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FOREWORD

This research and development was conducted in support of Advanced Development
Task Area Z1176-PN.03 (Improved Performance through Instruction in "A" School Related
Basic Skills) under the sponsorship of the Chief of Naval Operations (Manpower, Personnel
and Training) OP-01. The contracting officer's technical representive for this effort was

Dr. Meryl Baker.

Appreciation is expressed to Antoinette Curione and Elaine Tostevin for their
assistance in this effort.

JAMES 3. REGAN

JAMES F. KELLY, JR.
Technical Director

Commanding Ofticer
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SUMMARY

Probiem

The Navy Is finding it increasingly difficult to attract personnel with aptitude scores
high enough to make them eligible for entry into Class "A" technical schoals. Unless this
situstion is remedied, the Navy will not have enough technically trained personnel to
sccompiish its mission.

Objective

The objective of this effort was to develop training courses for low aptitude students
that would increase their mastery of the prerequisite skills and knowledge (S/Ks) they
would need for success in selected Class "A" schools. The schools were to cover four
training areas  (strands)--Propulsion Engineering (PE), Operations (OPS),
Administrative/Clerical (A/C), and Electricity ronics (E/E).

Approach

This effort was conducted in two separate but overlapplng phases. The first phase
was designed to determine which S/Ks should be taught. his was carried out by
identifying S/Ks that were prerequisites for success in the selected Class "A* schools and
by testing a sample of "A" school-eligible and "A" school-ineligible recruits to find out
how many of these S/Ks they possessed. The test results were then analyzed to determine
which S/Ks should be taught in each course.

The second phase involved the development and administration of four JOBS courses.
Materials developed for each course included a student guide, an instructor guide,
supporting training and testing materials, and a set of evaluation tests to measure the
effectiveness of each course. The courses were administered to Navy enlisted personnel
who were ineligible for entry into Class "A" schools. Evaluation tests were administered
before and after their JOBS training.

Findings

1. Analysis of the evaluation test scores showed that the students had increased
their mastery of selected basic S/Ks as a result of JOBS training. Precourse/postcourse
differences in mean peroentages of students attaining criterion were: PE, 47 percent;
OPS, 43 percent; and A/C, 36 percent. (Postcourse scores for E/E are not available yet.)

2. Ewvaluation test results indicated that students made relatively greater gains in
comprehension of technical terms than in mathematics. On literacy items, pre-
course/postcourse differences in mean pernentages correct were: PE, 36 percent; OPS, 34
percent; and A/C, 66 percent. On mathematics items, these differences were 28, 44, and
11 percent, respectively.

Conclusions

1. Programs of instruction can be developed that will increase selected basic S/Ks
of lower aptitude Navy personnel.

2. Test scores indicated that students gained more in the comprehemion of
technical terms than in mathematics.
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Recommendations

1. Close contact should be established between the course developers and the "A"
schools so that JOBS courses can be more finely tuned to the needs of the students.

2. Provisions should be made to enable course developers to observe the conduct of
instruction in JOBS classrooms,

3. JOBS courses should not be developed for complex, highly technical subjects
unless instructors with demonstrated knowledge and experience in the subject matter are
awilable.

4. The format of the instructor guide should be modified to eliminate the student
activity column and to present all material vertically.

3. Overhead transparencies should not be used except in those instances where
drawing or writing on the board would require too much artistic skill or time.
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INTRODUCTION

Problem

Many Navy recruits cannot enter Class "A" technical schools because their scores on
the Armed Services Vocational Aptitude Battery (ASVAB) are below the minimum
standards established for entrance into these schools. Because of the Navy's continuing
requirement for capable technical personnel, there is an urgent need to find ways of
training low aptitude perscnnel for technical jobs. One solution would be to develop
special training courses to increase their mastery of the prerequisite skills and knowledge
(S/Ks) needed for success in Class "A" schools. {f these courses were successful, they
would enable some lower aptitude recruits to successfully complete Navy technical
schools, thereby alleviating part of the Navy's current personnel shortage.

Objective

The objective of this effort was to develop courses of instruction that would enable
lower aptitude personnel to increase their mastery of selected basic 5/Ks enough to
permit them to enter and complete Class "A" schools in four training areas (strands)
Propulsion Engineering (PE), Operations (OPS), Administrative/Clerical (A/C), and Elec-
tricity/Electronics (E/E). The courses were to teach S/Ks that were prerequisites to the
follow-on Class "A" schools, not to improve the general aptitude of the students.

Background

Current projections indicate that the manpower pool from which the Navy draws its
recruits will shrink in the 1980s and 1990s. Coupled with the predictions of declining
numbers are recent reports of declines in the academic skills of this pool. Regardiess of
current debates about which skills have declined and what actions are needed to remedy
the situation, the net result is that the Navy will be increasingly forced to use lower
aptitude personnel in more complex and demanding jobs.

One solution would be to corract these skill deficiencies through instructional
programs that would teach lower aptitude recruits the "A" school prerequisites they
appeared to lack. If there were a subsequent increase in the S/Ks of personnel completing
these programs, such personnel would then be able to enter and, presumably, complete
selected technical training courses. The Navy could in this way partially satisfy its
requirements for technically trained individuals.

The idea that training in basic skills should be job-oriented is not new (Duffy, Carter,
Fletcher, & Aiken, 1975; Sticht, 1975). However, most earlier efforts have focused on
reading (Aiken, Dufty, & Nugent, 1977; Duffy, 1976; Sticht, 1970; Sticht, Caylor, Kern, &
Fox, 1971). Previous research has emphasized the heavy literacy requirements of military
schools and jobs, and the relatively poor reading ability of typical students and jobholders.
As a result, job-oriented programs to improve the reading ability of military personnel
were developed and have subsequently been described by Duffy et al. {1975) and developed
by Sticht (1975) and by Huff, Sticht, Joyner, Groff, and Burkett (1977). Since each of
these programs was to some degree successful, the job-oriented concept was adopted for

the Navy's prerequisite skills program.

JOBS training refers to job-oriented basic skills instruction designed to deveiop the
prerequisite skills that are required to complete initial job training. Although the
instruction may superficially resemble simplified job training, it is more correctly an
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attempt to increase S/Ks that will be generalizable to a variety of learning and
performance situations.

APPROACH

This effort was conducted in two separate but overlapping phases. The first phase
was designed to determine which S$/Ks should be taught in each course. This was carried
out by identifying the S/Ks that were prerequisites for success in the selected "A" schools
and by testing a sample of recruits to find out how many of these skills they possessed.
The test results were then analyzed to determine which $/Ks to teach in each course.

The second phase involved the development and administration of the four courses.
At NAVPERSRANDCEN's direction, the PE course was developed first, followed in order
by ccurses for OPS, A/C, and E/E. Work was often in progress, however, on more than
one strand. The courses were developed in accordance with established instructional
systems development (ISD) procedures,! and each course included student guides (SGs),
instructor guices (IGs), supporting training and testing materials, and a set of evaluation
tests to measure the effectiveness of each course.

The courses were administered to students who were ineligible for entry into the
selected "A" schools. Evaluation tests were administered to students before and after
their JOBS training.

Throughout this report, the S/Ks needed to perform a task, the lessons needed to
learn the $/Ks, and the task itself, are given the same name. Thus, lesson number 4.0 in
the A/C course, the S/Ks taught in lesson 4.0, and the "A" school task that lesson 4.0
prepares the student to perform, are all entitled “solve a word problem involving arcs."

DETERMINING COURSE CONTENT

This scction outlines the procedures used to determine the content of the four JOBS
courses. More detailed descriptions, and copies of many of the items described here, are

provided in The Training Requirements Analysis and Objectives Report (TRAOR) prepared
4

for each strand.

Content Selection Sequence

The procedures used to produce the TRAOR were similar for each course:
e The prerequisites far success in Class "A" schools were identified.

e The entry level S/Ks possessed by JOBS-qualified (JQ) and school-qualified (SQ)
personnel were identified.

e The S/Ks to be taught were selected.

'Procedures for Instructional Systems Development, NAVEDTRA 110,
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e The selected S/Ks were organized into lessons and the lessons were placed in
modules.

e Learning hierarchies were developed for the lessons.
o Objective sheets with sample test items were prepared for each lesson.

e Data collected to this point were incorporated into a TRAOR, and the TRAOR
was reviewed by NAVPERSRANDCEN.

Identifying Prerequisites for Success in Class "A" Schools

The S/Ks that students should have before entering a Class "A" school were identified

by examining each school's training materials and by interviewing both faculty and

i students. Each school provided a set of training materials, including training objectives,
lesson materials, study materials, references, and tests.

The focus of both the interviews and the examination of course materials was on
identifying S/Ks that were needed out not taught in Class "A" schools, or that were taught
but were difficult to learn. Interviews were conducted with students who were having
difficulty with the training as well as with those who were not having difficulty. Faculty
members who were interviewed included instructors, course administrators, and school
administrators. The interviews were conducted at Class "A'" schools in Great Lakes,
1linois (PE and OPS strands); Orlando, Florida (OPS strand); Merldxan, Mississipi (A/C
strand); and San Diego, California (E/E strard).

For the PE strand, two methods of analyzing the training material and interview data
were tried. The first method, focusing primarily on an analysis of the training materials,
sought to identify the total set of tasks performed by the student while in Class "A"
school. This effort resuli~ 1, the generation of hundreds of task statements, such as:

e IDENTIFY resources for learning in the PE "A" school, given a description of the
resource and how to assess each resource.

® DEFINE "hexagonal," given a passage that contains a word that is explained by
the other statements that precede or follow it.

® CONTRAST the two types of high pressure valves to determine which parts have
the same purpose, given a verbal explanation,

N Attempts were made to organize these statements into a taxonomy but these efforts H

S proved unproductive, and the approach was set aside. A taxonomy might have been y

: possible, but the need to move forward in the development of the four courses prompted a
shift to a second approach.

The second approach used the same data sources as before. After examining the
training materials, the course developers hypothesized tentative sets of prerequisite S/Ks
directly from analyses of training materials and interviews, with plans to verify or refute
these prerequisites later, based on preassessment data. Examples of tentative task
statements and skills include:

: e Find information in a table.
\ e Add numbers.
) @ Read a setting on a micrometer,
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e Comprehend a written passage.
e Solve word problems.

Identifying Skills and Knowledge Possessed by JOBS-Qualified Personnel

The previous step identified the types of S/Ks that appeared to be essential for
success in Class "A" school. It also identified which of these essential S/Ks were either
not taught, or were taught with great difficulty, in Class "A" schools. The next step was
to determine the extent to which JQs possessed these S/Ks. Determination of entry level
characteristics of JQs was accomplished by administering a preassessment battery to
samples of men in the apprenticeship program at the Naval Training Center, San Diego,
California.

Content of Preassessment Batteries

On the basis of information gained from examining training materials and conducting
interviews, test items were constructed for inclusion in preassessment batteries for each
strand (each TRAOR contains a copy of the corresponding preassessment battery). All
test items were multiple choice. The test items fell into four categories: technical
terms, reading, mathematics, and miscellaneous.

Technical Terms and Their Associated Concepts. Each strand has its own termin-
ology and students must have, or acquire, some familiarity with these terms before they
can understand the material taught in the corresponding Class "A" school. Terins that
appeared frequently in the training materials and that were judged likely to be unfamiliar
to JQs, or which were judged to be inadequately defined in the training materials were
included in the preassessment batteries. The PE, OPS, A/C, and E/E preassessment tests
included, respectively, 90, 170, 18C, and 180 terms,

Reading. Reading demands are particularly heavy in the A/C strand, where students
are required to use standard publications. Reading requirements are also heavy in strands
that make extensive use of programmed instruction materials.

A somewhat specialized requirement is the ability to read or interpret information
found in tables, charts, diagrams, schematics, or graphs. This includes using conversion
tables and reading disgrams and schematics (PE); using indexes and tables of contents
(AC); reading time zone charts and high low water charts (OPS); and interpreting graphs
of waveforms (E/E). Each preassessment hattery contained test items tailored to the
reading requirements of the strand.

Mathematics. All schools reported that stiadents had difficulty performing mathe-
matical operations. The types and the difficulty of mathematics items prepared for
preassessment batteries varied markedly. Items for the A/C strand were word problems
requiring only addition, subtraction, multiplication, and division. At the other extreme,
the preassessment test for the E/E strand included items covering signed numbers, squares
and square roots, formulas, scientific notation, and trigonometric functions. Mathematics
items for PE and OPS fell between these two extremes.

Miscellaneous. Miscellaneous items included reading measuring instruments (PE),
filling out fcrms (OPS and A/C), and working with metric prefixes (E/E%.
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Organization of Preassessment Batterics

Because of the large number of items covered, it was necessary to divide the
preassessment batteries into parts, each part requiring 1 to 2 hours to complete.
{Preassessment battery tests are listed in Table A<3 of the Appendix.)

Administration of Preassessment Bateries

The preassessment batteries were administered to 539 men in the apprenticeship
program at Navai Training Center, San Diego, during 1979 and 1980. Subjects were
divided into two comparison groups for each test battery. The "A" school qualified group
(SQs; N = 291) had ASVAB scores high enough to make them eligible for entrance into one
of the Class "A" schools covered by the battery; the JOBS-qualified group (JQs; N = 248)
had ASYAB scores too low for entrance into a Class "A" school.

The selection of the ASVAB cut-off scores used to separate the subjects into the SQ
and JQ groups was influenced by the availability of personnel. To secure reasonable
samples, these cut-off scores were slightly different, by t | or 2 points, from the cut-off
scores set) by the "A" schools {the ASVAB cut-off scores used in this work are listed in
Table A-1).

Analysis of Preassessment Battery Results

The results of the preassessment batteries were described in detail in the TRAORS.
Briefly stated, four patterns emerged:

e As was expected, the prevalent pattern was for SQs to perform better than JQs.
For example, in the A/C strand, 75 percent of the SQs, but only 37 percent of the JQs,
knew the definition of "requisition." In the E/E strand, 82 percent of the SQs, but only 50
percent of the JQs, could identify the square roct of the number 1296.

e Both groups did very well on some items. Approximately 90 parcent of both the
JQs and the SQs in the OPS strand, for example, were able to add and subtract whole
numbers.

e Both groups did very poorly on other items. Only 18 percent of both JQs and SQs
in the E/E strand, for example, were able to identify the adjacent side of a given angle in
a right triangle.

e There were a few instances where JQs performed better than SQs. This was
probably due to random error.

Selecting the Skills and Knowledge to be Taught

The results of the preassessment battery provided the basis for the selection of most
of the S/Ks included in JOBS. The selection algorithm provided by NAVPERSRANDCEN
is shown on Figure 1. AnS/K was included if it met either of the following criteria:

e It was not taught in Class "A" school and 50 percent or less of the JQs could
answer the corresponding test item correctly.

e It was taught in Class "A" school, but 50 percent or less of the SQs could answer
the tes: item correctly. The difference between the percentage of SQs and JQs answering
the test item correctly had to be at least |5 percent,

..
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Legend:
JQ = JOBS quaiitied
SQ = Class "A" school qualified
S/K =  Skill/Knowledge

Figure 1. Algorithm for selection of training content for 8 JOBS course (typical).

JERIY SN

— e )




gy p . ey

e

h ]

TR ey
é
Yo - nn.w-vrmfl‘;“ ’

I ey g s ey 4 o gy v g e

S - o

[

1

i

1t should be noted that the selection criteria provided for the inclusion of S/Ks taught
in the Class "A" schools only when these were shown to be particularly difficult even for

the SQs.

When more than one test item was neaded to measure proficiency on a particular
S/K, the selection criteria were applied to the item cluster rather than to a single
question. Detailed descriptions of the selection procedure and of the S/Ks selected can be
found in the TRAORsS.

There were three important qualifications to the S/K selection procedure: the length
of each course, the need for typing skills, and the inclusion of independent study.

Length of Courses

NAVPERSRANDCEN indicated that 4 weeks should be utilized for the PE, OPS, and
A/C courses, and 8 weeks for the E/E course. These time constraints influenced decisions
to include or exclude those marginal S/Ks that were slightly above or below the selection
criteria.

Typing

It was not feasible to include typing in the A/C preassessment battery, even though
the examination of training materials had revealed that typing was a major component of
A/C training. Moreover, both students and faculty had recommended that the A/C course
include typing. For these reasons, typing instruction was included in the JOBS program
for the A/C strand even though it was not an item on the A/C preassessment battery.
Students reccived one week of a commercially prepared typing program after they had
completed the academic portion of the JOBS program.

Independent Study

The independent study approach requires the student to sperd a considerable amount
of class time working on his own, with relatively little assistance from instructors.
Interviews revealed that most students in Class "A" schools were dissatisfied with this
unfamiliar teacning method, especially those who were having difficulty, While
independent study items were not included on the preassessment battery, it was decided
to include some training in independent study in each JOBS course,

Placing Selected Skills and Knowledge into Modules

The S/Ks selected for inclusion in JOBS courses were grouped into modules and the
modules were arranged in tentative learning sequences. (Table A-6 provides a complete
list of the .elected $/Ks, by module.) Some S/Ks were relevant to more than strand. For
example, the Decimal Numbers/Whole Numbers module subsumed eight S/Ks, six of which
were taught in more than one course (see Table A-6).

Developing Learning Hierarchies Within Modules

Within each module, the S/Ks were arranged in a hierarchy map to indicate the
teaching sequence (Figure 2). The module’s terminal task, or objective, was placed at the
top of the map, and the supporting or enabling S/Ks were arranged below it in a proposed
learning sequence. Horizontal broken lines were drawn above and below the module
hierarchy map. S/Xs that the student was assumed to possess prior to entering JOBS
training, and S/Ks taught in earlier modules, were shown below the bottom line.

H.___ e e e
. B




The Class "A" school tasks for which the JOBS-taught S/Ks were prerequisites were shown
above the top line.

t
; * USE INDEX [N AOMIN/CLERICAL
: "A® SCHOOL PUBLICATIONS
!: ”; -----------------------------------------
i
t
!

; 2.0 FIND RELEVANT PAGE,
' PARAGRAPH, OR SECTION IN
ADMIN/CLERICAL PUBLICATIONS

o 2.1 ALPHABETIZE 2.2 LOCATE KEY WORDS 2.3 IOENTIFY KEY
1 : KEY WO’NS IN PROGLEM WORD EQUIVALENTS
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b
t
o
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A ENTRY LEVEL - = = = - - == - = - - - = - SRR
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- READING GRADE LEVEL
% 6.3
A
v “ f
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Figure 2. Module hierarchy map for A/C strand (typical).
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Certain S/Ks could not be taught without first teaching other prerequisite S/Ks.
These prerequisite S/Ks were added to module hierarchy maps, when necessary, even
though they had not been covered in a preassessment test.

Preparing Objective Sheets for Each Lesson

An objective sheet was prepared for each lesson on the module map. This sheet
contained a formaliy stated objective for the lesson, one or more sample test items, the
Instructional Quality Inventory (IQI) (Ellis & Wulfeck, 1978) classification of the objective,
and the estimated amount of instructional time that would be required to attain the
objective. Figure 3 shows two examples of objective sheets prepared for the A/C strand;
copies of all objective sheets can be found in the TRAORsS.

Training Requirements Analysis and Objectives Reports (TRAORs)

As consequences of reviews the following changes were made to draft TRAORs:

Modules were dropped, added, and resequenced.

Lessons within modules ‘were dropped, added, and resequenced.
Statements of objectives were reworded.

Requests for further analysis of Class "A" school materials were made,
Anticipated instructional time was reassigned.

The format of testing was modified.

Segment Specification Document (SSD)

The second deliverable prepared for each strand was the SSD. The Module
Specifications and Lesson Specifications contained in the SSDs provided a transition
between the somewhat general specifications contained in the TRAOR and the very
detailed course materials developed in the second phase of the JOBS effort. As
consequences of reviews, various elements of the SSDs were added, deleted, changed, or
resequenced. Since changes were incorporated into the ccurse materials directly, rather
than into the SSDs themselves, no final versions of the SSDs were produced. Figures A-1
and A-2 are sample lesson and module specification sheets from the OPS SSD.
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OBVECTIVE: 2.0 Given an Agmintstrative/Clarical prodliea situstion and Ingex fres
an Admintstrative/Clerfcal publication, locate the page, para*
greph. or section fn the pudblication which contains infores-
tion that will solve the prodlem. The standard 1s SOK.

SAIPLE TEST ITEM:
2.0 Yeu Mave been told by your superior that he wishes to send a letter to & per
son and wants to enclose & document 1n the letter. Unfortunetaly, the docu®

et (s teo big to fit in the envalope and will be sent in & separste snve~
Tope.

On what page and paragreph 1nmﬁamw~1nmﬂm guidance
on how to say this vhen you prepare siter

Angwyr: Page VI-2, Persgraph 14

1Q1 CLASSIFICATION: Use rule - unsided
ANTICIPATED INSTRUCTIONAL TIME: 6 hours

ORJECTIVE: 2.1 Given five Adainistrative/Clarical terms arvenged in rendes or
Sar, arrange the teres in Alphabetical order. The standard s
ax.

SAMPLE TEST ITEN:

2.1 Balow are five words. Put theo in alphabetical order by putting a 1, 2, ),
4, or 3 in front of each word.

{4) envelope

(1) enclosure

3 endorsement
(O] sxnidit

21 anclosure line

1Q1 CLASSIFICATION: Use rule - unaided

ANTICIPATED INSTRUCTIOMAL TIME: 23 hours

Figure 3. Lesson sheets for A/C strand (typical).
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COURSE DEVELOPMENT
The major areas of interest in the course development phase were:

The course development sequence.

The course components (deliverables).

The strategy for teaching technical terms.

The implementation of the four JOBS programs of instruction (courses).

Course Development Sequence

The course development sequence was as follows:

¢ Draft versions of all course components were prepared.

e The drafts were revised and resubmitted as the preliminary final versions.
® The courses were implemented.

e Comments were received from JOBS instructors and classroom observers.
o The results of the postcourse and progress tests were analyzed.

® A revisions report was submitted describing the revisions to be made and the
rationale for these changes.

® Revisions were made to the courses, resulting in the revised courseware draft
version.

® Revised courseware drafts were submitted to NAVPERSRANDCEN for review.

® Revised courseware finals were prepared,

o Final courses were implemented.

A shortage of eligible students delayed revision of the initial draft course material
for the E/E strand. NAVPERSRANDCEN undertook this task, however, and a final version
of the E/E curriculum is now available.

Deliverabies

Nearly 10,000 pages of textual material ard over 2400 other items were prepared for

JOBS, exclusive of reports, drafts, and preliminary versions. The major deliverables

produced were as follows:

e Curriculum outlines prepared for each course stated the number of hours
allocated to each lesson and presented a suggested schedule.

11
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. e Instructor guides (IGs, Figure A-?7) prepared for each module gave instructors
step-by-step instructions for conducting all lessons.

e A demonstration guide was prepared to assist the E/E instructors in making the
complex demonstrations required in the E/E course.

e Student guides (SGs, Figure A-6) prepared for each module gave step-by-step
instructions for performing the skills presented in each lesson.

e Practice exercises (Figures A-8, A-9, A-17, and A-18) gave the students practice
‘ performing the S/Ks presented in each lesson.

e Supplementary exercises (Figure A-10) were provided in the PE, OPS, and A/C
courses 1o enrich training on terms.

e Progress tests (Figure A-16) were designed to measure the student's mastery of
the material presented in each lesson.

e Remediation exercises were given in the evening. to students who failed progress
tests.

¢ Remediation tests were administered to students at the end of remediation
training.

e Overhead transparencies (Figures A-3 and A-4) were the main type of training
aid used in the JOBS courses.

e Lesson summaries containing the step-by-step procedures from the SGs were
given to the students for use as references in their Class "A" school.

Other Training Aids

In the PE, OPS, and E/E courses, instructors were required to conduct a number of
demonstrations. The equipment needed for these demonstrations was part of each course.
Students in the A/C course were required to use three publications, the Bureau of Naval
Personnej Manual, the Afloat Supply Procedures Manual, and the Correspondence Manual.
The A7C course included a copy of each of these manuals for each student. A set of
specially prepared cards were provided for practice in alphabetizing.

el JED' ot thuhi 1

Evaluation Tests

Three forms of an evaluation test were prepared for each JOBS course, one form to
be administered prior to the start of training, another to be administered at the
completion of training, and a third to be administered several months later. (Thus far,
only the first and second forms have been used.) These tests were designed to measure
changes in proficiency resulting from JOBS training and to measure the extent to which
these changes were maintained over time. B

SEL S Lo Abie aait g

A concerted effort was made to ensure that the forms were equivalent. A pool of

: test items for each objective was developed. The course developers, with assistance from
subject matter experts, reviewed all items critically and made any adjustments they felt

necessary. Test items were then assigned to the three forms at random. The course

developers had intended to assess the equivalence and reliability of the three tests, but

12
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changes in project requirements and priorities mandated that these two aspects of test
development be delayed.

A Rerort on Procedure and Rationale

A report entitled "Procedure and Rationale for the Design of Evaluation Test" was
prepared for each course. These reports provide the rationale ior the construction of the
evaluation tests and the design of test items.

Manuals

Two manuals were developed. The first, entitled Manual of Instructions for
Administering and Scoring the JOBS Evaluation Test, was prepared to provide guidance to
test administrators. Included were the answers to each test item and forms for recording
test results. The second, entitled An Orientation Manual for the Job-oriented Basic Skills
(JOBS) Program Instructor, was designed to prepare personnel to be JOBS instructors. It
included topics such as:

Nature of mastery learning.

Role of the instructor in the evaluation process.
Responding to student performance.

Special problems in teaching lower aptitude students.
Format of material in JOBS programs.

All instructors were required to read the orientation manual and take the self-tests
contained therein before starting their instructional duties.

Strategy for Teaching Technical Terms

Training on terminology was a major component of each course; the time devoted to
them in the PE, OPS, A/C, and E/E strands was, respectively, 60, 38, 33, and 35 percent
of the instructional time available.

As was noted earlier, previous research indicated that a major factor affecting
performance in a technical school is the student's familiarity with the technical terms
used in the school. Based upon these findings, test items concerned with terms were
included on the preassessment battery; those that met the selection criteria were included
in the four JOBS courses,

The selected technical terms were divided into clusters on the basis of their
meanings. The clusters were divided into convenient groupings (segments) of 9 or 10
terms and two lessons were developed for each cluster. The first lesson taught definitions
and gave examples of all of the words in the cluster. The second lesson taught
comprehension of materials containing the newly-learned terms. In the first lesson, the
students:

e Studied definitions and examples of each term in the first segment.
@ Took practice and supplementary exercises.

e Read a "relationship" passage and answered questions about it.

o Generated sentences using the newly learned terms.
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e Studied a diagram/summary of terms.
e Repeated the above sequence with the terms in the next segment.

e When all segments in the cluster had been completed, took the progress test for
first lesson.

The number of class sessions required to complete the first lesson would vary with
the number of segments in the cluster. In the second lesson the student:

e Studied "comprehension passages."
e Completed practice exercises.
e Took progress test for second lesson.

Because of the somewhat innovative approach to teaching technical terms, a more
detailed discussion of the strategy for teaching them is presented in the appendix.

Implementation of the JOBS Program of Instruction (Courses)

Beginning in 1979, the four JOBS courses were implemented at the Naval Training
Center, San Diego. The instructors were civilians employed by the San Diego Community
College District, under contract with NAVPERSRANDCEN. To gain detailed information
about the implementation, NAVPERSRANDCEN employed a number of university students
as classroom observers. Using course materials as guides, they observed classroom
activities and recommended improvements. Table 1 lists the numbers of studants enrolled
in each strand from the dates training began through June 1980.

Table |
JOBS Training Conducted as of June 1980

Date JOBS Approximate
JOoBS Training Number of Number of
Program Began Classes Students
PE July 1979 19 234
OPS Nov 1979 12 115
A/C Jan 1980 11 113
E/E Apr 1980 2 24
RESULTS

Analyses of pre- and postcourse scores on the evaluation tests for the PE, OPS, and
A/C courses showed that students increased their mastery of basic S/Ks as a result of
JOBS training. Differences in mean percentages of students attaining criterion were:
PE, 47 percent; OPS, 43 percent; and A/C, 65 percent. These scores are based on
implementation of the "preliminary final" version of each oourse and test,
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not upon the "revised courseware tinal" versions. Pre- and postcourse Jifferences on the
revised versions should be even greater since the revised versions are presumed to be
superior to the earlier ones. The numbers of students attaining criterion on the pre- and
postco irse tests are summarized in Table 2.

Table 2
Evaluation Test Results for PE, OPS, and A/C Strands

Percentages of Studegts

Attaining Criterion
Stcand Precourse Postcourse Increase N
(%) (%) (%)
PE 37 84 47 57
OPS 28 71 43 940>
A/C 18 74 56 28

3Criterion was specified in the formal statements of objectives for the four courses.

bCircumstances prevented some OPS students from completing both pre- and postcourse
tests.

Two important areas in each JOBS program were technical terms and mathematics.
All test items that assessed comprehension of terms were combined and the mean pre-
and postcourse scores were then compared. The same procedure was followed for mathe-
matics. Somewhat greater gains were found in the comprehension of terms and written
pas;sages than in mathematics. (The improvements in these two areas are shown in Table
3.

Table 3

Cornparison of Improvements in Comprehension of Terms
and Mathematics

Mean Percentages Correct

Strand and Area Precourse "Postcourse Difference
(%) (%) (%)

PE Terms and Concepts 36 92 36

PE Mathematics 59 87 28

OPS Terms and Concepts 26 80 54

OPS Mathematics 36 80 44

A/C Terms and Concepts 16 82 66

A/C Mathematics 50 61 11
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A complete evaluation of the JOBS program, including performance and attrition/loss
rates of JOBS students in JOBS courses, in "A" schools, and in the fleet, has been
conducted by NAVPERSRANDCEN (Baker & Huff, in press).

PROBLEMS ENCOUNTERED AND LESSONS LEARNED

Timing of Revisions

Rigid adherence to the instructional systems development (ISD) cycle was not always
feasible, While the ISD cycle acknowledges the need to make revisions aftec initial
program implementation, the JOBS experience indicated a frequent need for revisions
during the development process. Specifically, it was not possible to generate objectives
that would not subsequently need to be modified. In practice it was found that writers
freg.cntly identitied omissions and/or contradictions in the objectives that they were
attempting to follow. To provide complete instruction, it was often necessary to
introduce student activities that required the specification of new objectives. The
attempt to develop course tests simultaneously with, or prior to, program development
was often frustrating and counterproductive; too often it was necessary to eliminate test
items because of changes in objectives, Lastly, the objective writer cannot anticipate the
problems a lesson writer may have to solve to account for variations in student
backgrounds or instructor abilities.

Adherence to Segment Specification Document (SSD) Requirements

The development staff frequently encountered problems that could best be resolved
by deviating from the specifications found in the SSD. These deviations included making
changes in the clustering of tasks into modules, the sequencing of modules, the
arrangement of tasks within a module (the learning hierarchy), the training objectives, the
generality, and the format of test items.

Instructor Qualifications and the Complexity of Instructional Materials

A requirement to prepare instructional materjals that could be used by relatively
inexperienced instructors necessitated the preparation of extremely detailed IGs.
especially in the E/E course. It was necessary, for example, to prepare a special
demonstration guide for the E/E instructor to follow, step by step, when demonstrating
certain basic phenomena to students. While this guide was useful, neither it nor the 1G
can possibly anticipate all of the questions that students may ask. Even experienced
personnel often have difficulty explaining E/E concepts such as capacitive reactance.

In short, when the subject matter to be taught is extremely complex and technical, as
it is in E/E, the use of a an inexperienced instructor may be counterproductive.

Interaction Between the Course Davelopers, Instructors, and Observers

The absence of regular contact between the JOBS instructors and the course
developers was probably detrimental to the effort. If time had been available for writers
to observe the conduct of instruction, insights into student and instructor interactions
might have improved the quality of the materials prepared. As it was, writers obtained
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information about their output some weeks or months after producing it. Even then, the
feedback was second- and third-hand.

f‘f Use of Overhead Transparencies

i It is wasteful to use transparencies to display relatively simple concepts like
! circularity, parallelism, perpendicularity, etc. It would be better for the instructor to
; illustrate such concepts on the board, or to find examples of them in the classroom. 1t is
( often worthwhile to display long passages or core information such as statements of rulss
! or definitions of new concepts. In these cases, use of overhead transparencies reljeves
i the instructor from writing on the board, and it saves student time. Also, while the
3 "generalities" are available in the 5Gs, it is preferred that the student's attention be on
f the instructor rather than partly on the instructor and partly on the SG. Nonetheless, in
light of the cost of transparencies, the writer should consider carefully whether a given
transparency is essential.

Format of Instructor Guide (1G)

Navy specifications call for a three-column format for the major portion of the IG.
The three cclumns are entitled Outline of !nstruction, Instructor Activity, and Student
Activity. (A sample page from an 1G is shown in Figure A-7). The Student Activity
column contains little signiiicant information and much of the information it does contain
can be inferred from the Instructor Activity column, since student activities are usually
prompted by instructor activity. The three columr. format, printed horizontally on the
page, with most of the information massed in the narrow center column, made use of the
1G unnecessarily difficult. This format also required the instructor to periodically tuen
the 1G, which was quite bulky, from horizontal to vertical and then back again.

Role of Student Guide (SG)

The SG was designed to be used for self-paced instruction, should the Navy decide to
convert the JOBS programs to the self-study approach. NAVEDTRA 110 provides general
guidelines for using SGs, but it does not specify how they should be used in an instructor-
led, group-paced program such as JOBS.

When technical terms were being taught, the students made full use of their SG. In
" these lessons, the students were directed to follow along in their SG as the instructor
conducted the class, and the SG was fully integrated into the instruction.

3 k In all other lessons, with a few minor exceptions, the SGs were used primarily for
E reviewing material presented by the instructor. The students read module and lesson
' overviews at the start of the lesson, attended to the material presented by the instructor,

! then returned to the SG, reading and working through the examples. Practice exercises i
. were taken after the student had been given time to review, in the SG, the material just .
presented.

In practice, there was considerable deviation from the model just described. In
addition to reading the overviews at the start of the lesson, students kept their SGs open
during the entire lesson, and, to varying degrees, shifted their attention between their SG
and the instructor. Since the SGs and the IGs did not "track" on a one-to-one basis, and
since the examples cited in the SG were always different from those used by the
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instructor, some confusion was inevitable. This state of affairs resulted from two factors:
first, lack of instructor insistence that the SGs be used as specified in the 1G; second, the
fact that lessons on terms and concepts always preceded other lessons, thus setting a
precedent for having students use their SG throughout the entire lesson.

Instructor's Adnerence to Specifications in Instructor Guide

The IGs contained detailed specifications for conducting JOBS classes, and classroom
observers alerted astructors who failed to adhere to these specifications. Despite these
precautions, there is reason to believe that, to varying degrees, instructors deviated from
IG specifications, either modifying or entirely omitting certain activities, or inserting
activities not specified in the IG.

CONCL USIONS

The following conclusions are based on the implementation and evaluation of JOBS
courses for the PE, OPS, and A/C strands. No evaluation results were available for E/E.

e Courses of instruction can be developed that will improve selected basic S/Ks of
lower aptitude Navy personnel.

e JOBS training can enable many students with low ASVAB scores to complete
Class "A" school training. It is assumed that these students could not have completed an
"A" school without their JOBS training.

o Students gained more in the comprehension of technical terms and passages than
in mathematics.

RECOMMENDATIONS

The following recommendations are based on the results of the development and
implementation of the four JOBS courses:

e Close contact should be established and maintained between the course develop-
ers and "A" schools so that JOBS courses can be more finely tuned to the needs of the

students,

o Provisions should be made to enable course developers to observe the conduct of
instruction in JOBS classrooms.

o JOBS courses should not be developed for complex, highly technical subjects
unless instructors with experience in the subject matter are available.

e The student activity column of the IG should be removed, and all materiai on the
IG should be presented vertically on the page. Student activities that warrant special
attention, or that cannot be inferred from the information in the instructor activity
column, can be presented in a box on the page.

e Overhead transparencies should not be used except in those instances where
drawing or writing on the board would require too much artistic skill or time.
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SUPPLEMENTARY INFORMATION IN ALPHABETICAL ORDER
ASVAB Cutoff Scores

The cutoff scores used to select candidates for admission to ejther a Class "A" school
or a JOBS course are listed in Table A-1

Table A-}

e,

ASVAB Cutoff Scores for Admission to JOBS or an "A" School

R IR TR wqwa\;ﬂ',:‘m"m“

ASYAB Cutoff Scores

ASVAB JoBs "A" School
Strand Subtests Qualification Qualification

s

Propulsion Engineering MK + Al Under % 9 or higher
Operations WK + AR Under 97 94 or higher
Administrative/Clerical WK + AR Under 99 99 or higher

Electricity/Electronics MK + El + a
H GE + AR 190-224% 225 or higher

3A minimum score (190) was set for selection as a JOBS-qualified subject for the E/E
strand. No minimum scores were set for JOBS-qualfied sukjects for the other strands.

Legend:

}

E MK = Mathematical Knowledge El Electronics Information
; Al = Automotive Information GS = General Science
. WK
i Lessons Prepared

nn

Work Knowledge AR = Arithmetic Reasoning |

The lessons prepared for JOBS are listed in Table A-2. Lessons that are otherwise
identical may have different lesson numbers, depending upon the course in which they are

taught. For example, the lesson entitled "Add Numbers" is taught in PE Lesson 4.4, OPS
Lesson 3.1, and A/C Lesson 3.1,

-
.
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Table A-2
Lessons Prepared for each Program of Instruction

Module Title Lesson Number
Lesson/Skill or Knowledge/Task PE oPs A/C E/E

{ ; Decimal Numbers/Whole Numbers

Add numbers 8.4 31 31
1 Subtract numbers 4.5 3.1 3.2
: Multiply numbers - il 33
| § Divide numbers - 3.1 4
Compute a percent by division - - 3.4
Compute a percent by multiplication - - 3
| Solve word problems involving

decimals and whole numbers 4.6 - 3.0
i Compute an average - 3.2 3.0

Decimal centages

Definition/examples of decimal

m.lhbefs b.lololcl Jclolnlol
Definition/examples of percentages - -
Label place values in decimal

numbers 8.1.1.1 1.1 - -
Write word equivalents of decimal

numbers 6.1.1 3.1.1 - -
Write digit equivalents of orally

statad decimal numbers §.1.2 3.1.2 - -
Convert fractions to decimal

niambers mathematically 8.2 - - 3.4
Convert fractions to decimal

numbers using a table 4.3 - - -
Conver( decimal numbers to

percentages - - 3.4 31
Convert percentages to decimal

nmu“ — - 3.3 302
Convert decimal numbers to

fractions
Round off decimal numbers

Fractions

Definition/examples of key terms
Raduce fractions to lowest terms
Add fractions
Subtract fractions
' [ Multiply fractions

; Divide fractions
Solve math word problems

involving fractions
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Table A-2 (Continued)

Module Title
Lesson/Skill or Knowledge/Task

Lesson Number

PE

oPs

A/C

E/E

Transferring Key Information from
Table tc Form

Locate key information in a table

Locate key information on a form

Transter key information from
table to form

Responding to Programmed Instruction

Match component names with
descriptive statements

Select an appropriate study strategy

Respond to programmed instruction

Comprehension of Propulsion Engineering
Materials

Definitions and examples of key
terms related to energy

Comprehension of propulsion
engineering material related to
energy

Definitions and examples of key
terms related to measurement

Comprehension of propulsion
engineering material related to
measurement

Detinitions and examples of key
terms related to components

Comprehension of propulsion
engineerion material related to
cormponents

Definitions and examples of key
terms related to maintenance

Comprehension of propulsion
engineering material related to
maintenance

Comprehension of QM/OS Material

Definitions and examples of key
terms related to measurement
Comprehension of QM/OS material

related to measurement
Definitions and examples of key
terms related to geometry
Comprehension of QM/OS5 material
related to geometry

\l‘\l\l
O N -

6.1.1

6.1
6.2.1

6.2
6.3.1

6.3
6' a. l

6.4

-
—
-

3.1
3.2

5.0

6.1
6.2
6.0

2.1.1
2.1
2.2.1
2.2

4.1
4.2
4.0

12,1
12.2
12,0

_.mmw‘.‘..n“_.mh‘ -
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Table A-2 (Continued)
Module Title ———— Lesson Number
Lesson/Skill or Knowledge/Task PE OPS A/C E/E

Comprehension of QM/OS Material
"_——LL——

Definitions and examples of key

terms related to navigation - 2.3.1 - - 3
Comprehension of QM/OS material i
related to navigation - 2.3 - -
Definitions and examples of key
terms related to relative motion - 2.4.1 - -
! Comprehension of QM/OS material
‘ related to relative motion - 2.4 - -

Comprehension of A/C Material
Detinitions and examples of key

i : terms related to directives - - 1.1.1 - :
; ' Comprehension of A/C material
, related to directives - - 1.1 - .
i Definitions and examples of key :
: ; terms related to correspondence - - 1.2.1 -
Comprehension of A/C material ,
related to correspondence - - 1.2 - i

Detinitions and examples of key
o terms related to codes, ships, g
i and supplies - - 131 - ;
bl Comprehension of A/C material :
L related to codes, ships, and !
' supplies -

Signed Numbers

l
[ )
L d
™
|

S

] Definitions/examples of key terms - - - 1.1.1
;| Add signed numbers - - - 1.1 -
4 Subtract signed numbers - - - 1.2 1
- Muitiply signed numbers - - - 1.3
1 ; Divide signed numbers - - - 1.4
2 Multiple operations with signed
AT numbers - - - 1.0

T Locate Key Information in a Diagram
R ; Identity components in a diagram 2.1 - - -

o Find path of flow In a diagram 2.2 - - -
L o Locate Key Information in a Schematic
E ' Identify components in a schematic 3.1 - - -

Find path of flow In a schematic 3.2
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Table A-2 (Continued)
Module Title Lesson Number
L Lesson/Skill or Knowledge/Task PE OFS A/C E/E
res/Square Roots
Definition/examples of key terms - - - 4.1.1
{ r Calculate squares of numbers - - - 4.1
Calculate square roots of numbers - - ~ 4.2
i Solve math problems involvin
pro g
I squares and square roots - - - 4.0
[ Scientific Notation
Definitions/examples of key terms - - - 5.1.1.1
Conversion of standard notation to
' scientific notation - - - S.1.1
: Conversion of scientific notation
to standard notation - - - 5.1.2
Addition in scientific notation - - - 5.1
Subtraction in scientific notation - - - 5.2
; Multiplication in scientific notation - - - 3.3
{ Division in scientific notation - - - 5.4
; Square roots in scientific notation - - - 5.5
Multiple operation problems in
1 scientific notation - - - 5.0
Solving Word Problems Using Formulas
Definition/examples of variables - 3.3.1 - -
1 Solve formulas for a specified
variable - 3.3 - -
Select units of measurement for
h speed, distance, and time - 3.4.1 -~ -
' Substitute data in a formula - 3.4 - -
N Solve word problems using formulas - 3.0 - -
\ Metric Prefixes
f Match metric prefixes and powers
; of ten — - - 6.1.1
; Convert units of measure within
the metric system - - - 6.1.2 [
Add using metric prefixes - - - 6.1 i
Subtract using metric prefixes - - - 6.2 :
Multiply using metric prefixes - - - 6.3 !
Divide using metric prefixes - - - 6.4 i
Perform multiple operations using :
metric prefixes - - - 6.0 !
Formulas and Variationa! Analysis
Addition and subtraction in formulas - - - 7.1.1.1.1
Multiplication and division - - - 7.1.1.2

~p e e
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Table A-2 (Continued)
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Module Title Lesson Number
Lesson/Skill or Knowledge/Task PE OPS A/C E/E

NPTV G

1 Formulas and Variational Analvsis
{Continued)

Squares in formulas

Square roots in formulas

Reciprocal formulas

Product over sum formulas

f Formulas requiring a combination
of operations

Current flow in a schematic

Formulas and variational analysis

I I
!
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Solving Word Problems Involving Arcs

f pwpenn

Select units of measurement for arcs - 4.1.1.1 - -
¢ Convert among degrees, minutes, and

seconds - 4.1.1 -
Convert degrees and minutes to
i decimal form 4.1.2
: Convert decimal form to degrees and
4 minutes
’ Add arcs
Subtract arcs
Solve a word problem involving arcs

Graphs

Find the value of a point on a

plotted line - - - 8.1
Determine a trend represented by

a plotted line - - - 8.2
Determine a relationship represented

by a plotted line - -- - 8.3

Covarying Relationships

!
|
!

4.1.3
4.1
4.2
4.0

U
I
U

Table representations of covarying |
relationships - - - 9.1

Graph representations of covarying
relationships - - - 9.2

Formula representations of covarying -
relationships - - - 9.3

Trigonometry

Definitions and examples of key terms - - - 10.1.1.1
Solve for unknown sides of right

triangles - - - 10.1
Solve for unknown angels of right

triangles - - -~ 10.2

A-6




Table A-2 (Continued)

Module Title _Lesson Number
Lesson/Skill or Knowledge/Task PE OoPS A/C E/E

Take Notes from an Oral Presentation
or Written Passage

Identify the definition of a main

idea and supporting ideas - 1.1.1.1 -
Write the main idea of a paragraph - 1.1.1 -
Identity the definition of a

supporting idea - i.1.2.1 -
List the supporting ideas of 2

paragraph - 1.1.2 -

List the main ideas and supporting
ideas in the correct form for

note taking - 1.1 -
Write the main ideas and supporting
ideas in a brief, concise manner - 1.2 -

Find Information in Administrative/
Clerical Publications

Find information in extract from

A/C publications - - 2.1
Alphabetize key words - - 2.2.1
Find relevant page, paragraph,

or article nvmber in A/C publica-

tion index -~ - 2.2
Find information in publications - - 2.0

Read Micrometers

Convert sleeve tick marks to numbers
and words 5.1.1 - .-
Convert thimble tick marks to
numbers and words 5.1.2 .- -
Add sleeve and thimble values 5.1 -

Follow Independent Study Procedures
Identify components of lesson

assignment - - 4.1
Select an appropriate study strategy - - 4.2
Follow independent study procedures

and complete "A" school lesson

assignments - -- 4.0

bl Ghe o coandon et
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Table A-2 (Continued) 3

Module Title Lesson Number
Lesson/Skill or Knowledge/Task PE oPS A/C E/E

Comprehension of Materials Related
to Electriatx and Electronics
{ Detinitions and examples of non-
technical terms - - - 11.1.1
Comprehension of E/E materials
containing non-technical terms - - - 1l1.1
: Definitions and examples of key terms
I related to electricity - - - I1.2.1
: Comprehension of E/E materials
: containing electricity terms - - - 11.2 1
Vo Definitions and examples of key terms
- related to electronics - - - 11.3.1
i Comprehension of E/E materials
containing electronics terms - - - 11.3

i Al b e A O e <'hod e s
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Lesson Specification

A Lesson Specification sheet was prepared for each lesson (Figure A-1). The Lesson
Title, Lesson Number, Instructional Time, and Lesson Objective were identical to those
stated in TRAOR. The "generality” passage was the first of two new elements introduced
in the research and development process. The "generality" was a clear statement of the
steps that must be performed by the student in order to accomplish the lasson's objective.
When the objective of the lesson was to recognize or write the definition of a term, the
"generality" was the definition rather than a set of procedural steps.

The "Special Teaching Points" passage was the second new element introduced in the
research and development process. It consisted of special points of information that the
researchers felt were important but could not conveniently be included within the
generality. Not all Lesson Specification sheets contained "Special Teaching Points."

Sample test items, with answers, were included in the Lesson Specification sheets.
They were similar to, but not identical with, the sample test items in the TRAOR.

Module Specification

A Module Specification sheet was prepared for every module (Figure A-2). The
Module Title and Module Number were identical to those stated in the TRAOR. The
Introduction provided the rationale for including the material in the course.

Overhead Transparencies

Figures A-3 and A-4 are examples of overhead transparencies developed for JOBS.

Practice Exercises

Each lesson in the SG contained practice exercises of various types: fill-in, multiple
choice, matching, constructed response, and true/false. Students made all entries on
separate sheets of paper distributed by the instructor, rather than writing in the SGs
themselves. Students were allowed to refer to their SGs, and to receive help from their
instructor, when completing the practice exercises. The IG contained the same exercises,
with the answers shown. Examples of practice exercises are shown on pages A-21, A-22,
and A-34,

P <sessment Batteries

tests in each Preassessment Battery, and the numbers of items on each test, are
.e A3,

2xamples of terms included on the preassessment batteries are listed below.

Propulsion Administrative/ Electricity/
Engineering Operations Clerical Electronics
flange simultaneous concur diligence
calibrate vector in lieu of dielectric
inertia meridians requisition watt
A-9
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2 LESSON SPECIFICATION
§

LESSON TITLE: >0lving word Problems Involving Arcs

-t

LESSON NUMBER: 4.0

INSTRUCTIDNAL TIME: 3.5 hours

DATE PREPARED: 17 August 1979

LESSON OBJECTIVE:

w—r
A ke s o ol Kl k- ad AL D A A

Given & word problem involving arcs, solve the probles using the appropriate
mathematical operation, converting where required. Four out of five ftems must be
correct.

GENERALITY:

To solve prodlems involving 4rcs, use the following steps:

M aihas o R b aaen WA e AL i i ek 8 1

-~

1. Determine the mathematical operation required.
2, Decide {f the arcs are expretsed in the same units and convert grcs to Same
units 1f necessary.
3, Line up the numbers correctly.
4. Perform the operation.
1 5. Put answer in form asked for. ]
! i
!
o SAMPLE TEST 1TEMS: :
f;i 1. what Is the sum of one arc oi 16% 33° 17~ and another src of 15° 12* 1377 1
. —_
= : 2. What is the final arc length if an arc of S0° 15° 30 1s reduced by 10° 10' 157
- l N
o .
"~ . ,!
sd '?
L] . 1
% [ I‘
’ |
1
| |
; 1

Figure A-1. Lesson specification for OPS strand (typical).
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MOOULE SPECIFICATION

MODULE TITLE: Solve & Word Prodles Involving Arcs

MODULE NUMBER: 4.0

INSTRUCTIONAL TIME: 16 hours (1includes 3.5 hours practice)

DATE PREPARED: 17 August 1979

INTRODUCTION:

This module contains seven objectives, including the terminal objective.
The purpose of this module s to instruct JOBS students in fundamenta) math
sk11ls related to working with arcs. Adding and subtracting degrees {s used

regularly in QM “A" Schoo) for setting up navigational charts and is used in

0S “A" School for setting up a circular screan. Adding and subtrycting degrees
15 8150 necessary 1n charting direction and distance traveled to determine where

your ship s located in relation to whare it i3 ordered. Converting arc measures

to decimals and vice versa is used in "A" School whenever degrees are broken
dowm into minutes and seconds or in converting seconds to degrees or minutes.

As indicated by the pre-assessment test, JOBS-qualified students performed

poorly on converting arc measures {x = 193) and poor'y on adding and subtracting

degrees (x = 50%).

Figure A-2. Module specification for OPS strand (typical).
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©
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AN} !

Figure A-3. Overhead projection designed to compare different but related concepts
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Figure A-4. Overhead projection designed to illustrate PE concepts (typical).
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Table A-3

Preassessment Battery Tests

Number of
Battery Test Title Items in Test

PE Scales/Math/Visuals/Literacy 36
PE Vocabulary and Tables 96
OPS Functiona] Literacy 46
oPs Basic Science Concepts: A 95
OPS Basic Science Concepts: B 95
OPS Basic Mathematics 70

A/C Basic Concepts: A 90
A/C Basic Concepts: B 9%
A/C Using Publication 47
A/C Filling out Forms/Computations 20
E/E Mathematics: Phasel 63
E/E Concepts and Relationships: Phase | 87
E/E Mathematics: Phase Il 132
E/E Concepts and Relationships: Phase Il 224

The numbers of subjects given the preassessment batteries are listed in Table A-4.

Programmed Instruction

Programmed instruction for the PE, OPS, and E/E strands followed the conventional
format: the student was given bits of information, responded to a question, and then
received immediate feedback by comparing his answer with that given in the text. There
was an important difference, however, in the way programmed instructions were
presented in the A/C strand. The A/C students were not given feedback until they had
answered a series of questions. When the feedback occurred, it was given by the
instructor, and the students learned only that their answers had been correct or incorrect.

Progress Tests

Each lesson contained a progress test designed to measure the student's mastery of
the material presented in the lesson. The progress test was distributed by the instructor,
and the students could not refer to their SGs when taking the test. The IG contained
copies of all progress tests, with answers. The format of the progress tests was similar to

that of the practice exercises. Pages A-30 and A-31 show pages from a typical progress
testl

A-14
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Table A-4

Numbers of Subjects Given Preassessment Batteries

Number of Subjectsa

Preassessment JOBS "A" School

Battery/Strand Qualified Qualified
Propulsion Engineering 57 124
Operations 4 52
Administrative/Clerical 98 60
Electricity/Electronics 49 55
Totals 248 29!

3sincs not all subjects took all parts of the preassessment battery for
their particular strand, the N for any particular part of a preassess-
ment battery was usually less than that shown in the table.

Remediation Exercises and Tests

The formats of the remediation exercises and tests were similar to those used for
practice exercises and progress tests. Copies of the remediation exercises, with answers,
were included in the IGs.

Revisions Reports

After the preliminary courses had been implemented, revisions reports were prepared
for the PE, OPS, and A/C courses. Each revisions report explained the revision
philosophy, the general revisions across the course, and the specific revisions by lesson.
The philosophy stated that changes would be made on the basis of (1) previously agreed-
upon modifications, (2) analysis of student performance on all progress tests and
postcourse tests, and {3) comments from instructors and classroom obser vers.

The general revisions section lisied broad categories such as "provide greater variety
in testing format," "provide more than five test items for progress tests," or "use proper
terminology when referring to a naval vessel." Dy far the largest section of each report,
however, dealt with specific revisions. These changes were reported by lesson title and
included identification of the problem, data source, extent of revision, and the rationale
for making or not making the suggested revision. Figure A-5 is a sample page from a
revisions report.
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Lesson 4.1 Converting Fractions to Decimals Using a Chart

1.  “Perhaps 4.1.2 should be made prerequisite to 4.1 or gt the very least,
reducing of multiples of 2 should be coverad in 4.1 since fractions at
Towest terms are required to use the chart.*

a. Data Source: NPROC review comments to Reviston Report, 22 Janusry 80.

b. Extent of Revisfon: The material in lesson 4.2 will be taught prior
to 4.1, in other words the lessons will be reversed.

c. Rationale: After discussion with NPRDC (5 February 80), 1t was de-
cided that the solution to this problem could best be found dy
revising the teaching order of Lessons 4.1 and 4.2, Further, the
above comment was made in response to & t: nographical error (4.1.2
instead of 4.2) in the Draft Revisions Report.

2. “"Need expanded section on reducing fractions. More practice ftems.”
s. Data Source: NPRDC letter 1 November 79

b. Extent of Revisfon: An expanded section on reducing fractions will
be included under Step 2 of the Generality.

¢. Rationale: Teacher input, via NPRDC, indicates that the revision
1s necessary.

3. "Neeg section on recognizing improper . uctions.”
8. Data Source: NPROC letter of 1 November 79
b. Extent of Revision: None

¢. Ratfonale: JOBS instruction reflects "A" School instruction in
that it provides prerequisites. MNorking with fractions is a part
of JOBS because students will be using machinists scales in "A"
School. A machinists scale will never give a reading that is an
improper fraction because it measures parts of a whole number.
Therefore, improper fractions should not be dealt with in JOBS
since they will not be encountered in "A" School.

4. “Need section on how students can check the accuracy of their work."
a. Data Source: NPRDC letter 1 November 79
b. Extant of Revision: A section will be included after all steps of
the generality have been presented. This section will teach stu-
dents to chect their work through mathematical conversion of a
fraction to a decimal.

c. Rationale: Teacher input, via NPROC, indicates that the revision is
necessary.

Figure A-5. Page from a revisions report (typical).
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Student Guide (SG)

The SG included examples showing the student how to perform tasks covered in each
lesson. The SG's examples were always different from those in the IG. The SGs used in
the PE, OPS, and A/C courses contained glossaries of the technicai terms found in the
corresponding Class "A" school materials. These glossaries, which the students took with
them to Class "A" schools, included far more terms than were taught in the JOBS
program.

Students were directed to read and work through the examples in their SG after the
instructors had completed their instruction. The SG could be used by students to preview
or review a class or to make up an instructor-conducted class that they missed. Only
practice exercises were included in the SG. Supplementary exercises, progress tests,
remediation exercises, and remediation tests were distributed by the instructor.

Supplementary Exercises

The supplementary exercises prepared for PE, OPS, and A/C focused on taaching
terms and took the form of crossword puzzles, syllable scrambles, and word trees.
(Supplementary exercises were not prepared for the E/E course because of time
limitations.) The exercises were administered after the students had completed the
practice exercises but before they had taken the progress test for the lesson. Sample
pages from a supplementary exercise are shown on pages A-23 and A-24.

Terms Taught in the PE Course

Table A-5 lists the technical terms taught in the PE course. Similar lists were
prepared for the other strands.

Strategy for Teaching Technical Terms: First Lesson

Two lessons were prepared for each cluster of terms. In the first lesson, students
were given definitions, examples, non-examples, and alternate forms of terms in the
segment being taught. The significance of each term was explained and the students were
required to generate examples of the term's usage (Figures A-6 and A-7).

After receiving instruction, the student performed practice exercises. The first part
of each practice exercise required the student to match a list of terms with a list of
definitions (Figure A-8). The second part required the student to match the list of terms
with a list of unencountered examples (Figure A-9),

After receiving a critique on the Practice Exercise, the student completed the
supplementary cxercises (Figures A-10 and A-11). After receiving a critique on the
supplementary exercises, the student read a simple passage, the "relationship" passage,
that integrated all of the terms in the segment (Figure A-12).

After they had read the "relationship” passage, the instructor questioned the students
and then directed them to generate sentences using terms found in the passage. The IGs
in<;luded sample questions to be asked and sample sentences to be generated (Figure A-
13).

The final phase in teaching each segment was the diagram/summary (Figure A-14).
this was a visual representation showing the relationship between the terms found in the
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Table A-5
Terms Taught in the PE Course

Cluster Segment | Segment 2
l Cnergy molecule gravity
energy centrifugal force
heat suction
dissipate inertia
discharge potential energy
convection leverage
radlation kinetic energy '
thermal energy torque .
volatile hydraulic pressure A
|| Measurement atmospheric pressure diameter
vacuum equivalent
PSIG graduation
absolute pressure increment
fluctuation linear
BTU calibrate
revolution tolerance
RPM parameter
viscosity volume
i Components cylinder fitting
reciprocate right angle
linkage flange
throttle offset
propulsion junction
casing seal
auxiliary gasket
rotary bygass
shim alloy
ballast bimetallic :
chemically stable w
v Maintenance deteriorate solution
corrosion impurities
alignment contaminated
vibration filter ,
friction sediment :
abrasion residue “
erosion brackish
bind bilge
deaerate rupture

seepage
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A1l substances in the world are made up of molecyleg - from the tinfast mut on
4 diese] engine to the largest alrcraft cm-qor. ggm\,- are 50 small that
they cannot even be seen through most micrascopes.

MOLECULE

saallest particle of matter (containing more than oae
atom] that still has the same physical charsctaristics
of that matter

Examples of MOLECULE:

i. The A reicle of r consists of 2 atoms
of nErogon .5 i atom of oxygen.

2. The En,ﬁ b1t of S‘#” dioxide consists of 1 stom
of carbon atoms of oxygen.

e 1 MACOAL OF CAMBOR OIOR IR (CDy)

MORE_EXAMPLES:

Figure A-6. Page from student guide (typical).
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OUTLING OF lwsTRUCTION

INSTRMCTOR ACTIVSTY

STUERT ACTIVITY

'l
i

a. )atrodction

LA T rm ey e

TR

b. Cefinition

c. Ensmple

IR
1. Explanstion/Desonstration
A lestruction - Segment |
1. Motecule MOLECWLE

Explain that averything, fros the
saallest grain of sand to an air
craft carrier, is oade wp of
noltecules.

lshzo students vead Gefinitien in

SMALLEST PARTICLE OF MATTER (CON-
TAINING MORE THAN OME ATOM) THAY
STILL HAS THE SAME PHYSICAL CMAR-
ACTERISTICS OF THAT MATTER

Show O 6.1.1 A (leave on screen).

Explain that CCLQ the foraula

for carvon teirachloride, asans 4
atoms of chlortne, and 1 atoe of
carbon. This makes up one molecule
of carbon tetrechleride.

Explain that uzo. the foraula

for water, ssans 2 stoms hydre-
gen, and | atom of oxygen. This
askat up one aolecule of water.

Watch board/)isten/proncunce word.

Watch boara and tisten.

QUTLING OF INSTRUCYION

INSTRUCTOR ACTIVITY

STUDENT ACTEVITY

d. Mon-example

e. Student generated
sxanple/synonymn/

sentence

Refer Lo OM 6.1.1 A.

Reaind student thst molecules ore
asde up of ATONS and that the ATOMS
combing with sach other to sake
solacules.

Explain that a drcp of water, &
grain of salt, and a particle of
gat each contain mfdl{ons of aolse-
cules.

Explain that solacules and atoss
cannot be steen with the naked eys
but can be seen with special aic-
roscopes.

Explain that thars are 92 different
kinds of natursl atoms in the uni-
verse, and that there sre t0se san-
adde atoms.

Encoursge students tn come wp with
thair own exnamples. Oiscuss the
appropristenass and direct thea to
writs in their $.G.

satch board and listen,

Jomr exsmples, discuss and write
exsmples in 5.G

qyarage

v

'
H
1
i
¢
L
Iy
[ 4
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Figure A-7. Pages from instructor guide (typical).
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PRACTICE EXERCISE 6.1.1
Segment 1: Definitions

Directions: Match the terms and definitions by placing the letter of sach
term naxt to the correct definition. Nots that there are two
sore tares than there are dafinitions, Two of the teras will
not be used.

Definitions Terwms
1. the transfer of heat by waves or rays in a
strafght line from a source
a. conduction
— 2. smallest particle of matter (containing
more than one atom) that 3till has the b. convection
same physical characteristics of that
nstter c. discharge
3. the capacity for doing work or producing d. dissipata
= an effect
. eneryy
4. enargy associated with the motion of
molecules f. heat
S. to scatter; to disperss; to make dis- g. molecule
appear
h. pressure
6. the ease with which & 1iquid evaporates
{. radiation
7. to throw off; to send out under pressure
or by force J. thermal energy
8. energy found in heat, becauss of k. volatile
the rapid movement of moleculet
9. the transfer of heat by the vertical circy-

lation of molecules in a 1iquid or gas

Figure A-8. Practice exercise, definitions, from student guide (typical).
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PRACTICE EXERCISE 6.1.1
Segment [: Exemples
Directiong: Match tho terms and examples b{oplactnq the letter of each term

next to the correct axample. te thit there are two more tarmg
than there are examples. Two of the terms will not be used.

PART 1
Dxamples Terng
1. the capacity of ¢ turdbing to drive a. conduction

4 ship

b. convection
2. the temperature ingide the oven fin

the main galley c. discharge
3. forcing exhaust gases out of an d. energy
engine
e. flammgble

4. waves Of hedt leaving & sun iemp

f. heat
S. the heating of watar on & stove
9. rediation
PART 2
Examples Ye
1. s0dium chloride: NaCl, consisting a4. centrifygal force
of i atom of 300 um and | atom of
chloride D. convection
2. kerosene evaporating on the deck c. dissipate
3. When col1¢ water {5 mized with hot d. molecule
- water, the cold water becomes hotter.
e. suction

4. 3 geyser in Yellowstone Park

f. thermal energy
S. heat rising from a kitchen stove

9. volatile

Figure A-9. Practice exercise, unencountered examples, from student guide (typical).
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SUPPLEMENTARY EXERCISE 6.1.)
: ‘ Sepsent |
N Crossword Putzle
Dirsctions: Fill in the crossword puzzle below.

s i e flnd &L ot st Nt

] : QRPARITAR 1 ]e]v

40id) ;
; > 1
4 g ,

[} 4
V) € !
Q) |« H
[N i
: sipivJsisliielafe '

: [V
| . 1
i L] 1
§ i
P ACROSS Y] ]
R 1 ! 1. to throw off; to send out 1. the transfer of heat by the vartical j
"r . X under pressure or by forca circulation of molecules 1n a liquid ]
14 : 2.  the transfer of haat by or sas ;
. : waves in a straight line |
B! from a source 2. the capacity for doing work or producing ‘
i an effect 1
| ) 3. smallest particle of matter (containing :
j 3 '"':9’ ':’“:‘“‘: :"‘" the ®ore then one atom) that still hys the ’,
'y motion of molecule same physical charactaristics of that ]
, satter i
!' i
‘j 4 energy Toynd in heat because i
. of the rapid movement of 4. the sase with which liguid evaporates {
’ : molecules o
- ! i ) to scatter; to disperse; to ‘ 1
= i make dirappear i
I 1
b | ;
L {
- i 4
! i
i
| .
Figure A-10. Supplementary exercise, crossword puzzle, from student guide (typicai). i

o
- y—
"

E A-23

il




gi

R AR L S

AT AeF IR AT T TRt AR L

v APt v—r'm
4

v e

SUPPLEMENTARY EXERCISE 6.1.)

Segment |
Syllable Scramdle

| Oirections: Unscramble the sylladbles of the words and writs the word on the

! 1. tior-vec-con

2. htae

3. aal-ther ner-e-gy

' 4. pate-si-dis

§. er-an-qy

6. a-tile-vol
. 7. s-di-ra-tion
1
) 8. charge-dis

9. le-mo-cule

1ine next to the definition.

the transfer of heat by the _coguection
vertical circulation of mol-

ecules in 3 1iquid or gas

energy associated with the beat
sovement of molecules

enerqy found in heat becavse _ tharmal ensrgy
of the rapid movement of mol-

cules

to scatter; to disperss: to diasioats
sake disappear

the capscity for doing work _gnerqy
or producing an effece

the ease with which liquid yolagile
evaporates

the transfer of hast by wives _radiption

or rays in & straight line
from the source

to throw off; to send out discharge
under pressure or by force

smallest particle of matter mliecyle
(containing more than one
atom) that still has the same
physica) charactaristics

of that matter

Figure A-11. Supplementary exercise, syllable scramble, from student guide (typical).
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Bagt 409 Its Uses

The teres related to heat and 1ts uses, which you just lsarned 1n this lesson,

will halp you in PE “A" School when studying about the mpin engine, the boilers,
and many of the other parts of the ship that give it power.

. sopesew R

A1) substances are made uwp of aglecules. Whan thesa molacules @ove arounad,

two TAINGS occur: heat is produced, and this heat, 1n turn, crestes snergy.

| It 1s energy that powers ships.

.

In orcer for heat energy (therma! anergy) to De used effectivaly, 1L sust bDe
trancferred from one source to another. Thers ars thres ways {n which this
occurs: by convection, radiation, and conduction. These three types of heat
trangfor can Do explaiiag by veing the same example. For instence, 1f you
ware to touch a boller digcherging stess, you would feel hast by means of

[

genduction. 1f you ware to hald your hand ons foot away fres the boiler,

your Mnd would becoms warm because of rediation. If vou were to fesl heat

while standing twenty feet away fros the Dofler, that would be an example of

nvgction.

Whan heat i3 transferred, some dissipation always occurs. In other words, an
object being hosted is never as hot as the object which {s heating ft.

H NeaL has 108 very interesting effects on certain substances. Weter normally
AN goes not evaporates vary quickly. [f you wers to put twe pass of water side by
$1de, 1t would take quite a while for them to evaporsts. Therefore, you can
! 18y that water 13 not very volatile. rowsver, 1f you wars to heat one of the
b | pans of water to the boiling point, the water 1n that pan would evaporate auch
aore quickly than the vater in the outer pan. Therefore, you cin say Lhat

ji heat increases tre volatility of & sudstance.

Figure A-12. Relationship passage found in the student and instructor guides (typical).
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Oult INE OF INSTRUCTION

INSTRUCTOR ACTIVITY

STUDENT ACTIVITY

€. Relationship Passege

Segasnt |
1. Content
3. Key words

Explain Lhat now the students will
study the Relationship Passage for
Segment 1.

Explain that the relationship pas-
s40e uies Lhe taras which they have
Just learned and show how these
terms fit together.

Explain that studying this passege
will help them resssber how to use
these terms and prepere thea for
the more difficult passages which
cons {a the next lassen In this
cluster.

Direct students to turn to $.G.
pege6-21.

Direct students to follow along as
you or selected students read the
passage aloud.

Direct swudents to 1dentify, circle,
and state sloud, key words found in
passage. Writa words on board wher,
stated.

snargy

hesat

nolecule
aissipate
volatile
discha
comm::rm
radistion
therns| ensrgy

Listen.

Turs to cited page 1a $.G.

Resd aloud/listan/follow along.

Circle hay words.
State key words alowd.

Watch a8 instructor writas key
jword on board.

OUTLINE OF JNSTRUCTION

INSTRUCTOR ACTIVITY

STUDENT ACTIVITY

b. Understanding
Chack

Chack on student's understanding
of the content of the passage by
asking the (ollowing questions.

Clarify or have other students
clarify any sisunderstanding.

1. What are the Lhree ways in
which hsat soves?

(convection, rediation, and
conduction)

2. What happens when solecules
aove around?

(heat and energy are produced)

3. What heppens when heat s
transferred?

{(dissipation tekes place)

4. How can you make & liguld
avaporate sore quickly?

(apply hest)

S. What is sore volatile, a cold
liquid or a hot liquid?

(a hot liguid)

{

Answer questions.

Figure A-13. Instructions for relationship passage, from instructor guide (typical).




c. Heeninglut
Santences

Stata twe or three tores and
ask students te wsa werds in @
seaningtul sentence.

Use hay teres (n sentences.

OUTL INE OF INSTRUCTION

INSTRUCTOR ACTIVITY

STUDENF ACTIVIYY

i
§
| T

Correct or have other students cor-
rect any aisuse of the lerms.

Pessible sentences follow.

1. When you hest & liquig, the

legules Tn the 1iquid move
mﬁa. -

2. One vay that heat fs trans-
farred is by convaction.

3. vhen you apply heat to a
Viguid the 1igquTd becomes
oore volatile.

4. Radistion and conguction are
Two of the three ways Ta which
Pedt moves.

5. Heat produces energy that, tn
turn is used to move ships.

Show and discuss O.H, 6,1.1 MN,

Explatn how the diagram shows the
ngniomnip of the key terms ag
they were used in the Relationship
Passage.

Ask quastions.

Study O.H.
Listen,

Figure A-13 (Continued).
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Movement of | [+ THERMAL
MOLE SULES | Liransfer of ENERGY

BN Gdhlaive L LILANLE s il

o boiler
: DISCHARGING
CONDUCTION heat
{touching)

RADIATION
(1 foot away)

| DISSIPATE I[

CONVECTION
(across the room)

e 1@
I VOLATILE I

The movement of molecules produces heat. HNest energy 18 known as therms)

- TV

energy. In order tor 1t to De used effectively, hest muit be transferred from
113 source. This occurs by gonductign, convection, and radistion. These thres
types of heat transfer occur after tha heat has been discharged. wWhen heat s

transferred, some dissipagtion always occurs.

Heat causis & 11quid’s volatility to incresss.

Figure A-14, Diagram/summary found in instructor guides and student guides (typical).
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passage. Students studied the diagram and read a textual explanation of the relationships

shown in the diagram. Working with the diagram constituted the summary for the
segment.

When instruction on all segments in a cluster was completed, the student took a
Progress Test which covered all of the terms in the cluster (Figures A-15 and A-16). The

grouping of terms was different from that of the Practice Exercise and the examples
listed were always unencountered ones.

Strategy for Teaching Technical Terms: Second Lesson

The second lesson for each cluster of terms gave the students practice in reading the
kinds of technical material found in same-strand "A" schools. The students read a
"comprehension™ passage (Figure A-17) and then answered a set of questions (Figure A-18)
about the content of the passage. The passage used terms found throughout the cluster.
Instructors critiqued the students' performance after they had finished answering the
questions. After repeating this procedure for a number of passages, the students toox a
progress test using a different passage and set of questions.

st ashond
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- PROGRESS TEST 4.1.)
il Oefinitions
firagtices: Metch the tarms and defiattions by placing the letter of asch
to™m naxt to the corvect dafinition. Nots that there sre two
sere terms thaa there are definitions. Two of the terws will
. not be used.
{
‘. Definitiong Terns

FkER R Rk ERE

pgtgls.
_n 16,

2

g 17,

-
L

'“‘l :_::;.J:.\.‘. .

the capacity for doing work or producing an effect [
the force that cawses an object to turn or rotats

b.
smallest particle of matter (containing more than one
atom) that sti’l has the same siysical characteristics c.
of that satter

10 throw off; to send out under pressure or by forca -
to scatter;: to disperse; to mpke disappeer

pressure that s creatad by the sovement and force
of llquid

[
f
force thet tends to draw all bodies towerd the 9.
contar of the earth

[y

one found in heet because of the rapid movement
of molecules

the tandency for moving objects to continue moving
ang for objects at rest to remain at rest

the force that moves & sol1d, liquid, or gas into
4 3pace that has low afr pressure

the sction of a lever: the mechanical power gained 1.
from using & lever

energy at rest; stored energy ..
the sasa with which a 11quid svaporates n,
energy of motion

energy sssocisted with the motion of molecules

the transfer of heat by waves or rays in a 9.
straight line from a source

t.

»N  a

q.
the tendency for a turning Odject to move away
from the center r.
the transfer of heat by the vertical cirgu- s
lation of molecules 1n a 11Quid or aas -
L.

cantrifugal force
convection
discharge
dissipete

neryy

gravity

haat

hydraulic pressure
inertia

kinetic snergy
leverage
wolecule
potantial energy
radistion

suction

tharwma| energy
torgue

vicuum

volatile

volume

Figure A-15. Progress test, definitions (typical).
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PROGRESS TEST 6.1.1
Seguent I: Examples

PART 1
framples

1. the tempersturs inside & boller rooe

&

2. tn explosion in the boller rom

o
o
b1
o
-
.

forcing patnt out of & spray gun to
paint the barracks

sunghine streaming 1R the window

|‘ I
-~

PARY 2
Examples
9 1. gasoline svaporating
2. When & hot flyid 1s mixed with & cold
- fluid, the hot fluid becomes colder

[ 3. carbon dioxide (CO,): 1 atom of cardon,
2 atoms of oxygen

the movesent of hest 1n an electric
coffee Dot brewing coffes

f S. steam moving a locomotive

Oirections: Match the tarms and examples by placing *he letter of each ty
T maat o the corTect example. Mots thet thers are two sore e
than there ire exampleas. Two of the tsrws will aot be used.

s kil en b B

Tormy

a. centrifugal force
b. discharge

c. energy

a7

a. gravity
e. heat
f. radfation

Tgres

8. convection
b. dissipats
¢. dissolve

d. molecyle

B e e 3 oL i s e St Bl i i Ml

e. suction
f. tharmal energy
9. volatile

[ NP PRI

Nekes

Figure A-16. Progress test examples (typical). %
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PRACTICE EXERCISE 6.1
Part 1: Passage

Qirsctions: Resd the passage below and answer the questions that follow by
Circling tha latter af the Correct responss.

HEAT EREAGY

Heat ¢an be explained as the energy 8350ciated with the estton of aslecules.
The greater the heat, the faster the selecules sove, and the mere 1pacs the
aolecules occupy.

The molacules in fce, water, and stean are the same axcept for their sotion.
The welocules 1n s011ds (such as 1ce) move mere slowly then the molecules $n
liquids (such as water) and these in tyurn move more slow)y than the solecules

1n gases (such as stesm).

When the solecules in ice sove faster (dy incressing the thersal energy). the
thersal enarqgy is at first used to raise the tesperature of the fce. But when
the tesperature reaches a certain point (32° F), the therna) energy is no

longer used to raise the temperature. Mow it {s used to change the fluld from

fts solid state, ice, to 1ts 11Quid state, water.

I? the thermg) energy {3 further increased. the tempersture of the water will
rise. [f the watsr temperature =eaches 212° F (boiling point of watar), the
thersal energy will now De used to change the fluid from its liquid state to
1ts gaseous state, steam. When all the watar has chenged to stesm, the therms!

energy will again De used to raise the teasperature of the steam.

what Fappens s that the heat causes the solecules to sove fastar and faster,
thus creating mors and more kinetic ensrgy. Heat applied to the watar Ciuses
the solecules to mover faster unti) finally & physical change takes place--
the water is changed to steam. The steam, 1n turn, can transfer its molecular

kinatic energy into sechanical snargy which Can turn & turdine enging.

Figure A-17. Comprehension passage (typical).
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Figure 1, on the opposite page, shows the boiling curve for watar. Mote that

th Saction A the tasperature riges a3 theraal energy is increased. Section §
3 starts st 212° F (the beiling petnt fer watar). In Sectien B, you should
notice that the graph shows & flat 1ine. This asans that the therma) energy

!
|

o f 1s not being used to InCreass the tsmperature of the watsr. Now it 13 being

’ L . vsed to change the watsr from fts 1iquid state %5 its gas stata, or stesm.

’ ‘ E Only when 211 the water Mas changed to steas wil) the thersal snergy be used
E to increase the temperaturs of the steam. Section C in Figure 1 showt the tes-
-

perature of the steam increasing.

It is intaresting to note from this greph thet water is not & very velatile
substance. The dofling curve for a volatile substance such as slcoho! would b

show & such shorter line in Section §.

-
Y T S

Nos.
Am Al 1d et BN ks s

i 30
& PTEAM HEATING i
[ Z WATER BOILING 41
g§1. g 210‘ i
s £ 200 ¢ 1
c g |
11 o |
; w 1007
Q.
S F )
w ?
= 30 A B—-C-
. 180 970 '44

o BTU PER POUND OF WATER

T{gure 1. Moiling Curve for Vater

Figure A-17 (Continued).
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PRACTICE EXERCISE 4.)
Part 1: Questions
Mot e e Il et s O oo L
read the passage aain 1f you wish,
1. vatar degins to bof) when fts:
& tespersture reaches 32° F.
b.  thersal ensrgy reaches 180 3TU.
® c. temperaturs resches 212° F.
d-  temperaturs reaches 300° F.
2. What happens when the tempersture of water reaches I12° F7
a. All the wetar Changes to staee.
b. The water stops bofling.

% c.  Its tespersture remains 212° F unti) all the watar has
turned to stesm.

d. Its tempersture Continuet to rise.

3. Once the temperature of wetar reaches its bollirg point, the thermal
energy s used to:

a. raise the watar temperaturs further.

b. make the watsr less volatile.

€. changa the fluid from fts salid state to its liquid state.
®* 4. change the watar into stess.

4. Looking at Figure 1, how many 8TUs need to be added per pound of water
to raise the temperature Of the steas froe 212° f to 300° F?

a. 970 STV
b. 1 8W
*ec. M4 BNV
d. 180 8TU

§.  Water changes !ts physics! state at:
. 3°F.
. 212°F.
% c. at both 32° F and 212° F.
d. ot nefther 32° F or 212° F.

Pigure A-18. Practice ev _ise (typical).
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