- i
D. 'Expdnents & radicals ®
E. Quadratic equations

F. Complex numbers(J~operator):

G, L&garithms‘ ¥

o H; Craphs s
I . Vectors . ' i
J. Decibels '

3. Trigonometry

A. Solution of right
triangles =~ \
B. Solution of oblique

triangles

4. Analytic Geometry
5. Calculus'
A. Differentiation
B. Integration J‘
C. Basic differential equa.
D. Booleon Algebra
"E.  Binary Arithmetic
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SHOP TOOLS

§ Frequency
‘ of Use

. U
~
DO YOU OPERATE - - 4
&)
o~
—t
> a
b o E a
o] s | «

-~ -~ - <
o~ )] = — hod
© ] 0 q o
Alzxl=E|vnl=

1l. Drill Press

2. Lathe

3. Milling machine

4, Gas welder

5. Arc welder

6. Sheet metal tools

7. - Power saws

8. Abrasive power tools

)

9. Other

10. Other
L
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INSTRUMENT LIST

Frequency Frequency
of Use of Use
~ ~

v
2 I 2 3
2 > E g > ]
(¥ ~ [9)
Z | Electrical el Zl el S = | Fluid ol =R -
@ Hlx[ Yl o — ) . Hlxl Wl o —
: AFIEIEREE & AT
8 a = = 0 &< L] =] 3 = w |z <

.01l] Pressure Gages
3.02] Flow Meters
3.03]{ Viscosity

1.01] VOM-VTVM-TWM
1.02! Oscilloscope

1.03] Impedance

__Bridge Meters
1.04] SWR Meter 3.04] Hydrometers
1.05{ Pulse Gen. Other
1.06] Signal Gen. Thermal

1.07f Curve Tracer

4.01} Thermocouple
‘instruments

1.08, Regulated pow-
er supplies

1.09{ Freq. Meter
1.10{ Plotters and

E#gggders

Other

4,02} Thermometer

4.03] Pyrometers

Other

Mechanical Optical

2.01! Torque Meter 5.01f{ Spectrometer

2.02} Tachometer Light meter

2.03} Strobelight

Other

2.04‘ Micrometér

2.05] Vernier .
Caliper -

Noise Gen.

2,06 Sfrain gages

2.07| Hardness Testern] 6.02] Wave Analyzer
2,08 Compression 6.03] Sound intensity
. Tester . meter

2.09f Tension Tester 6.04] Spectrum

—_ Analyzer

2.10{ Force Gages 6.05| Desgk €Calculater

2.11} Accelerometers 6.06] Slide rule
2.12] Other 16.07] Other
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Establishment

Stanford Research Institute
Royco Instrument Inc.

EMP Electronics Inc.

Ball Brothers Res. Corp.

The Quaker Oats Co.
Anderson, Clayton and Co.
Eastman.Kodak Co.

Xerox Corporation

Packard Instrument Co. Inc.
US Naval Ordnance Laboratory
Motorela Inc.

Timken Roller Bearing Co.
Atlantic Richfield Co.
Tele-Dynamics Div.

Honeywell Inc.

Monsanto

Sandia Laboratories
Continental 0il Company
Public Service Company of Oklahoma
Telex Computer Products
Nelson Electrical Company
Lockheed Electrical Company
Texas Instruments
International Business Machines
Honeywell Incorporated

General Electric Company
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Location
Menlo Park, Califernia
Menle Park, California
Phoenix, Arizena
Boulder, Colorado
Sherman, Texas
Sherman, Texas
Rochester, New York
Rochester, New York
Downer Grove, Illinois
White Oak, Maryland
Schiller Park, Illineis
Canton, Ohio
Philadelphia, Pa.
Ft. Washington, Pa.
Green Wood Acre, Maryland
St. Louis, Misseouri
Albuquerque, New Mexico
Ponca City, Oklahoma
Tulsa, Oklahoma
Tulsa, Oklahema
Tulsa, Oklahoma
Houston, Texas
Stafford, Texas
Houston, Texas
St. Petersburg, Florida

St. Petersburg, Florida



Establishment

Sperry Rand Company

Congoleum Industries Inc.

Getty 0il Company

Bell & Howell (CEC)

U. S. Borax & Chemical Corporation

California State Dept. of Water
Resources

Standard 0il Company of California
Argonne National Laboratories
General Mills, Inc.

Bell Telephone Laboratories
International Harvester

North American Rockwell, Tulsa lLab.
McDonald-Douglas Aircraft Company
Century Electronics and Instruments,
Dorsett Electronics

Dalten Precisions Inc.
Barlett-Collins Company

Midland Coop., Inc.

U. S. Tufted Carpets, Inc.
Electronic System Eng. Company
Radio Specialty Mfg. Cempany
Bonnville Power Administration
United Medical Laboratories
Standard Controls Inc.

Southtown Electric Contractor

Inc.

Location
St. Petersburg, Florida
Wilburton, Oklahoma
Bakersfield, Califernia
Pasadena, California

Boron, California

Bakersfield, California
Taft, California
Argonne, Illinois

West Chicago, Illinois

Naperville, Illineis

F. Wayne, Indiana

Tulsa, Oklahema
Tulsa, Oklahoma
Tulsa, Oklahoma
Tulsa, Oklahoma

Cushing, Oklahoma
Sapulpa, Oklahoma
Cushing, Oklahoma
Bristow, Oklahoma
Cushing, Oklahoma
Portland, Oregon
Vancouver, Washington
Portland, Oregon

Seattle, Washington

St. Louis, Missouri
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Southwestern Bell Telephone
McDonnell-Douglas

McHenry Metal Proeducts Co., Inc.
Bell Refinery

Slaughter Company
Stromberg-Carlston

Whites Machines & Supply Company
Aero Space Controls

Beech Aircraft Corp.

Recognitien Eqﬁipment Inc.

Texas Instruments

St. Louis, Missouri

St. Louis, Missouri

St. Leuis, Missouri

Ardmore,
Ardmore,
Ardmore,
Cashion,
Wichita,

Wichita,

Cklahoma

Oklahoma

Oklahoma

OCklahoma

Kansas

Kansas

Dallas, Texas

Dallas, Texas
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These selected comments were made by management representatives

about recruitment and training of electromechanical technicians.

From

From

From

a large oil establishment:

Most of the electromechanical work is dane in the field
by electricians, who have come up thru the ranks with the
service training. Nearly all of them have had no education
beyond high scheel and essentially no fermal training in their
work. When they encounter unfamiliar or unusual problems they
can tall on either of the technicians (questioennaire attached)
or engineers for specialized assistance. Because of the large
area extent of our operations line it is not practical to have
a specialized technician in each area.

As our operations became more sophisticated in design, we
expect to have mere in service training of some kind te improve
their performance in installing, operating, and maintaining
such equipment. '

Our primary use of technicians at present is as engineering
assistants and draftsmen in a design function rather than as
maintenance use. They would also be available for assistance
for troubleshooting equipment after it is placed in eperatien.

In our operations we would prefer that the educatien of
technicians would be slanted toward the use and application of
electromechanical devices rather than design of specific items
of equipment.

production establishments:

Since most production equipment in large manufacturing
units are rapidly automating with computer control a good
background in computer logic, computer theory, and programming

will be a big help in addition to the mechanical work.

Recruitment is from electric-electronic or instrument back-
ground with in service training in the department.

Presently recruit by promotion from field ranks.
manufacturing establishments:

From a labor relation standpeint, this subject is very
touchy.

Need industry-education coop. programs and summer work
proegrams.

1. Military training seems pretty good.
2. More in upper portion of classes go on to become
engineers.



3. Pound the fundamentals of physics heme.
From research and development establishments:

We have all varieties of training and background -- sort
of catch as catch can.

We select technicians from the top ten percent of ECPD
approved programs and then train them in electromechanical.

Should have a good and complete background in math.

Should have capability of understanding and working with
times - stepping switches - sample servos - meters - etc -

From small establishments:
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We feel there is a great need for such training. We certainly

could use these people in our work.
We feel there is a need for such a person.

Our cempany would be very responsive towards a training
program of this type. We would be interested in hiring this
type of personnel if we had the opening.

We do net currently have a classificatien of EM tech. Our
more experienced tech's get the EM experience more or less
because they're interested.
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ELECTROMECHANICAL TASKS

SHOP

TEST

Electromechanical Relays
Bridge Circuits

Solid State Lamps

Motors and Solenoids
Error Detection Devices

Servo Amplifiers

TOOLS
Hand Tools
Shear

Brake

EQUIPMENT
Digital CNTR
Digital VM
Computers

Vibtometer
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Digital Circuits
Capillary Systems
Optical Density
X-Ray Testing

Chemical Gases

Spot Welder
Hydraulic Test Stand

Environmental Chambers

Distortion Meters
Partial Pressure Analyzer
Laser

Collimator
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ELECTROMECHANICAL'TECHNDLOGY"
A Field Study of Electromechanical
Technician Occupations
Part I

Summary and Conclusiens

The field study for electromechanical technician occupatioen was
conducted in two stages. In the first phase of the study, personal
interviews were conducted in 26 industrial organizations selected by
size and by principal activity and distributed geographically throughout
the United States.

Twenty-two of the 26 organizations included in this phase of the
study indicated an expanding need for technicians capable of werking
with electromechanical systems and devices. At the time the study was
conducted, these 22 firms employed electronics technicians or mechanical
technicians and provided on-the-job training in electrenics or mechanics
correspondent to individual needs. All of the 22 saw a pressing need
for pre-~empleyment training of technical personnel for these occupations.
The kind of pre-employment training desired was described as follows:

1. The training should put emphasis on electrical and mechanical
principles rather than on specific applications of these
principles.

2. Communication skills are extremely important in the work
of electromechanical technicians and should be given

special attention in the training program.
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3. A study of the interrelationship of electrical and mechan-
ical elements of systems and devices should be central in
the specialized technical courses of the instructienal
program. Whenever possible, electrical and mechanical
principles should be studied together, and not as separate
entities.

L, Principles of electrical and mechanical physics are basic

tools in the work of electromechanical technicians and

all technical instruction should develop analytical skills
for wﬁich these tools are fundamental. 1In additien, there
is an increasing need for the technician to work with new

applications of other physical sciences such as: optical

equipment, thermal energy devices, hydraulic and pneumatic
contrels, and a wide variety of measuring instruments.

The second phase of the study utilized a very brief questionnaire
designed to obtain a breoad sample of the quantitative need for electro-
mechanical technicians. Ninety—thrée industrial organizations respended
to the request for information. Their total need for trained electro-
mechanical technicians (new hires) was estimated to be 20, 329 by 1970,
a number 25% greater during this period than their combined hires of
electronic technicians and mechanical technicians.

The use of a personal interview technique in this study made it
mandatory to select an individual with special qualifications. The
principal consultant on this project was especially well-qualified,
having had recent experience in engineering and technical institute
teaching, curriculum design in twe-year technology programs, and field

work in a national study ef instrumentation education programs.
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In general, the study succeeded in its major objectives of identi-
fying occupational and educational needs in the new and emerging occupa-
tion of electromechanical technology. The information obtained has been
used to prepare a basic curriculum plan for a two-year, post-high school
program in electromechanical technology. This curriculum plan, with
recommendations for developing instructional materials and laboratory
facilities, will be prepared and submitted as a separate report to the
U. S. Office of Education.

The results of the study indicate a clear and pressing need for
experimentation and innovation in the development’of technical education
for new and emerging occupations. The evidence points to a specific
need for new training programs in electromechanical technology and sug-
gests that similar cembinations of technological skills may;be requifed
in other emerging occupations.

Experimentation and innovation is indicated because of;the need for
an interdisciplinary training approach that apparently does hot now
exist or, if it exists, has not been documented. While the field study
did not include educational institutions and programs, and hence did not
provide conclusive evidence as to the educational process involved,
there was a general feeling that more is needed in the training of
electromechanical specialist than‘a simple combination of existing
courses in electrical technology and mechanical technology.

The procedures used in the field study were somewhat uncenventional,
in that a great deal of the information obtain required subjective value
judgments on the part of the principal consultant. This precedure
appears to be justifiable when no taxonomy exists for the kind of

rigidly structured survey instruments that might normally be used.
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The controls in this case rested with the Panel of Consultants who, in a
sense, served as a jury of experts. As educational programs for this
emerging occupation are developed, more sophisticated analyses will be

required to better identify specific job functioens.

ELECTROMECHANICAL TECHNOLOGY
A Post-High School Technical Curriculum
Part II

Conclusions

1. The increased complexity and the closely interrelated
character of electromechanical systéms makes it
desirable that technicians be equally capable and
proficient in each of the technical areas. Their
educational.program must integrate the two technologies
so that they become mutually supporting elements having
a common objective.

2. It appears feasible to teach electromechanical principles
within the time limits of a two-year program by using a
correlated teaching system in which each subject
reinforces other subjects in the curriculum. Such an
instructional technique will require extensive develep-
ment. The amount of material which should be included
in an electromechanical curriculum cannot be presented
within the desired time interval pf two years if con-
ventioenal methods are used.

3. With the educatiornal backgreund, provided by the proposed

program, the graduate technician should be prepared to
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learn the highly specialized techniques peculiar to a
particular job, and is prepared for continued study and
growth in the electromechanical field.

It is impossible to ekpress this curriculum in conven-
tional terms, using familiar names for courses, when
there is to be integration of subject material.

Suitable text materials and laboratory experiments for
interrelated teaching are not presently available. The
development of these materials will be an important ele-
ment in the development of the instructional proegram.

In order to obtain the desired merging of the electrical-
electronic and mechanical technolégies it will be neces-
sary to develop new 1aboratory approaches which make use

of modern electromechanical systems and devices. These

~ will be used not only in the electromechanical phases of

the program, but also in support of the physics, the
electronic, and the mechanical courses.

Administrative officials in any institution where this
program is to be offered will need to make provisions for
a high degree of staff planning and coordinatien in erder
to maintain the proper relationship of program material.
Each faculty member in an interrelated program will have
to be reasonably competent, in more than one discipline,
and must display a willingness to cross over into related
disciplines for purposes of integration.

The success of the proposed electromechanical program will

depend to a large measure on a centinuous developmental
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program involving teacher training, preparation of
instructional materials, and the development of
laborétory facilities.

An active advisory committee is most important in
developing and evaluating a curriculum in this emerging
field of employment.

While the remarks about the study have been directly
concerned‘with the electromechanical technology, they
should not be viewed in such a restricted sense. The
principles seem to be applicable to some extent te all

technologies, in fact, it would appear that the prin-

ciples can be applied at all levels of education.

Recommendations

The conclusions reached in this study of the emerging occupations

in electromechanical technology suppoert the need for a new kind of
instructional program. The proposed curriculum reflects the unique
requirements of these occupations and is presented as a framework for
experimentation and innovation. With these two basic premises as guide-

lines, the following recommendations are made:

Recommendation No. 1 -

New programs of electromechanical technology should be

placed and implemented as soon as possible.

Recommendation No. 2 -~

The major effort in developing new programs for electro-

mechanical technicians should be devoted to two-year associate

degree level curriculums.



Recommendation No. 3 -~

Schools with existing programs of electronic and
mechanical technology should not expect to develop electro-
mechanical technology programs by assembling existing
courses and utilizing existing instructional staff without
further training. |
Racommendation No. & -

An extensive research praject should be planned and
carried out to further develop and document the instruc-
tional plan proposed for the curriculum in electromechanical
technolegy.

Recommendation No. 5 -

Research studies should be made in other emerging

occupational fields which require new combinations of

technical skills.
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EMT DEMONSTRATION PROGRAM

1Preparing technical graduates who are immediately useful employees
requires the use of "hands-on' industrial equipment wherever possible in
the program, At the same time the program must emphasize knowledge and
thought processes instead of special techniques or procedures if the
student's education is to have a sufficiently broad base. To help a
student go on to advanced studies in his field, the technical educator
must teach a group of technical principles soundly based‘in mathematics
and science skills. The nature of the two-year program further requires
a non-traditional approach in the scheduling of ﬁathematics and science
courses. Rather than preceding the introduction of the technical
specialty - the usual academic procedure - these courses must parallel
the technical subject matter and must contain selected concepts which

are immediately applicable in the technical courses.
Background of the EMT Curriculum

The electromechanical curriculum is the result of a systematic and
thorough research and development project involving four major steps:
occupational analysis, development of the tentative curriculum, testing,

and development and circulation of EMT materials.

Occupational Analysis

The research staff of Oklahoma State University's School of
Industrial Education organized and initiated a two~phase field study

during 1965~66 to determine how extensive the need for electromechanical

1EMT Program Compendium (New York, 1971), pp 2~5.
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technicians was, and to identify the skills and knowledge that industry
deemed essential in this emerging occupational category. A panel of
consultants was selected from a broad geographic area. New York, Cali-
fornia, Texas, and Ontario, Canada were some of the areas providing
members. They represented such divergent industrial activities as
manufacturing, research, distribution, and service. This panel advised
and assisted the Oklahoma State University group in planning and con-
ducting the survey, and was largely responsible both for the depth and
significance achieved in the investigation and for the objectivity and

validity of the conclusions drawn from the findings. (See Appendix I.)

Development of the Tentative Curriculum

Using the field study information, the research group formulated a
set of basic guidelines to describe the pre-employment training needed
for EMT technicians:

1. The training should put emphasis on electrical and mechanical
principles rather than on specific applications of these principles.

2. Communication skills are extremely important in the work of
electromechanical technicians and should be giveh special attention
in the training program.

3. A study of:fhe interrelationship of electrical and mechanical
elements of systems and devices should be central in the specialized
technical courses of the instructional program. Whenever possible,
electrical and mechanical principles should be studied together, not as
separate entities.

4., Principles of electrical and mechanical physics are basic tools

in the work of electromechanical technicians and all technical
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instruction should develop analytical skills for which these tools are
fundamental. 1In addition, there is an increasing need for the techni-
cian to work with new applications of other physical sciences such as:
optical equipment, thermal energy devices, hydraulic and pneumatic
controls, and a wide variety of measuring instruments.

It soon became apparent to the curriculum planners that the need
for multiple coordination among courses in an EMT curriculum dictated
radical changes in the basic organization of such foundation courses as
physics and even in some of the established instructional methods of
higher education.

The answer use was a curriculum built upon a series of unified
concepts, concepts which are common both.to electrical and mechanical
technology. Such concepts must be used in concurrent courses for mutual
support and learning reinforcement through theory introduction, applica-
tion, and repetition of application in electrical, mechanical, and
electromechanical laboratories. The unified concepts which the group
formulated are the following:

1. Differential Forces

2. Flow Rates

3. Real Opposition (resistance)
4. Energy Storage

5. Time Constants

6. Impedances

7. Resonances

8. Waves and Fields

9. Amplification

10. Feedback and Stability
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Curriculum Testing

The third phase of the electromechanical project, testing of the
curriculum and development materials under classroom conditiﬁns, began
at Oklahoma State University in September 1968, with the enrollment of
the first EMT class. Twenty-seven students consituted the class, 17 of
whom graduated with EMT associate degrees in 1970. A second group of 28
students enrolled in the OSU program in September 1969. Further testing
was conducted at Milwaukee Technical Community College, where the first
class was enrolled in the fall of 1969, and a second in the fall of
1970. The Texas State Technical Institute, Waco, Texas initiated its
first EMT curriculum in the fall of 1970. All of these classes were
conducted under the provisions of a grant from the U. S. Office of Edu-
cation, under the direction of the Technical Education Research Center.
A number of other institutions also began using the curriculum and
materials in the fall of 1970.

Textbooks providing the integration of subject matter required in
the EMT curriculum were not available when the first class started at
Oklahoma State University. In fact, the staff found that not even
terminology was "available'" at times -~ conventional terms and familiar
~ course names failed to describe the integrated courses the staff was
designing and teaching. Therefore, during the months before the
beéinning of the first class, and after it got underway, staff members
were preparing curriculum materials, primarily in the form of labora-
tory texts. These texts typically included a discussion of technical
principles, an experimental procedure, data tables, analysis guides, and
homework problems. These materials, of course, underwent a vast amount

of revision during 1968-69, when Oklahoma State University EMT staff
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began to discover through class exposure what would and would not work
in an integrated curriculum. At times, revisions literally occurred

on a day-to-day basis, but a smoothly functioning program gradually

took shape. The fact that such changes could be made without resulting
in the total disruption of the program perhaps best illustrates one of
the greatest-assets of the EMT curriculum: both in its embryonic stages
and as a tested and proven product, it has a unique capacity for

flexibility and adaptation.

Circulation of Materials

By July 1970, the EMT staff at Oklahoma State Uhiversity had
received and filled requests for materials and information from 17
junior colleges, 88 colleges and universities, 125 technical institu-
tions, and 44 other groups ranging from high school boards of education
to large industrial concerns. The Technical Education Research Center
met with representatives from 13 commercial publishing firms in May
1970, and invited them to submit proposals to publish the EMT class and
laboratory materials for distribution beginning fall 1972. Various
members of the staff have presented the program at numerous professionalv
meetings throughout the United States and articles discussing its con-
cepts and progress have appeared in several professional publications.
The dissemination function, of course, is Jjust beginning; its role will

become more important as EMT materials become available in quantity.
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DEVELOPMENT AND EVALUATION OF A TEACHER EDUCATION

PROGRAM IN ELECTROMECHANICAL TECHNOLOGY

The project entitled, "The Development and Evaluation of a Teacher
Education Program in Electromechanical Technology," was approved by the
newly created EPDA Bureau and initiated in the spring of 1969. The 15
program participants began their program involvement June 1, 1969, and
terminated on July 31, 1970. An extension was granted before submitting
this final report in order to facilitate rather elaborate evaluation
procedures designed into the project. This extension was granted until
June 30, 1971, and provided the opportunity to complete the participant
follow-up and evaluation of selected participant attitudes along with
other evaluation criteria.

The problem which was stated in the initial project proposal and
subsequently funded was: The rapid development of Electromechanical
Technology (EMT) has created an increasingly serious need for thousands
of broadly trained electromechanical technicians and the professional
staff to design and implement these educational programs.

The Technical Education Master's degree program at Oklahoma State
University was well established in the field at the inception of this
fellowship experience. The fellowship program was further strengthened
with additional activities related to the national two-year post high
school Electromechanical Technology demonstration program emphasizing
electromechanical concepts and experiences, i.e., the electromechanical
technician demonstration project, still in operation at Oklahoma State
University (see Appendix J). This project was fully utilized as a

learning resource in the Teacher Fellowship program.
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Generally, participants in the Teacher Fellowship program proceeded

through

1.

(1)
(2)
(3)
(&)

the following sequence of activities:

The program was initiated by a two-months summer session
emphasizing (1) the organization and structure of tech-
nician education and (2) a work project in the national
electromechanical technician demonstration program.

The fall semester concentrated on technical education
program planning and the strengthening of each partici-
pant's technical background in electronics and/or
mechanical technology.

The spring semester was devoted to curriculum develop-
ment in technical education and course work in statistics,
research, and technology. A developmental project in the
electromechanical technician program served as the master's
degree report. This occupational analysis project is
described in detail later in this report.

The 1970 summer session was devoted to a full-time
experience h selected industries that employed
electromechanical technicians. An occupational analysis
was conducted on-~the~job relating to electromechanical

technician tasks.
Program Time Schedule

Summer Industrial Experience 1970 - June 1 to July 31
Spring Semester 1970 -~ January 27 to May 24
Fall Semester 1969 - September 8 to January 24

Summer 1969 - June 1 to July 31.
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