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ABSTRACT

A RESEARCH MODEL FOR CURRICULUM DEVELOPMENT AND EVALUATION
IN OCCUPATIONAL EDUCATION: APPLICATION TO MECHANICAL
TECHNOLOGY IN THE PETROLEUM INDUSTRY OF VENEZUELA

By

Leonardo Martinez

The purpose of this study was to develop a research
model that could be used to analyze the skills and knowledge
possessed by job incumbents of an occupation in a selected
technological area. The model was designed as a tool for
curriculum development and evaluation in occupational
education and was applied to a random sample of forty
mechanical technicians employed by three petroleum firms
in Venezuela. The primary objective was to apply the re-
search model in exploring the skills and knowledge possessed
by these technicians, the contribution of the school and
the job in teaching them and the relative importance of
their skills and knowledge in their job performance.

A sort of 84 cards, containing a content item each,
was used. The content was drawn from formal and non-formal
sources of training, and was classified according to two

curriculum variables. Four questions were asked of each
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incumbent. Six analyses of variance were performed and
it was found that if a technician was affiliated with a
certain company this had a significant effect on the
importance he assigned to the content items of the card
sort. This effect was attributed to irregular sampling
and differences between firms concerning training and
utilization of mechanical technicians.

Using a four-dimensional matrix to analyze the
frequencies of responses to the card sort, it was found
that there are three major curriculum areas of concern
in the preparation of mechanical technicians for these
firms: (1) the conceptual area, (2) the application
area, and (3) the overlapping area. The role of the
school was found to be unique in the conceptual area,
although the school participates in teaching some items
in the other areas. The role of the job is unique in
relation to the management items and almost unique in
relation to all other items in the application area.

The research model should prove to be an effective
and unique tool for curriculum development and evaluation
in occupational education. It is unique in that: (1)
it includes content items from formal and non-formal
sources of training, (2) it is possible to trace any
effect of environmental variables, and (3) it uses two

curriculum variables that are independent of one another.
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After model application, the technical teacher
may use the data for an atomistic interpretation with
implications for curriculum improvement. The curriculum
developer may use the matrix approach for a systems inter-
pretation of the findings.

It was recommended that the model should be
applied in conjunction with othe research tools directed
to explore influences of affective content and cultural
factors, quality of content acquisition ‘and cost-benefit
analyses of combinations of formal and non-formal
education and training for the preparation of workers
in certain occupations. Iterative applications of the
model along and across technologies and economic
activities may help to identify clusters of content
and the basic elements of a general technology curriculum.
Finally, some suggestions were made for establishing
a process so that the most effective use of the data can

be achieved.
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CHAPTER I

INTRODUCTION

STATEMENT OF THE PROBLEM

The problem of determining the skills and information
that should be included in the curriculum for occupational
education is not unique to any particular country. A major
criterion of the effectiveness of occupational education is
the degree to which curriculum content is geared to employ-
ment needs. In the United States, for example, this problem
has commanded the attention of vocational teachers for many
years, and practices of curriculum development have been im-
plemented at all levels to facilitate this kind of effort.
Furthermore, curriculum development was identified as a
needed force in the Amendments to the Vocational Education
Act of 1963.

The rapid economic expansion in many developing
nations has resulted in suddén demands being placed on
the educational system for more skilled workers, technicians,
scientific and managerial personnel. Since the educational
structures have not changed rapidly enough to meet this
demand, serious constraints have been placed on the growth

of these nations. In most cases, curriculum content has

—— W



failed to meet effectively employment demands because the
rigidity of a 'mational" curricula and change dynamics do
not allow for the utilization of simple strategies such as

advisory committees.

PURPOSE OF THE STUDY

The purpose of this study is to develop a research model
that could be used to explore the skills and knowledge re-
quired by job incumbents in order to perform in a given tech-
nological area. The research model can be used to find answers
to three main curriculum questions: (1) What skills and
knowledge do the job incumbents possess? (2) Where did they
acquire these skills and knowledge? (3) How important are
these skills and knowledge to the performance of their tasks?
Included in this study is an application of the model to ex-
plore the skills and knowledge possessed by mechanical tech-

nicians in the petroleum industry of Venezuela.

IMPORTANCE OF THE STUDY

The research model developed in this study can be
used by vocational educators in most developing nations for
curriculum development and evaluation purposes. It can be
applied and expanded in the evaluation of vocational educa-
tion and in the development of new technical programs in
Venezuela. In general, the model can be applied to many

occupations and technological areas. It provides direct and



objective criteria for developing an occupational curriculum
that is closer to the needs of employment. Iterative use of
the model in a group of occupations and technological areas
can help to identify clusters of skills and the knowledge that
are common to a group of occupations within one or several
technological areas.

The use of the model for the development and evalua-
tion of technical education in Venezuela is illustrated by the

application carried on in this study.

TECHNICAL EDUCATION IN VENEZUELA

There are three formal sources of technical training
in Venezuela: (1) the technical schools (ETI), (2) the
polytechnical institute (IPU), and (3) the Universidad de
Oriente school for technicians (ETSUDO). The ETI's have
operated since 1937 and have graduated technicians since
1954. The curriculum of the ETI's had a two-year basic
program, with an exploratory industrial arts content, some
general education and training for basic industrial skills.
After this program, the students could go into a four-year
skill development and technical training program. These two
components were basically different from the traditional
academic secondary schools, which had a three year general
education component where industrial arts was excluded and

a two-year college preparatory program, with options in

science and the humanities.



Since the ETI's technicians are the greatest technical
manpower output of the nation, the curriculum problems of this
source may have a significant impact on the economy. Educa-
tional planners have realized this fact and introduced some
changes in the curriculum structure of secondary education, so
that the ETI's will be significantly affected. First, the
two-year basic program was replaced by a revised version of
the three-year general education program for all schools at
the secondary level. The student from the industrial school
will be expected to make vocational choices at a later age
than before, and the student from the academic schools will
be introduced to the world of work through a practical arts
curriculum. Second, the four-year skill development and
technical training program was replaced by a two to three-
year diversified secondary school program, which resembles
the American senior high school curriculum of the comprehen-
sive nature. This last replacement will be in effect nation-
wide beginning September, 1972, and will maintain the tradi-
tional academic offerings along with some occupational pro-
grams. As a result of these changes, the task of preparing
technicians through the formal system has been located in the
institutions of post-secondary education.

IPU and ETSUDO have been graduating technicians during
the last four years. Four post-secondary schools were recently
created to aid in this task, and some of the ETI's may achieve

full and legal post-secondary status in the near future.



Traditionally, the technical education curricula
has been prepared by the faculty of the engineering schools,
with little or no involvement of private industry. Conven-
tional curriculum evaluation devices such as advisory com-
mittees and follow-up studies have never been used. As
stated in the prescribed program, the requirements for a
technician's degree are slightly different than those of the
engineering students.

In summary, the responsibility to prepare technicians
has been located at the post-secondary level. New schools
have been created to assume this role and other institutions
are expected to be created in the near future. The process
of curriculum development and evaluation needs a close
examination. The research model developed in this study

can be used for this purpose.

LIMITATIONS

Some limitations were identified and included in
this section, in relation to the following aspects: (1)
general education, (2) generalizability of findings,
(3) affective domain, (4) quality of skill acquisition, and

(5) influence of cultural factors.

General Education

Some skills and knowledge included in the occupa-

tional curricula are generally referred to as general education.



These would include basic concepts from the sciences,
humanities, sociology, language and other behavioral

areas. Since an analysis of the importance of these

skills and knowledge was not intended, they were excluded
from the card sort. Since it is not easy to distinguish
between occupational and general content, some items in-
cluded in the card sort may be part of the general educa-
tion component of the technical curricula. However, the
items excluded were those that appeared to be less obviously

occupationally oriented.

Generalizability of Findings

The purpose of this study was to develop a research
model for curriculum development and evaluation. The applica-
tion of the model was confined to one technological area and
three firms within that area. Furthermore, the job incumbents
from one occupation were interviewed and only two kinds of
school background that were present in the defined population
were considered. Further replications across these variables
should be attempted before the findings reported as part of the
application of the research model can be generalized with

confidence.

Affective Domain

It is not the intent of this study to consider attitudes,

interests and other aspects of the affective domain. Although



the importance of conducting research in this area should

be recognized, it is beyond the scope of this investigation.

Quality of Skill Acquisition

It was stated in page 2 that the research model can
deal with three major problems: (1) learned skills and
knowledge, (2) systems of learning, and (3) importance to
the job of learned content. One problem that may have im-
plications for curriculum development and evaluation is the
quality of content acquisition and its relationships with
systems of learning and content importance. An evaluation
of this problem may require the application of certain in-
struments like supervisory rating‘scales and performance
tests. It may also require to examine company records of
performance and career ladders. Consideration to this pro-

blem was beyond the scope of this study.

Influence of Cultural Factors

It may be argued that certain cultural factors had
some unknown influences in the importance and relatedness
assigned by the technicians to the questions of the card sort.
No attempt was done to explore these factors, but it is ex-
pected that their effect will become evident in trying to

apply the model from one cultural environment to another.



DEFINITION OF TERMS

The variables used in this study were operationally
defined in the context of the local application of the re-
search model. For instance, the levels of the independent
variables related to the curriculum content were defined by
the items included in these categories, as listed and coded in
Appendixes B and D. The levels of the independent variable
related to technicians' activities were defined by the kinds
of tasks performed by the incumbents, as reported by company
officials and line supervisors. These activities were coded
and listed in Appendix A, but they are furtherly clarified in
this section. The following definitions are included: (1)
technician, (2) maintenance technician, (3) operations tech-
nician, (4) engineering technician, (5) formal education,

and (6) non-formal education.

Technician

For this study, a technician is a graduate from the
schools included in this research, defined as technician and
reported as such by the companies and engaged in maintenance,

operations and engineering activities within the firms.

Maintenance Technicians

These job incumbents performed their work in the

refinery, production, gas operations and service station



repairs. They were either supervisors or specialists of
industrial services, equipment inspection, maintenance of
power plants, corrosion detection, balance beams repairs

and maintenance of instruments.

Operations Technicians

These job incumbents were found in the o0il pro-
duction areas. They worked either as supervisors or special-

ists in the programming of oil production.

Engineering Technicians

These job incumbents were working as specialists in
the inspection of industrial equipment for non-destructive
testing. They made reports of inspections of working and
overhauled machinery. Other engineering technicians worked
in the solution of advanced production problems and design
of new production systems. Finally, some engineering tech-
nicians were engaged in equipment selection for a great di-
versity of company needs, acting as mediators between the

departments requesting the equipment and the suppliers.

Formal Education

As used in this study, formal education refers to the
system operated by the national government of Venezuela to
prepare technicians through institutions like ETI, IPU and

ETSUDO.
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Non-formal Education

This system of learning refers to the technical
training that takes place on the job, either through pro-
grams of a classroom nature or on-the-job learning through
job rotation. Other non-formal learning activities promoted
by the incumbents themselves or by the companies that are not

related to job oriented skill training are excluded.

&,.!



CHAPTER II
REVIEW OF THE LITERATURE

The problem of determining the skills and knowledge
that should be included in the curriculum affects occupation-
al education across jobs, levels of education, geographical
zones and technological areas. Some effort has been made
to find adequate solutions to this problem. The first part
of this review focuses on studies using research procedures
that may differ basically from those included in this study.
The second part includes a representative sample of works
that may have used research procedures somewhat related to
the features included in the model. The discussion of these

studies emphasizes the uniqueness of this research model.

GENERAL PROCEDURES

In general, the process of determining curriculum
content has been approached through several procedures:
(1) traditional advisory committees, (2) surveys, mainly
of the follow-up type, (3) observation of worker's performance
and interviews of job incumbents and their immediate supervisor,

and (4) empirical procedures.

11
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An example of a survey was the Position Analysis
Questionnaire, applied by Mecham and McCormick (6) at Purdue
University. Their objective was to develop a procedure for
establishing job requirements on the basis of synthetic or
generalized validity, building up data on the attributed re-
quirements of the individual job elements. The instrument
include 189 job elements of a "worker oriented'" nature
(4, p. 13).

The study conducted by Schill and Arnold (10) and
reported in the next part of this review is an example of
the interview procedure. One question that has been raised
regarding the use of interviews is whether the information
should be gathered from the job incumbents, from their
supervisors or from both. Madden and others (5) addressed
themselves to this question and analyzed the level of agree-
ment between workers and supervisors in reporting the task
demands of the worker's job. They found that there was
a 90 percent agreement between these groups. Since they did
not find evidence of exaggeration of the reports given by
job incumbents, they recommended gathering data directly
from workers (4, p.12).

An empirical procedure for identifying the skills
and knowledge to be included in the occupational curriculum
has been suggested by Moss and others (8) at the University
of Minnesota. In the development of the rationale, they

have indicated that the present methods for organizing content



13

for vocational programs typically'begin with the subjective
identification of needed cognitive competencies. From their
interpretation, educators infer these competencies by ob-
serving the worker or by asking him and his supervisor to
estimate the concepts to perform satisfactorily. Moss and

his group (8, p. 72) stated that the results of this approach
are biased by suggestions from the investigator or by un-
realistic occupational expectations. These researchers de-
veloped and tested an empirical method for identifying both
the technical concepts possessed by workers on the job and
their psychological structure. They experimented with a
procedure to develop maps of the technical concepts possessed
by selected workers. This procedure was based on the assumption
that if a group of highly productive workers can be identified
and if the psychological organization of the concepts possess-
ed by these workers can be empirically determined, there will
be an organizational structure of the content that can be
used as a model for developing learning experiences. The con-
ceptual structure, as perceived by these investigators, can
be identified using free association methodology. Three
pieces of research have been reported from these researchers
to test free association methodology. The first one deter-
mined that free association could yield reliable data and
produce a conceptual map with face validity for the radio

and television repair occupation. The second one determined

that the maps were sufficiently precise to be related to



14

qualify of performance in the same occupation. The third
one referred to radio communications repair and compared

the conceptual structures among both occupations and iden-
tified a conceptual map for curriculum development purposes.
In summary, free association methodology consists of: (1) r—
selecting a sample of workers in the occupation to be studied,
(2) having their immediate supervisors to rate these workers

on an effectiveness scale, (3) developing a list of major

- s
T oa

technical words used in the occupation, (4) refining the

list and arranging it into four forms of free association
test booklets, and (5) applying the tests to the workers,
analyzing the data and developing the maps. Ammerman (2, p.174)
reported using free association methodology in a feasibility
study for the Army. The results of his experiences point out
the need to look at the selection of stimulus words. De-
pending on the curricular goals, different types of concep-
tual structures need to be sought. He also reported some
response and structural consistency in the methodology,

while suggesting that there are many procedural questions that
need to be explored before this approach can become generally

used for curriculum development.

RELATED PROCEDURES

A pioneering study was conducted by George L. Brandon
at Michigan State University (3). He developed a research

methodology to discover the basic understandings that are
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critical to technical jobs. An extensive review of the
literature was done and two conferences were held with
specialists and consultants from the universities, research
organizations, employment and personnel management offices
and independent researchers from various disciplines. As
a result of this project, a matrix approach for curriculum
research was suggested. This approach has been adapted,
modified and improved in subsequent applications by other
investigators. In summary, the matrix can be built in a
six-step procedure: (1) defining job titles to be used

in the horizontal side of the matrix, (2) describing in
detail the current and future job activities, (3) defining
elements to be compared in the vertical side of the matrix
(courses, concepts, skills, etc.), (4) selecting and
training raters, (5) applying the instrument to a sample
of job incumbents, and (6) analyzing the data. The use of
raters can be substituted by direct interviews of job
incumbents.

Schill and Arnold (11) attempted to establish an
empirical basis that would enable them to make more accurate
decisions concerning curriculum content in technical educa-
tion prior to establishing training programs. They selected
a random sample of technicians in Illinois and collected
data through a structured interview of job incumbents, using
a modified version of the Q-sort technique. Ninety-nine

cards were finally developed from school catalogs. The cards
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contained content information similar to a course description.
A panel of experts examined the cards for content validity
and understandability and rated each card on a continuum from
abstract to application. Three pilot studies with technicians
helped to improve the card sort. Finally the technicians
selected for the study analyzed each card and sorted them into
three piles: (1) closely related to job performance, (2) some-
what related, and (3) totally unrelated. The related and some-
what related were sorted again into the left hand tail of a
normal curve. Values from zero to seven were assigned according
to the degree each card was related to job performance. The
researchers concluded that there was a common core of knowledge
required of the various technologies and level of job function
within the technologies (11, p.86). The identification of
items for their common core was done through simple inspection
of the responses arranged in rank order. The items somewhat
related to job performance were subjected to a two-mode factor
analysis using items and individuals via the principal axis
rotation method, although they recognized the limitations of
using factor analysis for this case. The items set aside as
common core were compared with the abstract to application
continuum and the academic disciplines classification, using
chi-square analysis.

Al-Buckhari (1) studied the role played by the
secondary industrial schools and the employment system of

Jordan in preparing middle level skilled manpower. He used

]

“‘\. "
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questionnaires and interviews to determine the working

status of secondary industrial school graduates and the
extent to which they utilized the curriculum components
taught in the schools while on their jobs. He reported

a consistent trend from the specific to the general in —

N

regard to skills and theory used on the job and learned
on the job. The more specific the training provided by
the schools, the less like it was to be relevant to

job demands. The more general and theoretical the topics :j
taught in the schools, the greater the likelihood of being

relevant to job demands.

DISCUSSION

Different criteria may be used to select an appropriate
research procedure or to evaluate those currently used for
this problem. If accuracy is less important than costs and
coverage, survey procedures can be used. If accuracy is
most important, free association can be tried. If a balance
is sought between these factors, observation and interview
can be combined with empirical procedures.

Free association methodology promises to be a rather
accurate tool. However, it needs to be used in combination
with a conventional task analysis approach in order to give
meaning to the conceptual maps (8, p.4). The application
of free association methodology may encounter some practical

inconveniences. Subjectivity may be present when the rating
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or selection of workers is done by the supervisors. Test

application may require cooperation and healthy attitudes

from workers and supervisors, which is difficult to obtain
and extremely time-consuming.

Observation and interview can be used with confidence
if some precautions are taken to prevent biases and if the
appropriate statistical procedures are used to analyze the
data. The temptation to force the data into artificial
distributions should be avoided.

Certain features provide uniqueness to the research
model developed in this study. First, the curriculum was
broken down to a higher degree of specificity in relation
to skills and knowledge possessed by the job incumbents.
These levels need to be more comprehensive than the four
components used by Al-Buckhari (1) and even more than the
course content selected from college catalogs by Schill
and Arnold (11). Second, an improved version of the card
sort was used, selecting items from formal and non-formal
sources of training, analyzing the job demands and developing
specific and clear statements of skills and knowledge. Using
this procedure, there was no doubt as to what part of the
content the technician was reacting. Third, the research
model can answer the question of content importance to job
performance, but it also helps to identify the contribution
of formal and non-formal sources of training in relation to

the knowledge and skills possessed by the technicians.

g
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Finally, the process of content organization into cards was
carried on in a way that eliminated subjectivity. Instead

of asking the supervisors what the job incumbents needed to
know, they were asked to tell what tasks the technicians

were expected to perform and what specific training they

had received on the job. The interviews with the technicians
were done in a way that avoided suggestions, personal pre-

ferences or interpretations by the researcher.

T
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CHAPTER III

RESEARCH PROCEDURES

The purpose of this study, as described earlier, was
to develop a research model that could be used to explore the
skills and knowledge possessed by job incumbents in certain
occupations and technological areas. Since the model was used
to explore the skills and knowledge possessed by mechanical
technicians in the petroleum industry of Venezuela, the
research procedures were described in relation to that

application.

OBJECTIVES

The primary objective was to apply the research model
by exploring the skills and knowledge possessed by the mech-
anical technicians, to find out where they had acquired them
and the relative importance of these skills and knowledge to
job performance.

Three independent variables related to the technician
and his job were considered: (1) school background, (2)
company affiliation, and (3) kind of activity performed by

the technician.

20
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In relation to school background, technicians from
two of the three technical institutions were employed by
the three participating firms. It was considered appropriate
to avoid school identification. It was also agreed with
company officials that company identification and technicians'
names would remain anonymous. Three kinds of activities
were identified as performed by the mechanical technicians:
(1) maintenance, (2) operations, and (3) engineering. The
description of these activities was given in pages 7 and 8.

Two independent variables related to curriculum
content were considered: (1) subject matter classification
of the content, and (2) kind of human performance required
by the job.

A long list of subject matter groups taken from
formal and non-formal sources of training was analyzed
and organized into eight distinct groups or levels: (1)
fluids, (2) heat, (3) structures, (4) mechanical technology,
(5) industrial technology, (6) management, (7) mathematics
and science, and (8) electricity. Each of these levels
was defined by the content included in them as shown in
Appendix B.

Six kinds of human performances required by the

job were also considered: (1) skills, (2) related information,

(3) measurements, (4) communications, (5) science, and (6)
mathematics. This classification system was adapted from

the studies conducted by Donald Maley at the University of
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Maryland and reported by one of his associates (7). This
system was used by these researchers in the development of
the cluster-concept program of vocational education at the
secondary level. It was also defined in this study by the
kinds of specific performances included in each classifica-
tion, as shown in Appendix B.

The content items included in each pair of levels
of the two classification systems of the card sort are
identified in Appendix C. |

Four independent variables were controlled. Tech-
nological characteristics of the occupations were controlled
by selecting mechanical technicians only from the petroleum
industry of Venezuela. Individual differences, age and
work experience were controlled by random selection of
technicians from the lists supplied by the companies.

The primary dependent variable was the relative im-

portance and relatedness to the job assigned by the tech-

nicians to the content of each card. The following dependent

variables were specifically examined: (1) frequencies of
responses to the questions of the card sort, (2) weight of
relative importance assigned to each content item, and (3)
mean importance score, obtained by averaging the frequencies

of responses to the question of content importance.
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INSTRUMENT DEVELOPMENT

A sort of 84 content items written on cards was used.
Each card contained two parts: (1) a behavioral statement
describing the knowledge or skills involved, and (2) a group
of content elements associated with the stated behavior. The
behavioral statements of each item were included in Appendix
D. These statements were so clear and specific that the
technicians could react to the cards without reading the con-
tent elements. However, they were invited to read such
elements when needed to clarify their thinking in relation
to a specific behavior.

The process of instrument development consisted of
four stages: (1) analysis of the curriculum in the schools
of the formal system (ETI, IPU, ETSUDO), (2) analysis of
training programs in the non-formal system, (3) development
of tentative card sort, and (4) card sort refinement.

The analysis of training programs in the formal
system included visiting each school and interviewing school
officials and teachers of technical subjects. The course
syllabi were collected and discussed with each teacher. They
were asked to state in behavioral terms their expectations
of the skills and knowledge that the technicians should have
at the end of each course.

The analysis of training programs in the non-formal
system included interviews with company training officials

and the immediate supervisors of the technicians. The
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training officials were asked to supply the programs of
systematic training that each technician was expected to
follow. They were also asked to provide the syllabus for
each course included in the program. The immediate super-
visors were asked to describe in simple terms the tasks
performed by the technicians and to supply additional infor-
mation with regard to skills and knowledge learned through
job rotation.

The data collected from formal and non-formal
sources of training were organized into a tentative card
sort. Each card was coded according to the levels of the two
independent variables related to curriculum content. The
sort was given to a group of technical teachers for review
of content consistence. A trial run was performed with
five mechanical technicians not included in the sample. This
trail helped to make corrections and to estimate the time

needed for each interview.

SAMPLE SELECTION

The process of sample selection consisted of three
stages: (1) identification of the population of mechanical
technicians in the petroleum industry, (2) analysis and
classification of the activities performed by these job in-
cumbents and (3) sample selection.

In a preliminary interview, the industrial relations

officers from the companies were asked to provide a list of
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their technicians, indicating: (1) name or company identifica-
tion number, (2) school background, (3) company assignment
(unit of work and geographical location), and (4) name or com-
pany identification number of the immediate supervisors. Fif-
teen of these supervisors were interviewed. The’job descrip-
tions provided by these supervisors were used to develop a
system of classification of technicians' activities, shown in
Appendix A. A population of 65 mechanical technicians was
identified as fitting within these three groups, and was dis-
tributed by firm and activity as shown in Appendix E.

Since the number of technicians working on engineering
activities was relatively small, 100 percent of this group and

about 50 percent of the maintenance and operations technicians

were selected at random, until a final sample of 40 technicians

was organized.

DATA COLLECTION

The investigator conducted personal interviews with
each of the 40 mechanical technicians included in the sample.
Before card sort application, the technicians were oriented
to the objectives of the study and the operation of the
instrument. It was made clear to them that : (1) the study
was not promoted by the companies, (2) the results could not
be used for personnel evaluation purposes, (3) the names

of the company and the technicians would remain anonymous,

and (4) the results could positively contribute to the advance-
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ment of technical education in Venezuela. Basically, the

cards were randomly organized and presented to the job incum-

bents.

Four questions, one at a time, were asked. Each time,

the technician was expected to read the cards and answer the

question by sorting them into piles. The questions were:

1.

What content items have you leaxned? The technician

organized the cards into two piles, the '"learned'" and
the '"'not learned" items. A non-learned item was de-

fined as one that was completely forgotten and would

need some retraining if requested for application.

From the learned items, which ones were learned in

the school and which ones on-the-job? Since some

items could have been learned in a combination of
school and job, the decision was to be based on
where the major learning effort took place. They
were asked to distinguish between initial learning,
skill acquisition and task repetition.

From the learned in the school items, which ones are

important to your present job performance?

From a combined pile of items learned in the school

and important to job performance and learned on-the-

job, what is the relative importance of these items?

The technicians were asked to organize five piles on
a continuum from most to least important to job per-

formance.

| K
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The data collected on each interview were tabulated
on a simple check-mark format, translated into computer

codes and punched on computer cards.

ANALYSIS

The statistical analysis of the data was performed

to test whether the relatedness and importance assigned by

the technicians to the content of each card could be attributed

‘3.1’“_

to the specific demands of his job or to variables like school E
background, company affiliation or technician's activities.

This test was achieved by crossing the two independent variables
associated with curriculum content with each of the three in-
dependent variables associated to the technician and his job.
Using the frequencies of responses to the fourth question as

the dependent variable, six analyses of variance tests were
performed, considering technicians nested each time within firms,
activities and schools, and considering content items nested
each time within subject matter classifications and human per-
formance requirements of the job. These tests were performed
through the computer, using a multivariate program developed

by Jeremy Finn at the State University of New York, Buffalo.

This program was available at the Computer Center, Michigan
State University. Use of these facilities was made possible

in part, through support from the National Science Foundation.




CHAPTER IV
FINDINGS

The purpose of this study was to develop a research
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model that could be used to analyze the skills and knowledge
possessed by job incumbents of an occupation in a selected

technological area. The model was applied to a random sample
of 40 mechanical technicians employed by three oil companies
in Venezuela to determine: (1) their skills and knowledge,

(2) the role of the formal and non-formal systems of training
in preparing technicians, and (3) the relative importance of
their skills and knowledge in job performance. A sort of 84
cards, containing a content item each, was presented to the

technicians. They were asked four questions related to each

item. The findings are presented and discussed in this Chapter.

JOB REQUIREMENTS AS CRITERIA
OF CONTENT IMPORTANCE

It was necessary to test whether the relatedness and
importance assigned by the technicians to the content of each
card could be attributed to the specific demands of his job,
to his school background, to his firm affiliation or to his
work activity. Therefore, the two independent variables

associated with curriculum content were crossed with the

28
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three variables associated with the technician and his job.
Using the frequencies of responses to the fourth question as
the dependent variable, six analyses of variance tests were
performed. The results of each of the multivariate tests for
equality of men vectors are presented in Figure 1 (page ). r;
Since the probability level for all comparisons was 1
selected as 0.05, it is observed in Figure 1 that only the
comparison of firms and subject matter was found to be statisti-

cally significant.

ey~

Each of the cells of Figure 1 yielded a set of uni-
variate and step down F-tests, which are included in Appen-
dixes F and G. The mean importance scores for each of these
tests are presented in Appendixes H and I, and the correlation
matrixes for each test are presented in Appendixes J and K.

Comparing the results reported in Appendixes F and
H it is observed that:

1. Technicians from school two considered the items
grouped as heat to be more important to their jobs
than did those from school one. This was only sign-
ificant in the step down F-test (p less than 0.0495),
when the variance component from regression was
eliminated.

2. Technicians working in maintenance and engineering
activities found the items classified as mechanical
technology to be more important to their jobs than

did those working in operations. This was significant
both in the univariate (p less than 0.0043) and the
step down F-test (p less than 0.0079).

3. Technicians from firms one and three considered

the items classified as mechanical technology to be
more important to their jobs than did those from firm
two. This was significant both in the univariate (p
less than 0.0001) and the step down F-test (p less than
0.0002).
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Two Schools Three Activities Three Firms
F=2.0394 F=1.2412 F=2.3420
df=8 and 31 df=16 and 60 df=16 and 60
p less than p less than P less than
0.0743 0.2654 0.0092
F=1.6190 F=1.3176 F=1.6424
df=6 and 33 df=12 and 64 df=12 and 64
P less than p less than p less than
0.1731 0.2310 0.1022

Figure 1. Results of the multivariate F-tests for equality of
means vectors.

F 3

"o am. .



31

4, Technicians from firms two and three considered
the items classified as management to be more
important to their jobs than did technicians from

firm one. This was significant both in the univariate
(p less than 0.0183) and step down F-test (p less than
0.0192).

5. Regardless of firm affiliation, school background
or activity performed, the technicians consistently
rated the items classified as industrial technology
as the most important to their jobs, and those class-
ified as structures as less important. This can be
observed in Appendix H.

Comparing the results reported in Appendixes G and I
it is observed that:

1. Technicians from school one considered the items
classified as skills to be more important to their
jobs than did those from school two. This was sign-
ificant both in the univariate (p less than 0.0377)
and the step down F-test (p less than 0.0377).

2. Technicians from school one considered the items
classified as related information to be more important
to their jobs than did those from school two, but it
was only significant in the univariate F-test (p less
than 0.0348).

3. Maintenance technicians considered the items on
measurement to be more important to their jobs than
did operations or engineering technicians. This was
significant both in the univariate (p less than 0.034)
and the step down F-test (p less than 0.0205).

4., Technicians from firm three considered the items
classified as related information to be more important
to their jobs than did those from firms one and two.
This was significant both in the univariate (p less
than 0.0427) and the step down F-test (p less than
0.0137).

5. Although the trend for human performance require-

ments comparisons was not as conclusive as it was for

subject matter comparisons, the technicians considered
the items classified as communications to be the most

important ones to their job. This can be observed in

Appendix I.
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In terms of the correlation matrixes for subject
matter and human performance requirements comparisons, it is
observed in Appendixes J and K that:

1. There is a mild correlation between the im-
portance scores assigned to fluids, heat and
structures. Its value ranges from 0.44 to 0.58
for all comparisons.

2. There is a mild correlation between the
importance scores assigned to related information

and skills (0.606 to 0.678) and between the scores

assigned to communications and related information
(0.515 to 0.546).

THE SCHOOL AND THE JOB AS TRAINING AGENCIES

The frequencies of responses to the card sort were or-
ganized and presented in Appendixes L-1 to L-8 and M-1 to M-6.
Appendixes L-1 to L-8 refer to subject matter classifications,
while Appendixes M-1 to M-6 refer to human performance require-
ments of the job. Item identity in column one of each of these
Appendixes corresponds to that in Appendix D. Columns two to
five summarize the frequencies of responses to the first three
questions of the card sort so that it is possible to examine
the frequencies of responses by content item, question and
curriculum variable. Columns six to eight summarize the
frequencies of responses to each of the five alternatives of
question four. The mean importance score presented in
column nine was obtained by averaging thesé frequencies.
Column six represents the sum of frequencies of responses to

the first two alternatives to question four. Column eight
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represents the sum of frequencies for the last two alternatives.
This illustrates both central tendency and dispersion of scores
around the mean.

The analysis of these findings can be approached from
two different perspectives. First, the curriculum developer
or the technical teacher may want to explore the responses to
the card sort in relation to one specific content item, a
group of items or a curriculum variable. This atomistic inter-
pretation will be appropriate for curriculum evaluation and
improvement. Second, a system may be needed to develop an
overview of the problem and to make interrelated observations.

This second line of inquiry was selected in this report.

Figures 2 (page 35) and 3 (page 38) represent a matrix
approach to allocate content items to a four-dimensional
space, according to where the items were learned, the kind of
content involved, the degree of importance to the job and the
relative utility of the item. The decision to allocate an
item according to the system of learning was based on the
proportions of columns two and three against column four
(Appendixes L-1 to L-8 and M-1 to M-6). If the sum value
of columns two and three for an item was larger than its
value in column four, the item was allocated as learned in the
school and vice versa. The decision to allocate an item as
being above or below average in importance was based on the

value of the mean importance score. Items with mean values
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from 1.00 to 3.00 were included as at or above average. Items
with mean values greater than three were represented as below
average. The third dimension of the matrix offers two options,
according to the curriculum variable selected for analysis.

The decision to allocate an item according to the utility ratio
was based on the proportions of frequencies of columns three
and five against two and four for each item. If the sum value
of columns two and four was equal or greater than the sum value
of columns three and five, the decision was made to assign a

high utility ratio to this item and vice versa.

Subject Matter Classifications

Selecting subject matter classifications as the cur-
riculum variable for analysis through the matrix approach,
the 84 content items of the card sort were represented in
Figure 2 ( page 35). This Figure can be observed in reference
to Appendix D for content identification. The following

findings can be reported according to the system of learning.

Non-Formal

1. The contribution of the non-formal system of training
in the preparation of mechanical technicians is concen-
trated in the mechanical technology, industrial technology
and management items. All items learned on the job and
included within these three groups were considered average
or above average in importance to the job.

2. All content items classified as management were
learned by the technicians on the job. Most of these
items have a high utility ratio, although some items
missed the high utility category by two or three
frequencies.
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3. Most of the items classified as industrial
technology and learned on the job have a high
utility ratio and were considered average or above
average in importance to the job. Item (56) missed
the high utility category by two frequencies.

4, Only six out of twenty items classified as
mechanical technology were learned on the job, but
they are included in the school curriculum and
continually stressed on the job by assignment
rotation.

Formal

1. The contribution of the formal system of training
in the preparation of mechanical technicians is con-
centrated in the fluids, heat, structures and mathe-
mathics and science items. This system shares res-
ponsibility with the job concerning some mechanical
technology items, and it also has a weak contribution
in relation to the industrial technology items.

The school failed to contribute in the management
items.

2. Excepting items (29), (40), (34) and (38) in
mechanical technology and (47) and (54) in industrial
technology, all other items learned in the school
have a broad and general theoretical orientation.

3. Of the thirteen items in industrial technology,
three were learned in the school. Of those learned
in the school, two are above average in importance
and only one has a high utility ratio.

4, More than half of the content items classified
as heat and structures have below average importance.
Only items (8) and (21) have a high utility ratio.

5. Although some items in mathematics and science
were reported to have above average importance, none
was included in the high utility ratio category. In
fact, the data in Appendix L-7 show that items (73),
(78), (79) and (80) had a frequency of response that
fluctuated from three to six cases. The larger
frequencies for these items are in columns three and
five. On the other hand, item (76) was reported as
above average in importance by a larger group of tech-
nicians, but did not reach the high utility ratio
category.
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Human Performance Requirements

Selecting human performance requirements for analysis
through the matrix approach, the 84 content items of the card
sort were allocated and represented in Figure 3(page 38). This
Figure can be otserved in reference to Appendix D for content
identification. The following findings are reported according

to the system of learning.

Non-Formal

1. The non-formal system shares some responsibility
in the preparation of mechanical technicians in skills,
related information, measurement and communication items.

2. Excepting item (21), all other items classified
as skills and having a high utility ratio were learned
on the job.

3. All related information items learned on the job
were considered above average in imgortance. Excepting
item (67), all items in this group have a high utility
ratio. Item (67) missed the high wutility ratio by one
frequency.

4, All items classified as measurement, learned on
the job and considered above average in importance have
a high utility ratio.

5. All items classified as communications learned on
the job were considered above average in importance.
Excepting items (60) and (70), all these items have a
high utility ratio. Items (60) and (70) missed the
high utility category by two and three frequencies
respectively.

Formal

Excepting skill items (29), (40), (34), (38) and
(54) and measurement item (47), all other items
learned in the school have a broad and general
theoretical orientation.
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Discussion

Once the findings of the application have been presented,
it is convenient to examine and relate them to the research
model as a tool for curriculum development and evaluation in
occupational education.

Firm Effect

The fact that a technician was affiliated with a
certain firm had a significant effect on the importance he
assigned to the items of the card sort. This effect could
be attributed to the following factors: (1) irregular
sampling, (2) differential manpower policies, and (3) tech-

nological differences.
Irregular Sampling

Two forms of irregular sampling were present in the
study (see Appendix E):

1. Only firm two employed and trained mechanical
technicians for operations. Two of the findings

support this confounding: (1) technicians from firms
one and three gave greater importance to mechanical
technology items than did technicians from firm two,

and (2) maintenance and engineering technicians gave
greater importance to mechanical technology items than
did operations technicians. The major role of the oper-
ations technician is o0il production programming. He is
trained to do a job that requires the application of a
specific kind of technology. Other firms employ other
kinds of job incumbents for the programming job. The
mechanical technician who works in operations gets the
same training given to technicians from other specialties
that perform the same job. The line supervisors re-
ported that there are certain advantages in training
mechanical technicians for this work role.

=
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2. All technicians from firm three included in

the population and selected for the sample are from
school one. In the school comparisons, technicians
from school one gave greater value to the skills
and related information items than did those from
school two. Technicians from firm three also gave
greater value to these items than technicians from
firms one and two, although only the univariate R
test for related information was significant. r

Differential Manpower Policies

Another factor that may be confounded with the firm

effect is the lack of homogeneity in manpower policies

s

between firms, particularly concerning differential training
and utilization of technicians for supervisory and non-
supervisory work. Technicians from firms two and three
received planned, institutionalized and on-the-job supervisory
training, in addition to related skill training. Technicians
from firm one received more skill related training specific

to the material components of their environment. This may

be reflected in the higher values assigned by technicians

from firms two and three to the management items.

Technological Differences

The main effect of firm affiliation could also be
explained by technological differences between firms. How-
ever, the researcher neither observed indicators of these
differences nor had access to the kinds of data that would

help to explore this possibility.
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Independence of Curriculum Variables

An observation that can be made from the data is that
the two systems of curriculum content classification are in-
dependent of one another. This is supported by the following

findings: (1) The main effect of firms was present only in

2
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the subject matter comparisons, (2) all technicians gave
greater value to the communications and industrial technology

items, two groups that do not overlap, as shown in Appendix C,

v

and (3) maintenance technicians gave greater importance to
content items classified as mechanical technology and measure-
ments than did operations technicians, referring again to two

groups of items that do not overlap.

Model Application

As suggested at the outset, the research model developed
in this study could be used to explore some curriculum questions
concerning knowledge and skills possessed by the job incumbents,
the place of learning and their relative importance to the job.
The knowledge and skills possessed by the mechanical technicians
were explored in relation to two curriculum content variables.
Content items from formal and non-formal sources of training
were used in the card sort. The frequencies of responses to
each item and curriculum variable may be an useful resource
for an atomistic analysis. For example, certain items being
taught in the school and having low importance and utility

may require particular attention. Some items that are
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important for a few job incumbents, whether learned in
the school or on the job, may be questioned. Certain
items learned on the job may be incorporated into the
school curriculum. Other items that are taught in the
school but are more efficiently learned on the job may be
left to that training domain. This is the kind of analysis
that may be of more interest to the technical teacher because
it is at his level that the necessary improvements must be
made on an item by item basis.
The matrix approach helped to develop an accurate
and objective analysis of the contribution of the school
and the job as training agencies. The concept of content
utility provided an appropriate dimension for this analysis.
The interaction of the school and the job in the
preparation of mechanical technicians for the petroleum
industry of Venezuela has defined three major curricular
areas of concern: (1) The conceptual area, (2) the applica-

tion area, and (3) the overlapping area.

Conceptual Area

This area includes the content items in the heat,
fluids, structures and mathematics and science subject matter
classification. This area is the major and unique concern
of the school. Almost all items in the conceptual areas have

low utility ratio, including the few that were considered

above average in importance to the job. All items in this area

have a broad and general theoretical orientation.

g e
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Application Area

This area includes mechanical technology, industrial
technology and management items, and skills, related informa-
tion, measurement and communications items. This area is the
major and almost unique concern of the job. All items in the
application area are average or above average in importance
to the job and almost all of them have a high utility ratio.
Those with low utility are very specific to the technological
environment and some may involve a high level of practice and
sophistication that is normally achieved on the job. Other
items have broader theoretical orientation but are more
efficiently learned on the job. The most outstanding feature
of this area, however, is the absolute concern of the job for

the training of management content.

Overlapping Area

This area is similar in scope to the job domain but
excludes the management items that are unique to the training
programs of the firms. Some items in this area are mainly
handled by the school and other items by the job. The trends
in the overlapping area are not as clear-cut as in the other
areas. The job is more effective in items considered above
average in importance to the job, particularly the skills
included in mechanical and industrial technology items. Some

skills learned mostly in the school have a specific and

practical orientation, but not as specific to the job as those

learned within the firms.



CHAPTER V
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

Summary

The purpose of this study was to develop a research
model that could be used to analyze the skills and knowledge
possessed by job incumbents of an occupation in a selected
technological area. The model was applied to a random sample
of forty mechanical technicians employed in maintenance,
operations and engineering activities by three petroleum
firms in Venezuela. The primary objective was to apply the
research model in exploring the skills and knowledge possessed
by these technicians, the contribution of the school and the
job in teaching them and the relative importance of their
skills and knowledge in their job performance.

A sort of 84 cards, containing a content item each,
was used in interviewing the technicians. The content of
the cards was drawn from an analysis of the school curricula
and the training programs conducted by the firms. Fifteen
immediate supervisors of the technicians were interviewed
and asked to provide task descriptions that were used to
identify content items learned through job rotation. The

content of the cards was classified according to two

44
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curriculum variables: (1) subject matter, and (2) human
performance requirements of the job.
Four questions, one at a time, were asked of the

job incumbents: (1) What content items have you learned?

(2) From the learned items, which ones were learned in

the school and which ones on the job? (3) From the learned

in the school items, which ones are important to your present

job performance? and (4) From a combined pile of items

learned in the school and important to job performance and

learned on the job, what is the relative importance of

these items? Each time, the technician read the cards

and organized them into piles according to the alternatives
to the questions.

Six analyses of variance tests were performed to
ascertain if the relatedness and importance assigned by
the technicians to the card sort could be attributed to
job demands or to school background, activity and firm
affiliation. The frequencies of responses to the four
questions of the card sort were organized and interpreted
through a four-dimensional matrix. This matrix allowed

a systems interpretation of the data.

Conclusions

The research model should prove to be an effective
tool for curriculum development and evaluation in occupational

education. The model is unique in the following features:

s
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(1) it includes specific content items from formal and
non-formal sources of training, (2) it is possible to study
a population of incumbents on the job thereby enabling the
researcher to trace any effect environmental variables may
have on the relatedness and importance assigned to the £
content items, and (3) it uses two curriculum content .1
classification systems that are independent of one another,
having clear meaning to the curriculum developer and the

technical teacher. After model application, the technical

rT-A LRI P

teacher may analyze the frequencies of responses to certain
items, subject matter groups or human performance requirements
of the job. The curriculum developer may profit from using
the matrix approach and obtain a systems interpretation of

the findings.

Future users of the model should consider its
limitations. It is evident to this researcher that the study
does not generate data to explore some aspects of curriculum
development like the general education component, the quality
of content acquisition, and the influence of affective con-
tent and cultural factors.

The data collected in relation to the application
of the model made it possible to analyze the skills and
knowledge possessed by the mechanical technicians, to
find out where they acquired them and the relative impor-
tance of these skills and knowledge to job performance.

It is evident from the data that there are three major
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curriculum areas of concern in the preparation of mechanical
technicians for the petroleum industry of Venezuela: (1)
the conceptual area, (2) the application area, and (3) the
overlapping area. The role of the school is unique in
relation to the conceptual area and the school participates
in teaching some of the content items in the application and
overlapping areas. Few items learned in the school are
above average in importance to the job, and only a relatively
small proportion of technicians considered them to be im-
portant to their jobs. Excepting some skills in the over-
lapping area, all items learned in the school have a broad
and general theoretical orientation.

The role of the job is unique in relation to the
management items, and almost unique in relation to all
other items in the application area. All items learned
on the job are considered above average in importance and
almost all of them were considered important by a relatively
high proportion of incumbents. All items classified as
management are learned by the technicians on the job.

The fact that a technician was affiliated with a
certain company had a significant effect on the importance
he assigned to the content items of the card sort. This
main effect of firms can be attributed to irregular sampling
and to differences between firms concerning training and
utilization of mechanical technicians. Irregular sampling

may originate in the distribution of incumbents within

‘
o,
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the companies. Only one of the firms employed mechanical
technicians as operators. They assigned less importance
to the mechanical technology items than did maintenance
and engineering technicians from the other firms. The
mechanical technicians employed in one of the firms had
only one type of school background and assigned greater
value to skills and related information requirements than
did those from the other type of school and the other two
firms. Concerning differential training and utilization
of technicians, those who received company training for
supervisory positions assigned greater value to the items
classified as management than did those who received training
for skill development and technological specialization.
No evidence was sought or observed that could be used to
relate the main firm effect to technological differences

between companies.

Recammendations

Any attempt to identify specific curriculum im-
plications based on the results of this study should re-
cognize the facts that there are certain limitations to be
considered and that the data generated by the model is only
one of various sources of information to be explored for
curriculum development. Then, only procedural recommendations
are considered pertinent and they are presented in relation

to the following aspects: (1) comprehensive research frame-
!

- )
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work, (2) model replications, and (3) curriculum

development processes.

Comprehensive Research Framework

It is recommended that the model should be applied
as a part of a group of projects directed to generate data
concerning crucial problems. The model will provide
information concerning learned cognitive and psychomotor
content, systems of learning and importance to the job
of learned content. Other research projects should
deal with (1) affective content and its relationship with
systems of learning and content importance to the job,

(2) influence of cultural factors in the importance and
relatedness assigned by job incumbents to the content items,
(3) quality of content acquisition and its relationships
with systems of learning and content importance, and (4)
cost-benefit analysis of certain combinations of formal

and non-formal education for the preparation of specified
groups of incumbents. Pooling these sources of information,
the curriculum developer may be able to attack the crucial
problems with a higher level of comprehensiveness.

Model Replications

Once it is accepted that the model should be applied
in a comprehensive research framework, consideration should
be given to how to apply the model in a larger scale. It

is recommended that the model should be used for a planned



50

analysis of several technological areas and occupations.

One possible enlargement would be to consider the standard
classification of economic activities and a finite group

of technologies as dimensions of a matrix. A sample of

firms within each economic activity and a sample of in-
cumbents across technologies within each firm can be selected.
This would provide answers to the curriculum questions of

the model along and across economic activities. Clusters

of skills and knowledge can be identified along and across
technologies, providing the basic information for the pre-

paration of a general technology curriculum.

Curriculum Development Processes

After obtaining a comprehensive array of data
concerning the crucial problems, the curriculum specialist
needs to establish a process so that the most effective
use of the information can be achieved. The following
steps should be considered:

1. Develop a set of implications for educational
policy concerning role definition between the school
and the job in the education and training of workers.
These implications should specify the areas of unique
and mutual concern, the general objectives of a
partnership between these sources of training and
specific guidelines concerning the operation of the

partnership.
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2. Encourage local discussion of the findings,
particularly those that can be derived from an atomistic
analysis of the data. Groups of teachers should be
motivated to introduce significant changes in their
content areas.

3. Develop curriculum models for certain technologies,
using the data obtained through iterative applications
of the research model along and across technologies

and economic activities. These curriculum models

should meet the following minimum requirements: (1)
define the roles of the school and the job in the
accomplishment of the curriculum objectives, (2)
identify the content elements of a general technology
curriculum with implications for vertical and horizontal
articulation, (3) discuss implications for methodology
based on content importance, utility, quality and costs,
(4) discuss cost-benefit implications, particularly
social and individual investments and returns, and (5)
provide guidelines for career development with im-
plications for guidance and counseling. These guide-
lines should emphasize improved development and utiliza-
tion of skilled and technical personnel within the

companies.
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CODE DESCRIPTION OF THE SAMPLE

APPENDIX A

Description

Number Code Code Code

01 Maintenance -refinery -industrial -

services. 1 1 1
02 Engineering -refinery -equipment

inspection. 3 1 2
03 Engineering -refinery -equipment

inspection. 3 1 2
04 Maintenance -refinery -mechanical '

services. 1 1 1
05 Maintenance -refinery -mechanical

services. 1 1 1
06 Maintenance -refinery -mechanical

services. 1 1 1
07 Maintenance -refinery -mechanical

services. 1 1 1
08 Maintenance -refinery -mechanical

services. 1 1 1
09 Maintenance -refinery -mechanical

services. 1 1 1
10 Maintenance -refinery -mechanical

services. 1 1 1
14 Maintenance -production -steam

plants. 1 2 2
15 Maintenance -production -instru-

ments. 1 2 1
16 Maintenance -production -work )

control 1 2 1
17 Maintenance -production -civil

construction -piping. 1 2 1
18 Maintenance -production -planning 1 2 2
19 Maintenance -production -planning 1 2 1
20 Operations -production -program-

ming 2 2 1
21 Operations - production - gas 2 2 2
22 Operations -production -program-

ming 2 2 2
23 Operations -production -service-

lake 2 2 2
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Appendix A (continued)

Technician Activity Activity Firm School
Number Description Code Code Code

24 Operations-production-program-

ming-water surface 2 2 1
25 Operations-production-program-

ming-water surface 2 2 1
26 Maintenance-production-balance

beams. 1 2 1
27 Operations-production-program-

ming-underground 2 2 1
28 Operations-production-1land

surface. 2 2 1
29 Operations-production-underground 2 2 1
30 Operations-production-steam lift 2 2 1
31 Maintenance-production-balance

beams. 1 2 1
32 Operations-production-land-

surface 2 2 1
33 Maintenance-production-planning 1 2 1
34 Engineering -production-

special projects 3 2 1
35 Engineering-production-special

projects 3 2 1
36 Engineer-equipment selection

and evaluation. 3 3 1
37 Engineering-equipment selection

and evaluation 3 3 1
38 Maintenance-gas operations- ,

instruments 1 3 1
39 Engineering-industrial gas-

piping 3 3 1
40 Maintenance-gas operations-

instruments 1 3 1
41 Engineering-domestic gas-

piping 3 3 1
42 Maintenance-gasoline service

stations. 1 3 1
43 Engineering-equipment selection

and evaluation 3 3 1

vl



APPENDIX B

CLASSIFICATION SYSTEMS OF THE INDEPENDENT VARIABLES
RELATED TO CURRICULUM CONTENT

. =F

I. Kind of Human Performance Required by the Job.

SKILLS: Hand, machine, mental

RELATED INFORMATION: Technical, social, operational,
occupational, economic, safety, hygiene, personal
standards, standards of occupational performance.

MEASUREMENT: Time, temperature, weight, volume, length,
width, depth, meters, instruments, systems of measure-
ment.

COMMUNICATIONS: Vocabulary, symbols, drawings, blueprints,
systems of communications, speech, language, maps.

SCIENCE: Physics, electrical and magnetic systems, power.
MATHEMATICS: Geometry, trigonometry, algebra, calculus.

.
N

II. Subject Classification

FLUIDS: Hydrodynamics, hydrostatics, fluid mechanics,
hydraulic engines, fluid power.

HEAT: Heat elements, thermodynamics, heat transfer,
internal and external combustion engines.

STRUCTURES: Statics, dynamics, cinematics, applied
mechanics, strength of materials, machine elements,
machine design, mechanisms.

MECHANICAL TECHNOLOGY: Materials, processes, lubrication,
metallurgy, production, drafting, blueprint reading,
corrosion, heat treating.

INDUSTRIAL TECHNOLOGY: Ventilation, refrigeration,
air conditioning, instrumentation, controls, automatic
systems, piping, petroleum production and refinery,
hygiene, safety.

MANAGEMENT: Labor, management, oréanization, technical
writing, computer applications.

MATHEMATICS AND SCIENCE: Optics, geometry, algebra, cal-
culus.

ELECTRICITY: Electrical and magnetic circuits, power
systems.
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APPENDIX D

CODE DESCRIPTION OF THE CARD SORT

‘Human

Card Performance Subject
Number Knowledge or Skill Content Code Code
01 To know basic hydrodynamic principles 5 1
02 To perform basic hydrodynamic

measurements. 3 1
03 To perform basic hydrostatic measure-

ments. 3 1
04 To perform density measurements. 3 1
05 To know basic principles and industrial

applications of fluid mechanics. 2 1
06 To repair rotative equipment. 1 1
07 To perform calculations related to the

design and maintenance of hydraulic

and pneumatic machinery. 1 1
08 To perform calorimetric measurements. 3 2
09 To know basic principles of combustion

engines. 2 2
10 To know specific principles of internal

combustion engines. 2 2
11 To perform thermodynamic measurements

and calculations. 1 2
12 To perform heat transfer measurements

and calculations. 1 2
13 To perform combustion measurements

and calculations. 1 2
14 To perform calculations related to

the design and maintenance of

internal combustion engines. 1 2
15 To perform calculations related to the

design and maintenance of steam

engines and turbines. 1 2
16 To perform calculations related to the

design and maintenance of steam

generators. 1 2
17 To solve dynamic problems. 5 3
18 To solve cinematic problems. ) 3
19 To analyze structural forces. 5 3
20 To analyze strength of machine

components. 1 3
21 To perform laboratory tests of metals;

to select steel and other metals for

specific construction purposes. 1 3
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Appendix D (continued)

Human

Card Performance Subject
Number Knowledge or Skill Content Code Code
22 To forecast and solve problems of

design in the production of

metallic components. 1 3
23 To design mechanical systems. 1 3
24 To analyze speed and acceleration

of mechanical systems. 1 3
25 To perform heat treating of metals. 1 4
26 To know basic principles of corrosion. 2 4
27 To diagnose mechanical surfaces that

are liable to be affected by corrosion. 1 4
28 To know basic principles of lubrication. 2 4
29 To solve lubrication problems. 1 4
30 To perform laboratory tests of lubricants. 1 4
31 To know the theoretical functioning of

diesel engines. 2 4
32 To repair and maintain diesel engines. 1 4
33 To know the theoretical functioning

of gasoline engines and automobiles. 2 4
34 To repair and maintain automobiles 1 4
35 To know basic principles of welding. 2 4
36 To weld and cut a variety of metals;

to design welding procedures. 1 4
37 To know basic procedures for steel

and non-steel casting. 2 4
38 To make models for casting; to prepare

casts; to operate casting equipment. 1 4
39 To know the theoretical functioning of '

machine tools. 2 4
40 To work on basic and special machine tools;

to perform accurate machine work

(*.002mm); to perform basic machine

tool calculations. 1 4
41 To interpret blueprints of mechanical

components; to draw mechanical

components. 4 4
42 To interpret blueprints of mechanical

systems; to draw mechanical systems;

to design tooling procedures. 4 4
43 To plan mass production procedures 1 4
44 To select raw materials, design or improve

production procedures using non-

metallic industrial materials. 1 4
45 To know basic principles of industrial

control and measurements. 3 5
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Appendix D (continued)

Card
Number

Performance

Knowledge or Skill Content

Human

Code

Subject
Code

46 To use non-electric measuring devices

47

48

49

50
51
53
54
55
56

57

59

60

61

62

To

To
To

To
To
To
To
To
To

To

To
To

To

To

To

To

for individual work; to decide on
appropriate tolerances for equip-
ment repairs; to calibrate non-
electric measuring instruments.
use non-electric measuring devices
for mass production work; to identify
sources of error in product control.
trouble-shoot, repair and calibrate
measuring instruments.
calculate piping dimensions; to inter-
pret piping blueprints; to design
piping lines; to develop piping
budgets.
develop optimum maintenance programs
of minimum costs.
operate planned maintenance systems.
supervise maintenance shop work.
analyze and solve quality control
problems.
perform refrigeration measurements and
calculations.
know basic environmental risks and
methods of prevention.
solve problems related to programming
0il production; to perform measure-
ments and calculations for production
programming.
know basic principles of oil refinery.
know basic supervision principles;
to solve supervision problems; to
diagnose training needs of personnel.
apply systematic procedures for problem
solving; to forecast problems and to
establish priorities.
know basic techniques for diagnosis and
solution of motivation and human
relations problems of workers.
solve problems of failures of inter-

personal communications; to communicate

effectively within the organizational
structure.
analyze the behavior of working groups,
to lead teams of workers; to train
workers.

N e e
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Appendix D (continued).

~ Human

Card Performance Subject
Number Knowledge or Skill Content Code Code
63 To apply work simplication methods;

to improve work planning and

resource utilization. 1 6
64 To determine optimum procedures for

work development; to develop work

specifications from basic data. 1 6
65 To analyze project activities; to estimate

time and costs for project development. 1 6
66 To know basic principles of enterprise

organization. 2 6
67 To know basic financial principles for

non-financial supervisory personnel. 2 6
68 To interpret financial statements of the

enterprise; to develop feasibility

studies for setting-up small or middle

size industries. 1 6
69 To analyze work procedures for specific

production problems; to establish

production and maintenance procedures

and levels of output. 1 6
70 To use data retrieval systems; to interpret

technical data from the computer. 4 6
71 To develop technical reports. 4 6
72 To know basic labor laws, unionism and

collective negotiation. 2 6
73 To know basic principles of physical

optics. 5 7
74 To solve basic geometric problems. 6 7
75 To solve problems of analytical and space

geometry. 6 7
76 To solve trigonometric problems. 6 7
77 To solve problems of basic algebra. 6 7
78 To solve problems of higher algebra. 6 7
79 To solve problems of infinite calculus. 6 7
80 To solve problems of advanced calculus. 6 7
81 To know basic principles of electricity

and magnetism. 5 8
82 To perform basic electrical measurements

and calculations. 3 8
83 To perform electrical measurements and

calculations related to the

maintenance and test of transformers

and electric motors. 3 8
84 To interpret blueprints of electrical

installations; to diagnose problems
and maintain electrical installations. 1 8

-
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POPULATION AND SAMPLE RELATIONSHIPS

APPENDIX E

Technician's Activities Firm
Maintenance Operations Engineering Totals
(Code 1) (Code 2) (Code 3)
Firm 1
Population 17 - 2 19
Sample 8 - 2 10
Percent 47 - 100 55.5
Firm 2
Population 17 19 2 38
Sample 9 11 2 22
Percent 53 52.6 100 58
Firm 3
Population 3 - 5 8
Sample 3 - 5 8
Percent 100 - 100 100
Activity
Totals
Population 37 19 9 65
Sample 20 11 9 40
Percent 54.5 52.6 100 61.5
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