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. ' SUMMARY AND CONCLUSIONS

Mititary Problem

" The US Army has placed emphasis recently on performance-based
training and evaluation. Performance-based evaluation, using job
sample hands-on equipment, has not been developed or used for complex
technical MOSs. Therefore, there is a need to determine the feas-—
ibility of developing and using job sample hands-~on equipment per-—
formance tests for a complex technical MOS.

Researca Objective B D

The research project was to determine whether it was feasible to
develop and use hands-on, job sample performance tests for assessing
job performance of high skilled electronic maintenance technicians.
Feasibility was defined in psychometric and administrative terms.

Method

An electronics maintenance MOS was selected as the research ve-
hicle. An analysis of the job tasks was undertaken to categorize job
activities. Performance tests were developaed to categorize job
activities. Performance tests were developed and experimentally
evaluated for selected job activities. The tests were administered
to technicians with a broad range of experience. Two scoring ap-
proaches were used-~-a GO/NO-GO product measure and a process measure
where task procedures were evaluated. In addition, time-to-perform
the test was obtained for each administration of the test.

Results

An approach to selecting job tasks to be used in the performance
tests was taken that emphasized content validity. In addition, em-
pirical validation using a mastery classification approach was used.
Master/non-master categories were defined using job experience, MOS
test scores and job performance rating criteria. Empirical validity -
was found for two of the three tests using MOS score and for one test
using job.performance ratings.

. An interrater reliability of .73 was obtained for the process
measures. There was 1007 agreement between raters when the GQ/NO—GO
scoring procedure was used. ’
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A time limit of 60 minutes was set for each test. 0f those who
successfully completed the tests in that time limit, no significant
relationships were found for the time scores and MOS scores, job ex-
perience and job performance ratings.

Conclusions

Valid and relisble performances can be developed for assessing
electronic maintenance skill proficiency. However, equipment,
facilities and administration standardization requirements may re-
duce the feasibility of using full hands-on, job sample performance
tests at other than an ideal location, such as an electronic mainte-
nance school. The performance tests developed in this research could
be used to validate synthetic performance tests in such a setting.
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T. INTRODUCTION
A. Background

Over the last several years as the Army's Enlisted Personnel
Management System (EPMS) has developed, the need arose for research
in the area of using performance tests to evaluate the job proficiency
of electronic technicians. The EPMS career management system evolved
concurrently with an emphasis on performance-criented training and
evaluation. Also career progression and retention criteria were being
changed so as to emphasize the demonstration of job skills.

It was anticipated that eventually the Army would design an En-
listed Career Management System for controlling career progression
from the lowest through the highest skill levels which would be based,
ia part, on objective and standardized performance tests. There was,
thus, a need for research which would examine methods of developing
performance-based tests for such high skill MOSs in support of the
new EPMS concept.

Classification. Upon entering the Army, personnel are given a
series of classification tests that measure aptitude for training in
the different occupational areas. This testing provides a basis for
assigning an individual a military occupational specialty (MOS). With
training and job experience, individuals develop and maintain quali-
fications for an MOS. Factors considered in the. classification of
individuals take into account both the individual's and the Army's
needs. Factors such as the Army's need for personnel, MOS and grade
imbalances, budget restrictions, physical status, training and ex-
perience, education, test scores, individual preference and hobbies
may be considered in making an MOS assignment.

Within an MOS, an individual is classified by skill level. Cur-
rently, five skill levels are authorized: Skill Level 1 - Apprentice;
Skill Level 2 -~ Journeyman; Skill Level 3 .- Advanced Journeyman; and
Skill Levels 4 and 5 - Leader and Supervisor Positions. Usually skill
level correlates with pay grade. However, an indjividual may be awarded
a skill level above his pay grade, but not below. This, in essence,
indicates that an individual must be skill-qualified before he is
awarded a promotion in pay grade. MOS and skill level qualifications.
are evaluated periodically using interviews, MOS evaluation tests, and
performance appraisals and ratings. Decisions that can be made follow-
ing these periodic evaluations are that the individual continue in his
career progression, that he be reclassified to a lower skill level in
the MOS, or reclassified to another MOS.
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Utilization. It is the policy of the Army to obtaiu efficient
utilization of erilisted personnel in accomplishing unit micsions.
However, if possible, this should be accomplished by placing persornel
in positions which require their skills. The system also emplLasizes
that personnel utilization should provide for individual career pro-
gression. Policies have been established for the proper utilizzrion
of personnel, insuring that assignment will first be made to a duty
position within the primary MOS at the appropriate skill level or
higrer. If this is not possible, the unit comma:der can assign an
individual to primary MOS-related positions, or to secondary MOS
positions. The policy does provide for authorized exceptioms.

Nevelopment. 1Individual career programs require that personnel
develep through both training and job experience. Each MOS is cur-
rently defined by a hierarchy of duty positions at the various skill
levels. It is intended that periodic re-assignment be made following
skill level qualification to insure that individuals get the compre-
hensive job experience needed for career development. The system
assumes that skill level qualification is most often attained through,
training.

B. Research Problem

One underlying requirement for the three aspects of EPMS was per-
iodic assessment of job proficiency for regulating the development
and progression of individuals in a career program. Concern was ex-
pressed about how to validly evaluate skill proficiency especially
for the higher skill occupational specialties such as electronic
maintenance. Although performance tests had been developed by the
Army technical schools to evaluate end-of-training proficiency, these
tests primarily were concerned with the assessment of a technician's
entry-level skills for those tasks involving the adjustment and re-
pair of complex equipment. There was a scarcity of scientifically-
based information concerning the gain (or loss) of these skills as a
technician acquires job experience.

The use of tests that simulate some aspect of the real job situa-
tion, but still rejuire the examinee to perform tasks or part tasks,
has also been considered in evaluating skill proficiency. Such tests
are called performance-oriented tests.

If performance-oriented tests were to be used, rather than actual
job sample, hands-on-equipment tests, there was the question of how to
vaiidate such surrogate tests. That is, measurements of job perform-
ance of some kind would be required as criterion measures against



which the surrogate tests (performance-oriented tests) could be vali-~
dated. The primary problem for this research was then one of deter-
mining the feasibility of developing and using job sample, hands-on-
equipment performance tests for measuring job proficiency in a complex,
techniecal MOS.

A secondary issue similar to the skill measurement inputs to the
EPMS, was one of integrating skill acquisition in a career progression
program. However, the exact locations where skills are actually ac-
quired (and developed) were not known. A4 second problem vas, then,
the identification of where electronic maintenance technicians acquired
their skills.

IT. LITERATURE REVIEW - PERFORMANCE TESTING IN ELECTRONIC MAINTENANCE

It was assumed that technical changes in electronics, such as
going from vacuum tube circuits to solid state circuits would influ-
ence performance 2svaluation approaches. Thus, the first effort in
this research was to determine the state-of-the-art of applied per-
formance testing in the electronic maintenance area. A literature re-—
view was conducted that covered over two hundred documents.

This review covers the use of job performance tests (PT) in elec-
tronic maintenance and was not intended to be exhaustive. A review
covering the totality of the literature on applied performance testing
was beyond the scope of this effort. The present effort was an attempt
to locate only the literature that was directly related to electronic
maintenance. Furthermore, the efforts cited can only be considered as
representative of the work in the field. Many other relevant docu-
ments were reviewed but not reported here. It was felt that their
citation would add only to the bulk of the review while adding little
of a substantive nature.

A number of areas in performance test designing and application
were considered. Separating PT develnpment literature from applica-
tion literature was difficult. In most cases, PTs were developed as
criterion measures to be applied in evaluating training programs for
entry-level skills. In this sense, the state-of-the~art in PT design
has not changed since PTs were firs¢ propcsed for Army use during World
War II. Significant advances have, however, been made in the area of
job description approaches and task categorization methods which are
critical in the selection of items for the tests.

 As used here, a performance test refers to a test situation that
requires the behaviors necessary to perform job tasks under most of the

10
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significant conditions that exist in the actual job. Another accept-
able descriptive term for PTs is job sample tests, if they require
whole task performance, use actual equipment, tools and materials found
on the job, and are set under standardized conditions similar to job
conditions. Tests that call for responses that are merely correlated
with job behaviors or do not actually cccur on the job are nct included
as PTs. Unfortunately, this description eliminates a majority of the
literature from consideration as full-scale PT literature. Much of
this associated literature was also reviewed and when appropriate is
included in this summary.

This review is divided into sections that describe significant
development and application variables. First, there is a review of
the general PT development history within the armed forces of the
United States. Next, test construction factors are covered. The third
section deals with validity and reliability, a four: . section presents
a survey of test usage,

A. Historical Perspective—l—/

Historically, performance tests as used in the world of work ware
found in the form of trade or task tests. At the present time, PTs
have been used for at least the following six purposes:

. As criteria for validating selection devices;

As criteria for skill certification;

For diagnosing performance deficiencies;

As instructional 2ids in training;

As criteria for various kinds of comparisons; and

As a predictive instrument in selection and job assignment.

[=ATR, B~ S VRN S o

During World War I, the Army used some trade tests for szlection or
assignment to jobs. During World War II, PTs were introduced as a
means of improving and evaluating training in the routine maintenance,
repair, and operation of equipment. During the early years of World
War II, the need for electronic technicians in the miiitarv services
mushroomed at an unprecedented rate. Radio communications require-
ments expanded rapidly, but the newly developed radar was also an

}/ This brief historical review is based on information in Foley (1),
Jenson (2), and the author's knowledge derived while working in mili-
tary settings. '

11
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important factor in expansion. Each of the military services developed
extensive programs for training electronic technicians. Most of these
programs had a "job application" phase near the end of the course.
Laboratory type performance evaluations on actual equipment were used

extensively for both diagnosing student deficiencies and for formal
evaluations.

Since World War II, performance test tasks, in the form of prac-
tical exercises, have been relatively widespread in application at
training institutions. However, multiple task perfcrmance tests have
been used only sparingly for economic reasons. For example, PTs must
be given on an individual basis; they usually take longer to administer
than written tests; they require an evaluator to be constantly present
when process is evaluated, and they tie up equipment, tools, and
materials.

In a somewhat different vein, the Army became interested in using
PTs as criteria against which to validate gselection instruments as
early as 1948. About the same time, the Gffice of Field Forces, US
Aruy, requested that the use of PTs be examined as means of evaluating
job performance. This interest in job proficiency measurement was
continued in 1965 when the Brown Board was set up to determine the
job proficiency level of Army organizational maintenance personnel,
Within the Air Defense Branch a diagnostic performance test was used
te evaluate the proficiency level of Hawk CW Radar technicians.

During the '50s and early '60s, HumRRO conducted considerable re-
search in the area of performance testing for evaluating maintenance
training in electronics as well as other areas. The majority of the
tests were developed, however, to evaluate the outcome of experimental
training programs, and saw little use in the field. A brief descrip-~
tion of these tests and their uses along with others is presented in
a later section.

Following the decade of the '60s, interest in electronics mainte-
nance research subsided. As a result, PT research in electronics was
reduced correspondingly. However, the military services have main-
tained their overall interest in performance testing. In fact, the
Army currently has placed a high priority on performance~oriented
training as well as performance testing. In Work Unit ATC-PERFORM,
HumRRO scientists have introduced performance-oriented training into
a wide variety of MOS training programs. The vperformance tests are
typically of a GO/NO-GO variety. That is, the student must success-
fully complete each test in order to progress. If he fails to reach

‘criterion performance on a single test, he receives additional train-

ing ‘and then is administered another comparable performance test.

12
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B. Performance Test Construction

Standardization of conditions. 1In April of 1972, CONARC Reg 350-
100-1 was published as a basic reference and guide for developing job
description materials. A product of a job description essential for
developing training and testing programs is the performance objective.
There are three parts to the performance objective; a statement of the
task to be performed, the standards of performance and the conditions
under which the task must be performed. One important issue in the
research on performance tests has been the standardization of condi-
tions. Once representative job tasks are identified and test items
selected, standardized test conditions must be established. This re-
quirement has recently been viewed as troubleshome in the sense that
variations in on-the-job performance were due to complex stimulus-
response interactions. Asher and Sciarrino (3), Crumrine, et al.

(4), Cory (5), and DiMarco and Norton (6), point out that any evalua-
tion of job performance must take into account the interactions of
individual and situational determinants of behavior. The implications
for performance testing are that limiting the test situation by
standardizing conditions will also limit the generalizability of the
test results to total job performance.

In cases where conditions in the job environment are extreme,
such as battle conditions, medical emergencies, extraordinary weather,
etc., standard job conditions may be difficult if not impossible to
duplicate. Osborn (7) suggested that techniques other than real
world, hands-on performance testing will have to be used to evaluate
job performance in such cases. He describes a continuum of fidelity
of conditions varying from real world to the objective paper-and-pencil
test. It is when duplicating job conditions is not feasible that the
concept of simulation becomes important (8). The issue of standard-
izing test conditions was important for this research because of the
possibility of the same performance tests being given at a number of
locations as part of the same performance evaluation program.

Setting performance standards. The issue of establishing standards ™
has received considerable attention in the literature. Along with the
problem of setting performance standards, the question of how and what
to measure also arises. The basic clement underlying these issues is
the question of what is to be done with the test results. Typically,
performance data is used for the following purposes:

13
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1. Describing job proficiency;

2. Determining promotion qualification;

3. Determining school or job qualification;

4. Obtaining diagnostic data--what more needs to be learned
by an individual;

5. Determining retainability in a duty position;

6. For redesign of training program;

7. ‘For equipment and tool Araign ~-d redesign; and

8. For establishing hv -e reliability for input
to systems relial 5.

Providing data for ti... w . f uses requires that scoring pr

cedures be used that evaluate both the products of job performance and
the processes of producing the product. Both scoring approaches were
used in this research, Some examples of product measurement will be
presented first.

Williams and Whitmore (9) evaluated electronic maintenance per-
formance by measuring how long it took to get the radar back in opera-

‘tion and found a difference between new school graduates and exper-

ienced technicians. This criterion has been used in the past by the
Army in establishing operational status of electronic equipment. The
measurement of time to accomplish a task has been a common performance
measure. Many maintenance PTs developed by HumRRO had a maximum time
limit for finishing a test item. This often was an administrative
requirement due to limited amounts of time available for testing.
Since time is a pragmatic issue, it plays a significant role in the
decision of how complex a PT can be.

Another common product measurement used is quality of the product;
for example, a soldering test where the quality of the joint is eval-
uated. An Air Force test developed by Matrix Corporation (10), pro-
vided pictures of acceptable and unacceptable solder joints to be used
as guidelines by the evaluator. 1In the evaluation of the quality of
maintenance performance, the easiest measurement question to answer
is, "Does it work when the task has been completed." This becomes
essentially a GO/NO-GO type test.

However, llighland (I11) pointed out early that being proficient is
not an all-or-none question. This is the basis of the process ap-
proach to the setting of performance standards. Schwarz (I12) presented
a list of task activities in terms of the type of performance involved,

.as a means of categorizing process standards:

14



Visual discrimination;
Auditory discrimination;

. Manipulation;

. Decision-making;

. Symbolic data operation; and
. Reporting.

[« QO I O FUR L ]

This approach to establishing performance standards stems from
behavioral descriptions of required job performances. These descrip-
tions are usually provided by job supervisors and there is usually a

different description for new-inexpurinr . achnicians than for
experienced personnel. Steadman and Harri san (I13) reported that new
Navy school graduates are not expected ' = meet minimal job performance

requirements during the first six months on the job. Siegel and

Fischl (I4) and Rafacz and Foley (15) also used multiple groupings.
of task behaviors. They used eight different performance descriptions
(listed below) to define levels of electronics proficiency.

Level ‘ Description
8 (highest) - Capable of Employing Electronic Principles
in Maintenance of Equipment
7 Capable of Troubleshooting/Isolating:
Malfunctions '

Capable of Calibrating Equipment

Knowing Relationship of Equipment to~
Other Related Equipment

Capable of Following Block Diagrams

4

3 ' Capable of Removing Equipment
2 Capable of Replacing Equipment
1

(lowest) Capable of Employing Safety Precautions -

When behavioral descriptions of jobs have been drawn up and the
specific job activities identified, checklists can be prepared and
used to evaluate the process aspects of job performance (17). Again,
two approaches to evaluation can be followed at this level of job
performance detail--checking whether the activity was performance
(GO/NO-GO) or indicating on a scale how well it was done (quality).
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Another approach to process measurement has been to record and
classify the errors made during performance. McCalpin (I16) indicated
that one requirement for establishing a human performance reliability
program was the development of a classification schema for errors.
This approach would diagnose what kinds and with what frequency errors
were being committed. A less complex error measurement approach is
to indicate the sequence in which a list of job activities are per-
formed. -

In establishing performance standards, information such as that
coming from work by Lintz, Loy, and Brock (I17) must be considered.
They found that 75-8f »~rcent of the variance between performance

times for electroni 1tenance tasks could be accounted-for by as
few as two or as .uy .at predictor variables, such as number
of checks to be u. '~, ssibility of components, and the level to
which testing is car: « (subsystem module or component). This type

of infopmation was used in this research to set a realistic time
limit for finishing the specific test items.

C. Validity and Reliability of Performar{c_e Tests*

Validity. The tests developed in this research were designed as
criterion referenced tests. Two viewpoints regarding criterion
referenced test validation are frequently expressed in the literature.
These viewpoints concern the validation operations to be followed.

The first viewpoint stems from a concern that performance tests
used as criterion-referenced measures must be content valid. The in-
dividual's score must provide unambiguous information about his.per-
formance. To provide this information, the test must be constructed
in such a way as to allow generallzatlon to the domain, or universe,
of job behaviors. Proponents 6f this view include Glaser and Nitko
(21) and ropham and Husek (22).

The second viewpoint arises from the use of PTs as mastery tests
For those who take this stand, the ultimate validity question for
criterion-referenced- tests concerns the accuracy with which the test
classifies individuals into mastery and nonmastery categories. This
approach is based upon empirical discrimination assessed against an
appropriate external criterion. Proponents of this predictive valid-
ity approach include Hambleton, Novick, and various associates (23, 24).

*A significant input to this section was provided by Dr. C. Knerr
of the Army Research Institute, through personal correspondence.
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The complex interaction of these approaches is exemplified by the
following points: (a) content validity i1s often compromised in per-
formance testing because of pragmatic constraints; (b) therefore, em-
pirical discriminant validation is required to augment assertions of
content validity; (c¢) caution must be exercised in empirical valida-
tion operations to prevent further compromise of content validity.

In brief, content validity is necessary but not sufficient evidence

of performance test validity. This merging of the viewpoints is best
exemplified by Harris (25);““This view of merging content and empirical
validation was favored in this research. These concepts, the methods
for achieving content validity, and for evaluating empirical va11d1ty
are expanded in the following paragraphs.

Item selection. The basic assumption underlining the construction
of pure performar~ ~ tests is that the test resembles the job situation

-as closr? ..o 1ble. It follows then tli..t.PTs should be content

wvalic .. . .l issue becomes one of selecting test items

. that accurately represent job tasks (26; 27). Williaws and Whitmore

(28) stressed that '"performance tests must be rigorously derived from
job tasks and that those job activities sampled must be representative
of the entire job in order to maximize test validity. However, since
pragmatic considerations dictate the sampling of job tasks, they sug-
gested that those representative tasks for maintenance. jobs be se-
lected as a function of equipment malfunction frequency data. Vineberg

‘(29), Shriver (30), and Highland (II1), among others, have also pro-

posed using malfunction data for task selection.

The author is not aware of literature that discusses the concept
of task criticality as a factor influencing validity. But this con-
cept is receiving increasing attention in tas. ¥ nalyses efforts withic

the US Army. The concept is being used in ti :cision as to where
variows tasks should b= txaimed. A problem h: :merged in, these ef-

forts ir that an acceptable operational defin: on of task criticality
has nct been agreed upon. An initial definit:u.c of criticality was
used Z#=ntifying tasks to be trained in the US -us's Training Exten- .
sion (=Z—rse (TEC). It is this definition that -s used in this re-
search to select test tasks. Four levels of o :icality were defined
as follows:

Value: 0 = Task is not relevant to the ability of a soldier to
‘'survive or to accomplish his. individual cuties as a
member of a combat arms unit. This is a task which
is never performed or only under very remote circum-—
starces. '

Vzlue: 1 = Task is r=levant to survival »- accomplishment of in-
dividual duties but is relativezly unimportant (''nice-
to-know"). This implies the ab_lity to perform a-
task which could be useful but not essential.

10
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Task is relevant to survival or accomplishment of in-
dividual duties and is considered important but not
critical to adequate performance. This implies the
ability to perform a task that would definitely en-
hance under reasonable circumstances the individual's
survivability or the accomplishment of his mission.

Value: 2

Task is critical to survival or accomplishment of in-
dividual duties as a member of a combat arms unit.
This implies the ability to perform a task that is
crucial to survival under reasonable circumstances

or to adequate accomplishment of individual mission.

Value: 3

Vineberg (29) has proposed to study the use of specific behaviors
to represent a general class of job behavior. Mecham and McCormick
(31) reported a similar approach in research using the Position Analy=-
sis Questionnaire (".q). They identified nearly 200 job "elements"
in analyzing specific jobs. Elements consisted of items such as
"sound pattern discrimination" and "use of precision tools." They
felt that some combination of these elements could be employed to
-describe the great majority of technical jobs. Presumably, in employ-
ing this type of approach, performance test items would be based on
the elements which defined the particular task performance being eval-
uvated. Vineberg and Taylor (32) have proposed an approach to the
sampling cf tasks For PTs so that the various dimensions of job be~ .
havior are :pre=semted. In selecting dimensions for sampling, they
felt that fractiomn=l aspects of job performance and task difficulty
are to be pecferred in that they are perhaps more closely relat=d to
the underlyzwg demamds of jobs. Relative occurrence of tasks and the
criticality =f —=sxs, while having some impact upon performance, re-
flect system—requirements: more closely than the underlying behavioral
requirements. .

Other esuzerchers have also developed PTs from behavioral descrip-

-tions of j#rs. Pieper, Folley, and Valverde (33) developed a job PT
for Air Fors2 ®eammm Control System Mechanic based on tasks derived
from detai‘+:d belmarioral descriptions of the job. Specific items
selected fx,: the test represented three major groups of job behaviors:
Operationzl Checkout; Troubleshooting; and Auxillary Task Performance.
Glaser and WitZic (2I) indicated that reprasentative samples of tasks
from defin#: "“domzins" should make up the t=sts. Whitlock (3<) pro-
posed a tecfwevique similar to Flanagan's (35, critical incident tech-

nique for i&mtiiying essential job behaviors or "specimens." He de-
fined a performancs specimen as "an incident of relevant performance
.which is unc-mmonly effective or uncommonly ‘neffective." In research

for the Navy, Ttgrey, Fromer, Langston, and “acaruso (36) identified
11
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criterion behaviors that represented the terminal behaviors for a
maintenance course and these were also used as PT test items. This
approach has been also used in Army and Air Force schools.

In practice, it is not really possible to separate the standard-
ization of conditions from item selection, as the conditions are a
part of the job. This has been viewed as a Task Taxonomy problem by
several researchers (37; 38; 39; 40; 12; 41). In general, they con-
cluded that task classification must be relevant to the purpose of the
performance test. That is, if certain conditions are always a part of
the task, then they must be specified in the item. Therefore, the
purpose of the test must be clearly stated. For example, if the pur-
pose is simply to assess the ability to use test equipment, one set of
conditions might be employed. If the purpose is to assess ability to
employ test equipment in cramped quarters, on a ship in high seas, a
different set of conditions would probably be necessaty.

Another technique for test item selection that is receiving re-
search attention is multidimensional scaling (MDS). Schultz and
Siegel (42) used MDS analysis to identify four factors representative
of job tasks of aviation electronics technicians. Siegel, Pfieffer,
and Schultz (43) conducted further research using MDS analysis for the
Navy. They found that different populations perceived the job domains
of the aviation electronics technician similarly. One research prob-
lem in using MDS is the lauge number of responses individuals are re-
quired to make on the questlonnaire. Rigney (44) also used MDS to
develop job tasks for PT for electronic maintenance by identifying
significant psychological variables. MDS was not used in this re-
search because of the requirement to develop hands-on equipment, job
sample tests. However, in the development of surrogate tests, MDS
would be a useful technique.

Job analysis. Prior to data gathering, the primary consideration
in criterion-referenced test development is content validity. Various
sets of guidelines are available which, if followed, help to assure
content validity of a test of a set of instructional objectives. The
essential point is that the measurement must provide unambiguous in-
formation about his performance. For item genesration and task szmpling
in complex job performance contexts, the job analysis approach has
proved fruitful (45). Procedures based on the job analysis were
followed in this research with some modification.

The task analysis separates the complex job behaviors into manage-
able components that are to be tested. Task analysis precedes the

test construction to provide a logical basis for the content domain
definitions. Army task analysis produces task lists from which

12
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performance objectives are wriltten. The performance objectives, in
turn, contain specific behavioral steps, conditions, and standards on
which test items are based. The performance objectives establish the

.domain by specifying the content. The standards and conditions guide

boundary specifications r=garding testing situations, response alter-~
natives, and standards of correctness.

Once the domain is specified and the performance objectives are

-in hand, items are written for the test. Hambleton, et al. (24) ad-

vocate both judgmental and empirical analysis, based upon their asser-—
tion that "Because the domain specification is never completely pre—~
cise, we must determine the quality of the.items in a context inde-
pendent from the process by which the items are generated". (p. 17)
They present methods for analyzing ratings of item relevance by con-
tent specialists.

Reliability. PT reliability has received more attention than
validity previously because of attempts to apply traidional reliability
concepts to PTs.

Several reliability coefficients for criterion-referenced testing
(CRT) have been proposed. One of the prime concerns of CRT reliability
is the comsistency of classifir-ation, in situations where individuals
are class®fied into two or more mutually exclusive categories. An
example is CRT after instruction to determine whether or not students
have mastered the instructional objectives. Individuals are classified
as masters if they achieve a score equal to or greater than a given
cut score and nonmasters if they fail to achieve the cut score. Con-
sistency over time, analogous =0 test-retest reliability, refers to
similarity of classZfications =f individuals over subdivisions of the
test (e.g., split hzlves, subtasts, or items). When the CL tests are
hands—on performance tzsts, judgment of the individual's behavior by
a rater contributes tc unreliability. Error may-occur in the rater's
observation and scorircz. Interraster and intrarater consistency esti-
mates have been applied to CR performance tests.

One school of CR measurement advocates methods differing in detail
as to whether classification consistency is determined over multiple
forms, comparable samples, or repeated administrations, bu: similar
in use of a 2x2 framework (Figure 1) where I and II represent two
administrations, test halves, items or other measuremeni forms {(46).

N is the total number of individuals and a, b, ¢, and d represent the
number of individuals classified into that cell. TFor example, if I
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II
Master Non-Master Marginal Frequency

o Master a | b a+b
I Non-Master c d c+d
Margina1lFrequency atc b+d N

Figure 1. Fourfold Table Format

and II represent two administrations of the test, then a equals the
qumber of irmdividuals who are classified as masters both times, b
equals the cumber of individuals who are classified as masters based
on their scores the first time but nonmasters the.second time, C equals
the pumker of individuals who are classified as nonmasters the first
time anc¢ masters the second time, and d equals the number of indi-
- viduals who are classifiec. =s nonmasters on both administrations.

Conweptually, consistezcy or agreement is measurable as the pro-
portiom: of individuals corsistently categorized. 1In the format just
presentz=d, a and d are the numbers of individuals consistently class-
ified out of the total N individuals. Thus, a measure of reliability
advocated by Carver (46) ==d Crehan (47) is the index of agreement

relizsility = (at+d)/N

However, as Hambleton, Alginz, and Coulson (24) and Swaminathan,
Hambleton, and Algina (46) p:inted out, this index of agreement does
not zccount for the extent o agreement expected by chance. They ad-
vocate co=fficient Kappa (4&; 50) in which the joint and the marginal
proportions are used to corrzct for chance agreements. The upper
limit for Kappa, +1, is reached only when the marginal proportions for
the repeated administrations are equal. If any individual is class-

ified differently on the repecated adninistrations, Kappa is less than
+1 (51).

Analysis of the fourfold table can be accomplished by a variety
of measurss of association such as the Phi (¢) coefficient or the
terrachoric correlation. The usefulness of Phi is limited by the
effects of test difficulty on the magnitude of the coefficient. By
test difficulty is meant the proportions of individuals who are class-
ified ac masters in situations l and I7. Vhen the Marginal distribu-
tions are asymmetrical, Phi does not range between +1 and -1. The
e=tent of distortion and chscured interpretation have led some writers
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to recommend against Phi (52), while others advocate its use (53).
The tetrachoric correlation is not ordinarily affected by difficulty
level, but has other disadvantages (52). Use of the tetrachoric
correlation assumes a bivariate normal distribution and computation
is prohibitive without computing aids.

Swezey, et al. (53) presented an excellent discussiuvr of reli--
ability research for CR tests. CR measurement advocz::: frequent’
claim that variance dependent statis' ics are imapplicab. fn CR . st-
ing because CR test score: .Luve rentr _cted variance.(22). However,
approaches are available to overcome this objection and as a result,
NR techniques have been demonstrated by some to be effectiwve in CR
measurement (54; 55; 56; 47). R

Previous literature on hamds~on performance testing reports reli-~
ability estimation using NR techniques. Schmfdt, et al. (57) found
that of the performance testing reports dealimz with reliability, most
were devoted to interjudge reliambility (e.g., 58; 59; 60; 61). Some
reports focused on intrajudge consistency (62; 63). Despite the fact
that stability over time is a prerequisite for the utility of a per-
formance test, Schmidt, et al. (57) found only one report of test-
retest reliability (64). Internal consistency estimates were reported
in three cases (58; 65; 66).

The lowest reliability estimates in the review by Schmidt, et al.
(57) were obtained in internal consistency analyses. The low internal
consistency values indicate that the tests are made up of rather un-
related components. For example, Bornstein, et al. (64) reported an
internal consistency coefficient of .61 for a test composed of 13
separate military performance tests. The tests covered hand grenades,
first aid, signal communications, map reading, and a variety of other
military skills. The low internal consistency coefficient verifies
the diversity of the test content.

. In general, if multiple test items measure the same objective,
then high internal consistency within the objective is desirable. 1u
that case, the conceptual homogeneity and response homogeneity are
congruent (25). 1In contrast, response homogeneity is not expected
across tests that measure different objectives. As Schmidt, et al.
(57) point out, if traditional homogeneity is enhanced within objec-
tives, but homogeneity is decreased across objectives, then both re-
liability and validity can be increased. Since jobs tend to be multi-
dimensional, multidimensional performance tests are more likely to be
valid than unidimensional tests for measuring proficiensy.

- . The tasks identified in this research that make up the pool from
which test items could be selected, were quite heterogeneous in content.
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The performance tests wnre also designed to be criterion referenced.
Rased upon the above discussion, coefficient K npa was selected as
one means of evaluat’ © t rellability. In 'er to eval: te the
scoring consister av-2r reliability we evalu .ed.

D. Survey of Test Usage

The state-—of-the-art in performance testing has been reviewed
periodically (67; 26; 68; 69). The consensus has been that PTs have

not been widely usced, primarily due to the heavy requirements for

personnel and equipment resources. Nevertheless, considerable effort
has been expended on the development of PTs for use in electronic
maintenance training research, and some discussion of the various
approaches seems to be called for in this review. Most of the tests
were developed’ from job description information and were assumed to
be content valid. Reliability of the test measurement was assessed
in several cases, but others did not mention test reliability. Test
difficulty was seldom considered and then only relatively gross state-
ments were made.

Rulon, et al. (70) were among the first researchers to construct
a troubleshooting test for evaluating maintenance proficiency. A
test for Q-24 Radar Mechanics was developed using actual operating
equipment. It was in this research that the TAB test was developed
for group testing the '"process of diagnosing malfunctions" of elec-
tronics technicians. However, the TAB test was found to have no
more predictive validity than other paper~and-pencil tests.

One of the earliest PTs to be used by the Army in evaluating
electronic maintenance job performance was developed by Baldwin,
et al. (71). Using malfunction data derived from job task survey,
they constructed a three~hour test for measuring job effectiveness
of radar mechanics. Performance data was obtained on ability to
keep equipment at an operational level and on returning malfunctioning
equipment to the operational level. The test used actual operating
equipment.

The split half and inter-rater reliability coefficients for this
test were high. They also found that the test was more difficult for
inexperienced personnel than for experienced. This test was con-
cluded to be a satisfactory criterion instrument and was used in
several HumRRO research proie=ts to develop and evaluate training
procedures.

‘Williams and Whitmore (8) under HumRRO Work Unit ACHILLES also
used an analysis of malfunction data to develop a PT for measuring
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job performance of NIKE AJAX IFC maintenance technicians. The PT
included 27 items and reqaired 7 hours to complete. The test
covered three major areas: troubleshooting, adjustments and replace-
ment of a soldered-in component. Four subsystems were used as test
vehicles-~the acquisition system, the computer system, the target
tracking system, and the missile tracking system. The split-half
reliability for this test was .876. 1In addition, a written test,
measuring retention of knowledges required in school was employed.
‘Two shorter versions of the PT were also constructed. Each included
five troubleshooting and four adjustment items, requiring two and a
half hours to administer. '

In 1956 HumRRO researchers began work under work unit REPAIR in
which field data was obtained on actual job performance of radio re-
pairmen. The data were used in identifying elements of the repair-
man's job and for developing a field-oriented proficiency test.

Brown (72) described the Repair Proficiency Test Battery developed to
evaluate training program effectiveness. - The test included four
parts: troubleshooting, test equipment use, repair skills and
achievement. The reliability coefficient for the test was .60.

It was in this effort that the terms "functional context” training
was coined by Shoemaker (73).

The Navy had identified various kinds of performance evaluation
approaches which were looked at by Harris and Mackie in 1962 (74).
Specifically they studied the extent of use of practical performance
testing in the Navy. They found only limited usage of PTs aboard ship
(12 of 204 cases). Performance ratings by supervisors were used
instead. On the other hand, at Navy Schools, PTs were used exten-
sively.. Twenty eight of 36 schools used one or more PTs. It was
reported by ship-board personnel that PTs were infeasible to be used.
They took too much personnel and too much equipment time. They also
felt that it was 'burdensome to administer properly" and too diffi-
cult to set up realistic conditions. Also, special non-available
equipment was required and there was a possibility of damage to
. operational equipment used in the tests. Lastly, it was felt that
it was extremely difficult to set objective performance standards.

Shriver (30) reports a PT that was developed from problems identi-
fied as commonly occuring during the first 8-12 months of job exper-
ience of radar repairman. The test was developed as a means of
identifying the skills and knowledges needed to operate and repair
electronic systems. Administration of the test required nine days.
The test included items on energizing, adjustment, troubleshooting,
and using common and special test equipment, Validity cf the test
was presented logically rather than statistically. The Spearman-
Brown reliability coefficient was .70.
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In 1964, Shriver, Fink and Trexler (75) modified the M-33 repair-
man PT to be used in measuring troubleshooting performance in the
M-33 tracking subsystem, the shorter test consisted of 1/3 of the
system test.

McKnight and Butler (76) developed a PT used for evaluating elec-
tronic maintenance performance following completion of an experimental
ordnance radar repair course. A total of 92 items were selected on
the basis of frequency of task performance and expected variability

n performance. It required from 20 minutes to 10 hours to complete
the items, with 11 days needed to finish the entire test. The pri-
mary measure of proficiency was the speed with which tasks were
accurately and safely completed.

ngney, et al. (36) used a symptom-malfunction matrix completion
test for evaluatlng performance on a blocking oscillator. . The test
involved six troubleshooting problems in which voltage and resistance
readings znd the number of components replaced were used as perform-
ance measures. They found that technician troubleshooting procedures
did not conform to a Bayesian model criterion and, in fact, they were
only about one-third as efficient as the Bayesian model performance.
A Bayesian troubleshooting model would indicate for any given pro-
cedure that has been performed the subsequent sequence of trouble-
shooting steps with the highest probability of identifying a spe-
cific malfunction.

The BEAT (Basic Electronic Assembly Test) was used by Steinemann
(77) as a test of practical performance abilities. The test had face
validity and the time-to-complete score was found to be predictive
of training achievement. A record of errors committed was useful for
diagnosing performance dlfflculty, but was not useful for predicting
job performance.

The majority of PTs described so far relied primarily on malfunc-
tion data as criteria for selecting test items. Pieper, Folley and
Valverde (33) used behavioral descriptions of job tasks to construct
2 PT for the Air Force's Weapon Control System Mechanic/Technician.
The test had three parts: operational checkout, troubleshooting, and
auxillary task performance. The test used the F-IIIA Simulated Main

. Task Environment. A profile of scores for job elements was obtained,
without a single overall test score. They concluded that "the test
appears to be rzliable, valid, economical, and easy to administer'.

Gebhard (78) describes a PT used for the electronic communication

equipment maintenance technician that was scored on a'GO/NO-GO basis.
It consisted of 18 malfunctions to troubleshoot, plus alignment,
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removal and replacement of components, location and identification of
parts, and overall operational checks. Administration of the test
required 6 days (22 hours).

Steadman and Harrigan (13) used a series of PTs that were job
task representative, but not job sample hands-on-equipment tests.
In an effort to evaluate the Navy's Selected Electronics Training (SET)
program, they tested Data System Technicians that had graduated from
the program. ' There were four PTs. A troubleshooting test was used
that was quite thorough in terms of the kinds of job tasks required,
The technician had to perform corrective maintenance procedures to
diagnose and locate malfunctioning parts. They were measured on
their successful completion of 18 troubleshooting steps, the selec—
tion and use of test equipment, interpretation of manuals and
schematics, and the observation of safety procedures. The other tests
were a test equipment test, a cable check test, and a soldering test.
Subjects had to demonstrate the use of three pieces of test equip-
ment and were scored on each measurement check and/or essential pro-
cedure. In the cable test, they had to check the condition of ten
conductors and identify the shorts and opens. In the soldering test,
they had to replace four soldered-in components and were scored on
procedural steps and on the quality of the finished joint.

A significant difference between these earlier PTs and the ones
developed in this research is that the ASSALT tests are for a differ-
ent generation of electronic equipment. Today's radars use solid
State components and integrated circuits vs. the vacuum tube circuits
of yesterday. This difference was believed to be significant in
terms of testing time that would be required and also possibly in
terms of establishing test reliability. .

Literature Review Summary

The literature has revealed a move in performance evaluation from
the use of norm referenced tests to criterion referenced tests. This
has presented a problem as to the approaches to be used in evaluating
the validity and reliability of performance tests. For this research,
a merging of two approaches for determining test validity were used.
First, a procedure was adopted for the selection of test tasks to
maximize content validity. However, a primary constraint, testing
time, caused two general types of job tasks to be excluded from the
test task pool. All items that for mechanical or procedural reasons
required extended time for their performance were eliminated. Other
tasks that because of their complexity required a long time to complete
were also eliminated. As indicated in the literature review, such
pragmatic limitations may compromise the content validity of a test.
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The second approach used the mastery classification approach.
Three criteria measures were selected that have been used frequently
in previous performance test research. Amount of job experience,
supervisor rating of job performance and MOS test score were the
three independent variables used to define masters and non-masters.

There are several factors that could interact with job experience
o reduce the relationship between test performance and experience.
If new operational and/or test equipment or new procedures have been
adopted .and are included in the tests with which the experienced
technician is not familiar, his test performance may be degraded.
Also, if the experienced technician has been misassigned to extra-
MOS duties or promoted out of a technician duty position, his job
experience may not truely reflect his technical experience. Data was

- obtained to evaluate the influvence of these factors in this research.

Supervisor ratings were used because it was assumed that the
supervisor would have knowledge of such performance measures as
whether or not the equipment which a technician has repaired works;
the amount of time required by the technician to repair a malfunction
relative to other technicians; and the number of items of equipment
upon which a. technician worked that were returned because of faulty
repair.

MOS test scores were used because some job knowledge is necessary
for adequate electronic maintenance performance.

The literature indicated the importance of standardizing condi-
tions for testing to maximize test validity and reliability. Care
was taken, therefore, to-identify the critical conditions required
to support the functions required in job tasks. This was also neces-
sary in order to maximize interrater agreement in scoring. This was
an issue, because testing at different sites was required.

The literature review indicated that two approaches could be used
to test scoring--measuring product or process. The decision of which
approach to use is a function 6f the use to which the test results are
to be put. This research did not presuppose to what use such PTs
would be put and thus both scoring approaches were used. The reli-
ability of the product approach was evaluated using the Kappa coeffi-
cient and the process approach vreliability was determined using an

interrater reliability coefficient.

The discussion .of previous performance test usage revealed several
additional considerations that should be made in adopting a test
scoring approach. These concern the criteria to be selected for eval-
uation. Four dependent variables emerge as descriptive of proficient



job performance. These are: (1) time of performance; (2) correct
performance of job tasks; (3) correct use of tools and test equipment;
and (4) use of safe operating procedures. All four of these var—
iables were adopted for evaluating Jjob proficiency.

Research Approach

There had been a considerable amount of research conducted on the
development and use of performance tests prior to this research. It
was necessary to identify variables that might be important in the
development of performance tests for evaluating job proficiency of
high level skill MOS. The first task undertaken was thus a review of
the literature in electronic maintenance performance evaluation.

Once the vehicle MOS was selected, the job tasks were categorized
in order to provide an approach for selecting tasks for inclusion in
the performance tests .used in the research. It was not intended that
the entire MOS be represented in this categorization. Tasks were to
be clustered on the basis of relevant dimensions. This research task
included a review of MOS materials and interviews with experienced
personnel. The experienced technicians were also asked to rate the
- criticality of frequently performed tasks.

The second research task included the develobment of prototype
performance tests for the 26C20 MOS. Tests were not developed for

each category of job tasks. The tests were developed as hands-on-
equipment work sample tests. Test administration and test scoring
procedures were developed in some detail. The evaluation of the per-
formance test included obtaining validity and reliability measures.
Two scoring approaches were taken (product and process measures) for
three performance variables—-correct task performance, safe operating
procedures and proper use of tools and equipment.

. The prototype performance tests were administered to a total of
43 electronic technicians spread over four Army posts. A total of
seven evaluators .were used, but only one evaluated all 43 subjects.

The third task was the collection of information used to describe
where technicians acquire their skills. An attempt was made to
identify where specific skills were acquired, but considerable dis-
agreement was found on the fragmentation of the term skilled tech-
nician into specific skill elements, and also as to the meaningful-
ness of such a breakdown.
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ITI. CATEGORIZATION OF SKILL ACTIVITIES

A. Selection of MOS

The objective of this task was to select a complex technical job
as.a research vehicle. The MOS to be used had to meet several cri-
teria: '

1. It had to have a spread of low to high skill proficiency.

2. It had to be in a career field that was not becoming
obsolete. : '

3. It had to be an MOS where military support could be
obtained.: ’ _

It had been proposed to select a MOS from the electronic mainte-
nance field, since HumRRO's experience has shown that technicians
gain in skill proficiency with job experience. Steadman and Harrigan
(213) had also indicated that graduates. of Navy electronic maintenance
schools were not expected to meet even minimal job performance require-
ments for the first six months on the job. An MOS with sufficient
personnel for testing purposes that met the criteria was 26C20, Ground
Surveillance Radar Repairman. Technicians holding this MOS are re-
sponsible for the maintenance and repair for three radars. Upon com-
pletion of an additional schnool course, technicians are also respon—
sible for the Forward Area Alerting Radar (FAAR). The technicians
are trained to perform maintenance .at the organizational, direct and
general support levels. A complete description of the duties of MOS
26C is included as Appendix A.

B. Review of MOD-B Report

As part of the effort leading to the categorization of job skills
for the 26C technician, data.and information were obtained from two
sources in addition to the Technical Manuals. First, a copy of the
Military Occupation Data Bank (MOD-B) report for February-May 1973 for
the 26C MOS was reviewed. This led to the development of a job rating
form. The second source was experienced technicians who were indi-
vidually interviewed.

A MOD-B report presents a compilation of responses to a question-

naire about the job tasks and conditions for an MOS. The purpose of
the questionnaire is to obtain information to be used for: :
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Describing the duty MOS based upon what is actually done.
Determining what changes may be necessary in the MOS.
Insuring that duty positions are properly graded
Improving Service school tralning.

Improving MOS tests so as to reflect what is actually
done on the job. ' :

nHwnNn -

The data of specific concern in the review of the report were the
responses to the job task questions. To each question the individual
must provide two responses—-whether or not he performs the task, and
if he does, how often (seldom, occasionally, frequently).

A total of 329 tasks were listed in the MOD-B report: omne hundred
and thirty tasks were reported as being performed by 50% or more of
the responding technicians. These were used in a job rating form (see
Appendix B) subsequently filled out by experienced technicians during
an interview:. A breakout of a gross categorization of tasks is pre-
sented in Table 1.

TABLE 1
GROSS CATEGORIZATION OF TASKS FOR MOS 26C

#f of Tasks in # Tasks Performed

Task Category MOD-B Report by 50%Z or more
Prepare paperwork . 34 : ‘ 10
Use written material 14 i 6
Use basic electronics 61 .19
Equipment related 220 95

C. Interviews With Experienced Personnel

In the evaluation of job performance it is important that critical
" tasks be included in the evaluative process. Interviews were conducted
with 13 experienced individuals familiar with the duties of 26C tech-
_nicians. A stTuctured interview was used (see Appendix B). Each indi-
vidual also was to rate the criticality of the tasks didentified in the
review of the MOD-B report.

Tasks identified as critical by most of the interviewees were:
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Determines current by calculation.
Analyzes schematic diagrams.

Uses schematic diagrams in isolatizg faults.
Uses proper soldering techniques.
Repairs IF preamplifier.

Tests for shorts and opens.
Aligns: :

1) Receivirs

?) Transmootserz

.») Indicators;

-} Synchronicers

5) Synchronizer zircuits;

6) Synchronizer systems;

7) Power supplies;

8) AGC circuits;

9) Video circuits;
10) Range market circuits;
11) TIF preampli==srs;
12) Audio circu—s.

MO AN TP

The i:terviewees were &ziso asked to describe the job of the 26C
in terms of main work categories, and the following list was provided:

a. Inspect.

b. Troubleshoot--determines—localizes problems.
c. Test for troubles. ’

d. Analyze.

e. Repair and maintain.
f. Align.

g. Replace.

h. Identifies what cannot be done by 26C.
i. Overall performance testing.

j. Performs modification work orders.

k. Uses forms--records.

They also reported that when assigned to 26C duty position, the tech-
nician spends about 90 percent of his time on MOS duties. However, as .
this research progressed to the field evaluation stage, it was found ¢
that a majority of 26C technicians were not actually assigned to MOS
duty positions. '

The results of criticality ratings by the interviewees are summarized
in Table 2.
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TABLE 2
T QUIEECTY OF TASK RATINGS BY CRITICALTTY LEVEL

Criticalitv .avel of Task
0 1 2 3

# co task=s ~where 50% or
more usad ttzo rating ' 0 3 45 85

As can be sex , (he s-iperienc=d wechnicians gemerally agreed that a
majority cf f#ia Zmmisus that ar= pe=rformed by 50 percent or more of the
26Cs are impo' =@ .ar critical to adequate job performance.

Informat. = & -zso obtained on the commanly occurring malfurz-~
tions. This' . "=t7==—on was asked for to help identify problems that
would be reali-.:. ar evaluating job performance. Malfumctions were

© identified fr .2 2of three radars. The most common malfunctions

dealt with b- = 240 an each of the three radars are:

a. AN/PP ~¢s—-—znsmitter system
~==mge system
:aodulator

wmagnetron adjustment
Tower cables

b. AN/P2S—— —-ontrol indicator
g2ars in antenna
r=ceiver transmitter
Z300 block~-power supply

c. AN/TPS-E5—~pouwer supply
zznzrol indiicator
—ge indicator

AT

“===quency convertor~CU937
=m—lifier dector power supply-AM2575

resistor hooked to transformer in transmitter
circuit

high level amplifier

Anticipating that testing time would be limited, malfunctions that
would require az =xtemwsive amount of time were also identified. The
malfunctions rem—==d to be the most difficult to repair were:
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a. AV/PPS-4A-~transmitter-~hard to get at
IF strip alignment--no set procz=dure for dosing it
mago=tron—power convertor

b. £N-PPS-5-- antenna positioning system
magnetron =n Block 100
Block 100—difficult to get at

c. AN/TPS-33--CRT-—difficult to get components cux=
indicator loop
mixer duplexer

Eazch technician was asked to describe his genera: " :nubleshwoting
procedures. Troubleshooting had been identified as tmiirag up about
90 percent of the technician's time when working in =r'™3S duty pasi-
tion. The general trouble procedures reported were . similar.
Specific sequences for use of test equipment were noc z=morted. Gen-
erally, the procedure was to turn on the equipment ant m=ke operz—
tional checks. This would provide general symptom irTormatiom. Mext,
test equipment would be used to gather additional symptowm infommattion.
Tests would continue until the problem was localized to a sectiom.

If possible, the specific problem within the defective section would
be identified. The problem would then lead to repair or replacement
of a component. If veplaced, the defective component or section would
be sent to higher maintenance. .

When asked to describe a fair performance test, all respondents
indicated that a troubleshooting problem would be the best. Most
troubleshooting problems require the application of critical skills
and,would require as much use of test equipment and theory as possible.
They also indicated that the problem should be one that most profi-
cient maintenance personnel could complete in a specified time period.
It was determined that most single malfunctions, excluding those
identified as most difficult, could be identified in less than an hour.
This would not include repair procedures.

D. Categorization of Tasks

The data and information described in the above sectimn:z were re-
_viewed with the conclusion that the important and criticzl tasks could
be categorized in a matrix similar to Table 3.
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-t first, the concept of skill ¥was considered as a means of categor-
-zing che relevant job perZforrs . dirmensions that differentiate be-
—ween .eve s =f proficiency. &= it turned out, differences between
crofic lent :zud non-proficient .: hnicians vas operztionalized in terms
o tin : o wapair specific malf .:ctions. When a technician graduates
from : Is mz:=-tenance course, k= i ~rforms his job by the book, which
tzkes i 3= has little kncw? uge of ~various malfunctions that
ozcuxr In h: field. The kindse .. malfunctions that are dealt with in
schecl ars :nose that are easic:=- to insert in the equipment. As he
gzing Iz =uperience, he deais wii=h an increzasing variety of malfunc-—
tiong, lz.::-ing the specific sym..tom infzrmation that is .relewvant to

the p=—=zi=m. When he comes ac=:as a protlam a second time, he will
tend to & Zizectly to the mal-“mction rather than using the book
roublszs:  =ng procedure taugitt in school. This takes much lese time.
1is knowlzzg= builds as he is ==guired to perform certain kinds of

ralatec tmsis on different partw. of a radar system. Thus, the matrix
in Tab_e 5 represents a comprezizensive summary of equipment-related
categortes =i job zasks that w=Zle-ts the m=ed for equipment knowledge
as wel_ us dne neex for mainten:mce skills.

An =ttempr was wade to sort tasks on an equipment-related and
date-r=lzted basis, but this did not yield a categorization that was
meaningful. Since troubleshootimg makes up about 90% of the tech-
nicians job, =z is continually seeking data and information from opera-
tional =quipment through the use of testing equipment in a sequence of
Steps tmat arz cictated by the information he obtazins. Given one bit
of symr—om irnformation. the ste- in the fault isolation process may
be quits dif:event thar would k2 required if another bit of symptom
informazicn .had been obtained. Another point here is that differen=
tecuz=zans may mzi= different but correct subsequent checks for addi-
ticnz  symptom inficmmation. The inter-reliance of data, equipment,
anc m=.hnician exp=rierce ic such that it 4id not make operational
sec== to separate Task belis=Zors on this basis.

IV. CKILL AZQUISITZION SG..u77

The Z2MS incluies an inrzgration of training and work experience
&5 . omeams for imdIvideais tu cbtain requisite skill proficiency for

«de e -y performencz.. The Army utilizes a variety of training
“ppTmmzzzs ,  In additiosn. other trzining/education sources are avail-

ible T nersonmeil.

Wi oem tnis research was prommsed, it was assumed that cne acquisi-—
ticn - —molex wechuizzl skills occurred at specific identifiable

locari_nz:  As a mean: o | jdem=Tying these sources, individual$ were
intarviwcen to dei=rmine wheore tney developed their skill proficiency.
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Initial imterviews wth emeriz=ncad technicians -indicated that
electronic marntenance siill a:mofiriency weas develop=d primarily om
the job. Imizial exposure tc =lerrronic maintenance skills wsually
occurred in & training course ©of zome kind such as: MOS school train-
ing, MOS shor= course trainimg at cthe job locatiom, =ther th=m pri-
mary MOS scheol training, civiliz= school (both befoz= and during
m-litary service), and on-the- iot —rzining.

Schezol trzining for tte Z3Z MUY had be=n conducted ar For: Mon-—
mouth zad Ferz Huachuca, :he naw “xme of the UsSAICS. This course
provides a basic introdustior. 20 :e=mctyonic apd —adar tre2ory., Once
the individuals are famil :ar «z.tt The radar amd test equupment., there
is a heavy emphasis on de.elopimz —roubleshooring skills. At Fort
Huzchura, the Ground Surveilianme %adar Mmintenamce Schopl is mot
auchor=zed to make equipme=nt remszirs. All mzinrenance - perfrrmed
by a D2/GS shop on the base. &= a result, trombleshoot—ag tratning
does o=t include repair. The t—=alnees are reguired %o =rouble=zhoot
the ramzr set or some system to rsuccessive lavels of fault isolation
{to sy===m, subsystem or block. stage, and component). In the time
allotted for training, the inst—uctors feel timat if the traine= can
lezrn to successfully isciate t= the block, they hawe b=en successful
in their training efforts. Fro—her isclatfion to stage =ud componernt
becomes a matzer of time. It w=s obvicus ~hat a new school graduate
may have been introduced n a m=jority of zhe skills for job perform-
ance but that proficienzy wouli:.have to be developed on the job.

This was =aoparently che cas=, sitce sevaral supe—visory o 26C
personnel indicated thas they would generallv mot allow a new school
graduate te wowk or equsirment alcne for at least six =momrhs. It was
felt that the msn:: must *dncome familiar wirh the eguirment =nd practice
basic skflls fct = minizem 3f six months Zm order to secome competent.

This was not entirel~ -ae zzse with indiw-duals who, upon Fimish-
ing the 26C20 course, we: : “iractly into the F4AR maintenzmce course.
The basic maintenance sic ii:s That were developssr on-tte-jzb im the

first cass were deve’ope:' %fzile atzemding the T2AR corrse: by rhese
individuais.

During: FY 4—757. ther : w=s = restructuring of the 26 MOS. Before
that time. the 26C. 1 MOS qua’ified the individual to p=rform organiza-
tional lewal mainte wmmca only. Direct support and ger=rzl support
maintenance (DS/GS) was performed by 26C30 technicians. In FY 74 the
radar operztor .(17K) course was modified to include trz=ining on organi-
zational marntemance. The (DS/GS) MOS was changed fram 26C30 to 26C20.
Those individuzsils who had previously held the 26C20 MOS wexre offered
the option of metaining that MOS or changing to 17K20, *he .operstor
MOS. Many elecred to retain the maintenamce M0OS. Ther sulsequent lw
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were familiarized with the DS/GS maintenance t=sks in one of two ways.
They either were given on-the-job traininz or ook a short zourse to
upgrade thair skills. This short course was ziven in some tases, at
the job location and, in: other cases, at Zort Huachuca.

The technicians who took part in this ~esmarch were divided among
the various training locations as follows: oTganizational wmainzenance
training ~ 12; DS/GS maintenznce training — 1Z; FAAR mzintenance
training at Fort Euachuca - 5; Fort Monmou:rh wmaintenance training - 6;
and on-the-job trainirg -~ 5. In addition, wmamrr individuals had taken
other electronic courses of —arious kinds = = mezns of developing
more knowledge and skills. There were also =wo individunals whe had
served previously in the US ¥arine Corps a= wlectronic tectmici=ns.
Others bad held civilian job=: that requirec smme &nowledge of =lec-
tronics.

On-the—~job experiences wvaried widely amows the sampie of techni-
cians used in this researcm. Mamy had verr IZittle actual experience
o the maintenance of ths r=d=rs on which hev had received training.
There were three reasons for zhis: 1n some cases, the equipment was
not available; some technizians were not assizned to a ZnCXI MOS duty
position; and in other cawes, only one 2T twy techniciams iz z mainte-
nance shop were actually used #» repair the wdzrs. In sow= mainte-
nance shops, individual technicisns specia’izze in the repaiz of ¢
specific system such as the recziver system ¢z the rada—.

In summary, skills in elactroniic wehdintenarce are devalmyed war-
iously at training and work cocsmioms, Tactxo slzns zammeT Tveadily

‘identify where their skills wer= acguiz=d, &' " gemerally =aptze cthat
the skill requiremenzs are #xt.:cdeced =m sore trafning —orrr=m and
then developed tc a proficisnt lsvel &z 2 —acult of exm=—iz e in

the applicetion af tke skills.

V. DEVELOPMENT OF PERFORMANCC —=STS
A. Per}formanca Otjectives

Both product zmd process amproaches to evalwating job r--rformance
were considered in this research. Ther=feore, ftt was necessury to

~ develop complete performarnze cimjectives (i"0) Zor importmat wmd crit-

ical tasks. Theoretically, e evaluavion =¥ jub pr..fislen — using
performance tests could ‘¢ ~aw 7 upon & Y@ seleczior of 7job tasks

to be included in. the t=+ Th'z would pe: iz generali 21 of test
performance to job perfors wmce. Pexformar . “tjecrives .c- M08 26C.
are included as Appendi: C. Each PO coat iz’ & statames - 21 the task

zction, the job conditicns under whiich the astion is pe.formed, and



the standard of performance. The standard includes a list of steps
and trocedures required to perform the actionm. This list would be
used .in a process evaluation approach. ‘

B. Selection of Test Items

4 significant problem existed in determining the '"size" of the
test that should be used in this research. The literature provided
litrle guidance. Earlier PTs had used from three problems to 120.
Testing time had varied from 1/2 day to 9 days. Since MOS evalua-
tioz was an important issue, the MOS testing system was reviewed.
Most written MOS tests take three~four hours. Each has 120 items
wizich ‘yield a score of 160 points. This review also was of little
belp in that if tasks were to be used that required an hour to per-
form a maximum number of test problems that could be used would be
four If thie same awount of time were to be allowed.

Finally,, an analysis of the experimental tryout of the PTs was
mzde in order to determine the number of tasks that could reasonably
be vsed. Initially, it was believed that eight problems could be
wsed, and plans were drawn up to develop that many. However, because
cf th:z time, personnel and equipment constraints, it was concluded
that only three problems could be realistically evaluated within the
resouces available.

Lt was concluded from the interviews with the experienced per-
socne:l that th: AN/PPS-5 radar should be used as the equipment vehicle.
Zor tids research. The other radars (except the FAAR) are programmed
to be taken out of the Army imventory in the near future, being re-
placed with the AN/PPS~5. It was also determined that there were not
enoughh FAAR mechanics in the Army, even worldwide, for testing pur-
poses. :

Two TMs and a school-produced job aid were obtained and reviewed
in detail. These were: ,

TM 11-5840~298-12. Organizatiomal Maintenance Manual
Radar Set AN/PPS-5

T™ 11-5840-298-35. DS, GS, and Depot Maintenance Manual
Radar Set AN/PPS-5 ,

ST 30-40-32 (Sept 73) Introduction to Radar Sets
’ AN/PPS-5 and AN/PP3-5A
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Eight tasks were selected to be developed for the research evaluatien.
These included: five troubleshooting tasks, one removal and replace-~
ment task, a bench servicing task and an adjustment/zlignment task.
After it was determined that only three tasks would be feasible, these
eight tasks were reviewed. The adjustment/Alignment problem presented
difficulties. First, a reasonably difficult problem could take even

a proficient technician longer than would be feasible for test pur~
poses. Second, standardizing the amount of misadjustment/misalignment
would be difficult. Third, a misadjustment/misalignment problem could
present symptom information that could mislead technicians.

The bench servicing and removal/replacement tasks required the
same kinds of job behaviors as the troubleshooting tasks. So it was
concluded that the troubleshooting tasks would require almost all of
the skills contained in the other tasks. Troubleshooting requires
that the technician perform the following kinds of activities.

1. Operate the radar set. .
2. Troubleshoot the radar set using starting procedures.
- 3, Troubleshoot the radar set using test equipment.
4. Remove and troubleshoot systems using test equipment.
5. Remove and troubleshoot component parts using test
_equipment, '
6. Use written materials and schematics in troubleshooting.
7. Fill out DA forms.
. 8. Replace systems and components.,

Specific malfunctions and their related symptom information were
identified and described for five troubleshooting problems. ZInput was
obtained from personnel at the USAICS in problem selection, since
initial plans were to conduct all testing at Fort Huachuca. All prob-
lems could be identified using a special test set, MK~980 Test Facil-~

ities Kit. The problem also required that faulty cowponents be in-
serted in the radar. ‘

As the research progressed and attempts were made to try out the
test problems, several difficulties arose. First, it was determined
that there were not as many technicians at Fort Huachuca as first in-
dicated. Personnel with 26C MOS were located at Fort Bragg, Fort
Hood, Fort Bliss and White Sands Missile Range. However, it was de-
termined that maintenance shops at these locations did not have all
the necessary test equipment, specifically the MK-980. Therefore,
some test problems were developed that did not require the use of the
MK-~980.
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A s=cond problem was concerned with insertion and removal of
‘faulty components. When components are replaced on circuit boards
"(cards or chassis) the rescldering makes it obvious that the com-
ponent has peen inserted. Technicians, while in school, learn to
use this kind of information to identify the malfunction. Additional
concern was that specific malfunctions can cause damage to other parts
of the radar. It was decided, then, to obtain circuit cards that had
a specific melfunction and insert the entire card into the set. These
cards are plug-in units and would not-provide extraneous information
that the resoldered component would. Cards with such malfunctions
are sent to depot maintenance shops for repair, specifically to
Sacramento Depot in California. An attempt was made to obtain several
of these cards, but administrative time delays precluded their use in
the field testing. :

In summary, three troubleshooting problems were selected based -
‘upon pragmatic considerations--to fit the actual limitations that
existed. Two, problems did not require the MK~980, or the insertion
of malfunction components that needed to be soldered in. One used a
disconnected plug and the other used malfunctioning crystals that were
inserted like fuses. The third problem required the MK-980 and was
used at Fort Huachuca and at Fort Bliss only. (Fort Bliss finally
obtained amn MK—980 )

C. Performance Test Construction

1. Evaluation Manual. A combination of performance test formats
reported in the literature was used in the development of the evalua-
tion manual for this research. ‘There are six sections to the manual
(see Appendix D). The first part provides general imstructions about -
performance testing to the evaluator. General procedures for prepara-
tion and administration of a test are also included. The next section
is the performance objective for the task making up the test. The
third section presents references to the specific procedures that are
described in the TM for isolating the malfunctioning part. This is
provided for the evaluator's information, and probably are not the
procedures that would be followed by experienced technicians. In the
interviews and subsequent discussions with experienced technicians,
it was concluded that the specific sequence of troubleshooting pro-
cedures would vary with individuals. Therefore, the evaluator was
instructed te look for "eud products" of the troubleshooting activi-
ties rather than for a specific sequence of steps. The scoring pro-
cedures reflected this conclusion. :
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2. Administrative Requirements. The next section of the manual
presents detailed instructions for administration of the test. Spe-
cific instructions for evaluating test performance are presented.

The task is described in terms of what the technician must identify

in his isolation procedures. There is also a description of what the
examinee must demonstrate through his behaviors. Next, the test con-
ditions, equipment, tools, and materials required for the test are
listed. The test facilities themselves must meet several requirements
for safe operating procedures. These are described, along with the
qualifications of the test administrator and test evaluator. It was

.assumed that more than one cxaminee may be tested at one time, so
duties were separated for administration and evaluation. Prior to

beginning a test, the symptoms must be verified for each problem.
This included checking the. radar for its operational condition and
ensuring that only the desired set of symptoms existed. A checklist
was provided for this purpose. Next, the instructions to be read to
the examinee are presented. '

3. Evaluation Alternatives and Scoring Consideration. The last
section covers the scoring of test performance. The literature had
discussed two general approaches to evaluating performance--using some
measure of product evaluation or some measure of process evaluation. -
Or some combination of the two. Products of task behavior could be
measured in the following terms:

1. Time to complete the task.

.2. Quality of the final work--in this case, in terms of
whether or not the radar set works properly when the
technician finishes the task.

3. Identification of a malfunctioning component, but not
. : its replacement with a functioning component.

Process would be measured in terms of determining whether or not the
examinee used the correct procedures, in an appropriate sequence,
while completing a task. This evaluation was determined to be in-
appropriate for the troubleshooting task since there was not a specific
set of procedures that are followed by experienced technicians.
"Therefore, a combination of subproducts were identified as a possible
alternative to evaluating the troubleshooting process. 1t was deter-
mined that malfunctions are isolated from the radar set to a system,
to a sub-assembly, to a stage and finally to a component. ' So, instead
of one final test product, four subproducts could be identified. This
was the evaluation approach for two of the three tasks used in this
research.
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In addition, it was concluded that maintenance performance could
also be evaluated by scoring how test equipment was used and whether
or not safe operating procedures were followed. Six pieces of test
equipment were identified as being Vulnerable to improper use. The
specific improper actions that could damage a piece of test equipment
were listed in a checklist. A checklist was also drawn that described
unsafe operating procedures.

Each of the.three evaluation sections were scored as satisfactory
or unsatisfactory based upon a logically decided criterion. The Iso-
lation of Malfunction section was scored satisfactory only if the

‘malfunctioning component was correctly identified within the time
limit. The Equipment Use section was scored satisfactory only if

Action #Al (Measures resistance with equipment turned on) was not
committed and no more than two other improper actions were committed.
The Safe Operating Procedures section was scored satisfactory if no
more than three unsafe actions were committed.

VI. PERFORMANCE TEST EVALUATION
A. Evaluation Procedures
Once the performance test manuals were completed, the-first step

was to iron out any administrative.difficulties and correct any
difficulties in the instructions. - Several experienced technicians

who were qualified to serve as evaluators were given the manual. and

asked to administer the test. This led to several modifications and
additions to the instructions which Were made before actual test ad-
ministrations. It was pointed out by these technicians that it would
be difficult to administer this test at most locations other than at
a school location. The primary problem was that most maintenance
shops would not have all of the equipment and materials required for:
the test. In addition, most locations could not, without special

preparation, meet the facilities requirements.

1. Evaluators. The field testing of the performance tests were

- conducted at four Army posts in the following order:

a. Fort Hood, TX
b. Fort Bragg, NC
"c. . Fort Huachuca, AZ
d. Fort Bliss, TX
° -In order to compare results acresSs these four sites, a technical
assistant on the research project served as one evaluator at all four
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sites. Two additional evaluators were available at Fort Bragg and one
additional at Fort Hood and Fort Bliss. Except for the technical
assistant, all evaluators were Army enlisted personnel. All evalua-
tors had considerable background experience in electronic maintenance
and all were quite familiar with the AN/PPS-5 radar set and its re-
quired test equipment. In establishing the evaluation procedures,

it became apparent that an evaluator of electronic maintenance per-—
formance must have a minimum amount of electronic maintenance exper-—
ience in order to validly assess the use of test equipment and safe
operating procedures. All evaluators were extremely competent and
cooperative, which facilitated the data gathering effort.

At all locations data gathering had to be coordinated with on-
going job responsibilities of evaluators and examinees. At Fort Hood,
the testing period . was shortened due to a Battalion demonstration.

‘2. Examinees. When the 26C MOS was selected for use in this re-
search, it appeared that an adequate number of personnel would be
available at Fort Huachuca to meet testing requirements. Unexpected
events, however, occurred as the project progressed. Two classes of
26C students were cancelled and other classes.had reduced input.
Several experienced technicians were transferred. Others did not
wish to participate as test subjects because it had been several years
since they had been on the equipment.

The only other sites .in the country with both personnel and enough
equipment for even minimal testing. were Forts Hood, Bragg and Bliss.

"A total of 43 technicians were tested. Their experience in elec-

tronic maintenance varied from none (except school training) to 120
months. Table 4 presents a distribution of experience range.
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TABLE 4 -

ELECTRONIC MAINTENANCE EXPERIENCE
, OF EXAMINEES

Experience in months Number of Examinees
0 (students) | 6 |
‘ 1-6. ‘ o 11 .
. 712 - 7
13-24 ‘ 12 -
24+ ' , ) ‘ 7

All examinees were not tested on all three tests for several
pragmatic reasons. Test equipment was not always available. Some
individuals were available for only enough time for two tests. - Equip-
ment breakdowns could not be repaired in enough time to finish some '
testing in the time available. And delayed access to equipment did
not permit preparation of equipment before test subjects. arrived.
Thirty technicians were tested on-the first problem, 32 on the second
and 40 on the third. < ‘ : ' »

Background information was obtained on each subject. This in-
cluded his job experience, education, other M(S ‘experience, additional
school experience, ipproximate number of radars repaired in last year
and MOS test score. Only eighteen examinees had 26C MOS scores. The
other 25 examinees either had not yet taken an MOS test or had taken
a test for some Other MOS., Scores ranged from 48 to 137, with an
average score of 104, ' :

~ When grouped by testing location the examinees differed in mean
experience, MOS test scores and job ratings obtained from immediate

supervisors at time of testing. This descriptive data is presented
in Table 5. ' .
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TABLE 5

Experience Level, MOS Test Scores and
Job Ratings of Examinees of Four Test Locations

Test Location

Hood  Bragg Huachuca Rliss

Exp* x 28 . .30 8 22

- s.d. 10 40 8 So27
N 6 7 19 11

MOS x 92 103 127 86
s.d. 8 33 9 .27
N - 3 6 5 4

Job x 4.7 5.5. 3.7 5.2

Rating** s.d. .5 .8 .98 .7
N

6 7 19 11

* Experience is expressed in months of electronic
maintenance experience.
** The immediate supervisor of each technician was asked
to rate him on his overall job performance using the
~ job performance rating scale from the Enlisted Evaluation’
Rating form. Scale values ranged from 0-6. Ratings,
however, fotr the technicians ranged from 4-6.

Most of the examinees at Fort Huachuca had very little job experience.
Most of them had just recently graduated from-school. They were -
given low job ratings by their supervisor. The experienced techni-
clans at the school had performed better on their last MOS test than
did the experienced personnel at other locations. The large standard
deviations of 40, 33, and 27 result from small numbers of subjects

and a wide range of scores.

This descriptive data is presented as a means of further sub-
stantiating the requirement for standardization of these administra-
tion and test conditions. The literature had indicated the possible
increase in variance due to interaction of individual differences and
test conditions. Without standardized conditions and procedures,
variation in performance test scores could be attrlbuted to invalidity
of the test, rather than to interaction effects.
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3. Procedures. Generally, the field testing followed the same
saquence of procedures at all locations. A meeting was held with
individuals who were responsible for supporting the research. The
research purpose and evaluation approach was described in detail
(see Appendix D). Next, the specific administration and scoring
procedures were reviewed with the evaluators. The next step was to
locate and assemble the required equipment, tools and other materials.
In most cases, this was taken care of prior to the research team
visit. The test stations were then set up, arranging the equipment
and tools in a standard arrangement. A different test station was
set up for each test problem. Once this had been completed, the
evaluation procedures were reviewed once again.

When a test subject arrived, he was first briefed as to the pur-
pose of the research program. He was then read the instructions for
the test. Almost all examinees went immediately to the problem with-
out asking questions. - After a few examinees had completed the test-
ing, it was decided that two examinees could be tested simultaneously,
which was done subsequently when two subjects were available at the
same time. The evaluators placed themselves where they could observe
both examinees at the same time. )

Upon completion of a test, the examinee was moved away from the
test station and the station was prepared for the next test. Exam-
inees were not allowed to discuss the test problems between tests.

In most cases, where two examinees were tested at the same time, they
usually finished one test and started the next one at different times,
so they had little opportunity to discuss the test. There was no
evidence throughout testing that examinees had prior information con-
cerning test problems, '

B. Evaluation Problems .
Several prcblems that arose during this research have been men-
tioned throughout this report. These problems will be summarized
here. The primary problem was the location and coordination of.equip-
ment and perscnnel. Equipment was the most difficult to. locate.
Specifically, the MK-980 test kit was the least available. In some
cases, this test equipment was reported as malfunctioning or not work-
ing at all. It was indicated that experienced personnel were not
familiar with it and therefore, were not willing to use it. TIn other
cases, radar sets that were available were not operating properly.

One problem that occurred several times during testing was than

an unprogrammed problem cropped up in the radar system.. If the
evaluator had not been sufficiently experienced, the problems would
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probably not have been noticekd until' the pre-test equipment check
prior to the next test. As'it turned out, two problems were solved

without much delay and the other two with only a short delay in
testing. '

Another significant problem was in standardizing the test condi-
tions. Only the Fort Huachuca location met the-full requirements
specified in the administration procedures (see Appendix D). Other
locations lacked proper grounding of work space and equipment, lacked
safety and first aid materials and did not have a full complement of
available eqdipment. ' o

It was - also noticed that there were some differences in evaluator
behavior. Several could not help but ask the examinees for informa-
-tion during the test, although they were instructed not to. Such
questions as the following were asked: -"What do you think?", "Hava
you located the problems?", "Why do you think it's that problem?".

It was felt that such questions did not invalidate this data, but it
does indi¢ate'that evaluators, unless well trained, may have some
difficulty remaining completely objective. '

C. Feasibility of the Use of Performance Tests

Definition of Feasibility. The first problem in evaluating the
feasibility of using job sample, hands-on-equipment perform=mce tests
for measuring job proficiency is to define the temm feasibItt asg
it was used in this research. -

There ar= the elements of test validity and reliability iz=at must
be included in the definition. With valldity, the primary concern
becomes tiwe question of what criteriom is appropriate for evaluating
a job sample, hands-on-equipment performance test. The literature
review indicated that content validatiom, with an adequate job analy-
sis, would serve the purpose. The tasks selected for this research
were determined to be important or critical by a sample of experienced
technicians. '

Reliability of performance test scores must also be considered in
the definition of feasibility. For this research, reliability of
scores was determined by obtaining measures of inter-rater (evaluator)
reliability. -

In this research project, administrative/logistical factors becane
a major consideration in the definition of feasibility. Design, con-
struction and conduct of the actual test presented few problems. The
location, assembling and preparation of equipment and materials all
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had to be considered in establishing standardized conditions for test-
ing, as well as the standardization of evaluator behaviors. These
considerations were relevant because of the necessity of administering
the performance tests at locations other than where conditions were
ideal (Fort Huachuca). _ i ) :

A last issue that should be pointed out that would influence per-
formance on performance tests is the familiarity of MOS holders with
all of the equipment for which they are responsible. One examinee in
this research stopped half way through the time allotted and said he
had never worked with the equipment, but if he had an unlimited amount
of time he could solve the problem. However, in the test situation,
time is limited and allowances are not made for becoming familiar with
the equipment. The point is that if an individual is to be given a
performance test on any equipmeént for which he is responsible, he must
be provided access to that equipment for practice.

Evaluation of Results. Test Performance--Four dependert variables
were obtained on ezch o7. three perfurmance tests. These were:

Time.

Malfunctiorn isolation-
Use of test 2quipment .

. Safe operatzon procedures

Do =

Test A required the examinees to use the MK-980 test facilities
kir to isolate an open capacitor. . (For a detailed description of the
tests, see the example in Appendix D.) A total of 30 examinees took
this test. The malfunction was successfully identified by 16 (53%)

of the examinees. All 30 were successful in their use of test equip-
ment and all were satisfactory in the use of safe operating procedures.
The average time of those who identified the capacitcr as open was
34.24 minutes. ' '

Test B was an open plug problem. Twenty one of 32 examinees (66%)
correctly found the problem. It took an average of 38.24 minutes to
successfully identify this problem. A total of 14 examinees used test
equipment, and used it correctly. Again, all examinees were satis-
factory in their safety procedures.

Test C was a typical field problem, the identification of a pair
of weak crystals. Of t-e= 40 examinees, 23 (58%) correctly ideatified
the malfunictions. No om= misused the test equipment. Everyone used
safe operating procedures. The average time to successfully identify
the problem was 32.08 minutes.
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Of those examinees who did not successfully identify the malfunc-
tions, all but two used the entire time (60 minutes) that was
allotted. Both of these examinees stopped after about 30 minutes
and gave up. ' : '

Validity. The primary approach taken to establish the validity
of the three performance tests was to assure content- validity. A
check was made with each test subject to see-if he thought the test -
represented his job. All examinees indicated that the troutleshooting
problems were fair--that they expect to see those or similar problems
on the job. Subsequently obtained information on actual numbers and
types of malfunctions in the AN/PPS~5 radar set has provided further

revidence of the validity of Test A. The crystal problem used in this

research was reported Lo be the most frequently recurring malfunction

in the field.

4 second validation  aporoach that was used was the mastery classi-
fication approach as sugge::red in the literature review. Mastery was .
defir=d using three exterm:1 criteria--~amount of job.experience,
supervisor ratings of job merformance and MOS test score. In terms
of -jwo ‘experience, those w=th more than 12 months of experience were
clas==d .as masters, those with 12 months or less as ncn-masters.

The I2th:-month was selected as the dichotomization point because pre-
vious research by Williams and Whitmore (28) found that job perform-
ance scares-began to level off after 12 months on the job.

All test subjects were rated by their immediate supervisor at the
time the PTs were administered. The scale from the Enlisted Evalua-
tion Report was used. This scale has six rating points varying in
definition from unsatisfactory to outstanding. The ratings of the
examinees varied from 3-6. Those who were given a rating of 5 or 6
were classed as masters. Those with a 3 or 4 were classified as non-
masters. K

.The MOS test scores were dichotomized at a score of 100. Those
above 100 were classed as masters and those telow as non-masters

-for the purpose of this evaluation.

The Kappa coefficient was used to evaluate the relationships be-
tween ths master/non-master classification on the pass-fail scores
on the tests. Kappa makes no assumption as to the data distribution
and it corrects for chance agreements. The Kappa coefficients are
shown in Table 6.
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TABLE 6

Relationships Between Job Experience,
. MOS Test Score, and Job Ratings
and Test Performance (Kappa Coefficient)

Test Job Exmperience MOS Score Job Rating
A —.38% | .52% -.36%
B L =02 .53% .38%

c .25 ' .19 .16

* p < .05

These results indicate that for Test A the technicians classified
as non-masters by experience and job ratings performed better on the
test. This is an explafnable result in that Test A required the use
of the MK-980 test faciFities kit and many of the experienced tech-
nicians (masters) had not used or received instructions on how to
use this equipment. The technicians who had received higher job per-
formance’ ratings were also the more experienced.

o Table 6 indicates that techniciaqs classed as masters on the
basis of job rating and MOS. score pérformed better ‘on Test B than
non-masters. Test B used the crystal problem commbnly experienced
in the ‘field. ' S ' R

‘The significant relationship detween MOS test scores and perform—
ance on Test A and B confirms earlier work by Williams and Whitmore
(28). They had found positive relationships between written test
scores anc performance test scores.

No empirical confirmation of the content validity was found in
Test C using these mastery definitions.

Reliability. . The reliability of the tests was looked at two ways.
The first was by correlating pass/fail performance on all three te°ts
w1th each other. These relatiorships arc‘presented in Table 7.
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TRBLE 7

Torrelation Matrix for iPerformances
on A1l Three Tests (Kappa)

 "Pest
B C
A - .55% .39%
Test
: B ' 2%
* p‘<'.05

Intertest reliability was foumnd to be significant at the .05 level.
This indicated to some degree that the technicians' performance on
one test could be predicted from performance on another.

The second assessment of reliability used interrater agreement
evaluations. As indicated earlier, only one rater rated all examinees.
When the satisfactory-unsatisfactory scoring criteria were used to
‘compare raters, there was 100%Z agreement. ALl emamipees met the
criteria for success on the Use of Test Eguimment sectfon and an the
Safe Operating Procedures section. The critezia for a satisfactory
score on the Action section was clear cut, and the examineezx’ p=r-
formance was obvious to the evaluators.

When the process scores for the raters wer= compared, some
differences were noted between r=ter 1 and th= other raters. The

correlation between this evaluator and the oth=rs for this data is
shown in Table 8. S

Ame
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" TABLE 8

Interrater Correlation Matrix
(Rater 1 witlr Raters 2-7)

-Rater
2 3 -4 5 6 7
.55 . «55 .61 . .56 .84 .70

In addition, evaluators 4 and 5 rated the same examinees. The
correlation of these ratings was .96. A combined interrater reli-
ability of .73 was obtained. - '

Time. The test results were also looked at in terms of the time
to perform measures. Table 9 presents the mean times for the tech-
nicians who successfully performed on each of the three tests for
three levels of experience. There were no significant correlations
found betu=en job experience and time to perform.

TABLE 9

Mean T1me for Suecessfu] Performance , o
:-by Experience Level

(Minutes) :
Months : : Test ‘
Experience A B c
0-6 32.0. 42.7 31.4
6-12 37.6 ' 35.5 32.6
12+ 25.0 36.3 - 32.9

Similar results were found when the time scores of those who
successfully completed the tests were compared across job rating.
Table 10 presents the mean time of performance by job rating for
each test.
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TABLE 10

Mean Time for Successful Performance
by Job Rating

(Minutes)
Job Test .
Rating A B c |
3484 33.9 350  33.8
56 33.6  36.3  32.0

"VII. SUMMARY AND CONCLUSIONS
A. Gene;a1*Conc1usions

The most obvious conclusion tiat can be drawn from this research
1s that if the criteria for evaluating electronic maintenance per-
formance are clearly defined, different evaluators will reach the
same conclusion concerning performance. For the product evaluation
approach (satisfactory vs. unsatisfactory test performance) there
was 100% agreement between the evaluators on an individual's per-
formance. The authors are not aware of previous research. where this
- results was reported. This would appear to be an important issue,
if performance tests are to be used to evaluate job performance
where different evaluators may be evaluating test performance at
différent locations. From this research, it can be concluded that
the same conclusions about an individual's performance on these PT
would be arrived at independent of who the evaluator is or where
the testing is conducted

Tﬁe eValuation approach using process scores d1d not yield the
same level of agreement as the product approach. A minimum interrater
reliability coefficient of .73 was found here. It can be concluded
that evaluators can agree on whether or not a technician can do a
job, but do not agree to the same extent on their evaluation of how
the man does the job. Previous research (77) obtained data on a process
evaluation approach where an examiner and an observer recorded the
time at which technicians performed task activities. They found
agreement between the records 80 percent of the time. The present
research found a lower figure, 53%.
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Research by Baldwin, et al. (71) and Williams and Whitmore (28)
had earlier found positive relationships between electronic mainte-
nance .experience and test performance on troubleshooting tasks. This
is a result that would be expected if it is assumed that skill pro-
ficlency is developed as the individual becomes familiar with opera-
tional and test equipment, and as he practices the behaviors making
up job skills. As reported in the skill acquisition section, these
assumptions appear valid. Therefore, if a test is a valid represen-—
tation of the job, the more experienced technicians should do sig-
nificantly better than inexperienced technicians. This was not con-
firmed in this research. It was assumed that job knowledge was a
requirement for proficient job performance. Technicians with higher
MOS scores did perform better on Tests A and B. Therefore, if per-
formance by technicians with more job knowledge can be viewed as a
criterion, two of the three PTs can be assumed to be valid for

measuring job proficiency. This conclusion on validity is in addi-

tion to the content validation approach that was taken in the develop-
ment of the PTs.

It had been assumed that job proficiency of electronic maintenance
technicians could be defined by performance of a required task in a
minimum time using test equipment and tools properly, and using safe
operating procedures. In this research, the only dependent measure
that differentiated between examinees was performance of the task
action. ' Across tests, 60 technicians passed and 42 failed on the
action element. There were no unsatisfactory scores on the test
equipment and safe operating procedure sections. There was a spread
of the times required for successful completion of the test from 9 to
60 minutes. This range of times did not correlate with amount of ex-
perience. All but two of those who failed tuwok the maximum allowed
time. In some cases, it could be argued that some who did not identify
the malfunction would have if they had been given more time. But this
-is a supposition. Otherwise, time as a dependent measure of jOb pro—
ficiency was not confirmed, other than to say 60 percent of the sample
correctly identified the malfunction in 60 minutes or less.

The conclusion here is that the correct isolation of a malfunction
is the most discriminating dependent variable that can be used in per-
formance test evaluation of electronic maintenance proficiency.

From the interviews of technicians concerning where they acquired
their skills, it can be concluded that the skills that lead to pro-
ficiency performance in a complex technical MOS are introduced in a
training program but developed while actually performing the iob tasks.
Therefore, to develop full proficiency in an MOS, a technician must be
assigned to a variety of duty positions in his MOS.
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B. Use of Performance Tests

Two issues were of concern in this research for the use of job
sample, hands-on—-equipment performance tests. The first was using
PTs for evaluating job proficiency in a complex technical MOS. The
second was using PTs as criterion measures against which to evaluate
the validity of synthetic or simulated tests. The first issue in-
volves the question of pragmatic factors 'such as logistical support,
generalizability of test results, standardization of conditions, and
cost effectiveness as well as the psychometric considerations of
validity and reliability. The second issue is primarily concerned
with just the psychometric considerations.

It would appear from the difficulties encountered in this re-
search, that it would be pragmatically unfeasible to use PTs for
evaluating electronic maintenance job proficiency at other than the
ideal location where resident instruction is given for the MOS. This
assumes that temporary testing facilities would be set up at other
locations. This conclusion is based on a probable lack of a full
complement of test equipment and materials at maintenance sites other
than the school. In addition, it assumes that a formal. test location
would have to meet standardized test conditions, to include test sta-
tion set up and safety criteria. This would entail additional prepa-
ration costs at most sites., '

There is also the question of tying up and possibly damaging the
operational equipment that would be used in the PTs.  This fear was
expressed by several NCOs responsible for operational equipment. This
is only a valid issue if there is a lack of surplus equipment, which
was true for the AN/PPS-5 radar set. However, previous research con-
ducted by Williams and Whitmore {28) used operational equipment with-
out incident,.

The question of generalizing the results frcm a PT to total job
performance is a point that must be considered in establishing the
size of the PT. Usually testing time is limited. Therefore, only a
limited sample of jcb tasks can be included in testing. This gener-
alization question becomes more critical as the number of actual job
tasks increases, which is primarily a function of the number of pieces
of equipment for which a maintenance technician is responsible. For
the 26C MOS, the job activity matrix in Table 3 could be used with the
three radars to identify the task pool from which to select test
problems. This would " ~sult in a very large item pool, counting only
the important and critical tasks. As for the results of this research,:-

it -would appear that for the AN/PPS-5 radar, generalization from test

to the job may not be a problem, since significant, although moderate,
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inter-test correlations were found. The question remains as to gener-
alization across other equipment.

As for using PTs as criterion measures, it is assumed that simu-
lated test validation would take place under the best conditions, so
the pragmatic constraints should not be an issue. It can be concluded
that if other PTs are developed using procedures similar to those used
here, then they would be valid and reliable and could serve as cri-
terion measures for test validation.

C. Generalization to Other Complex Technical MOS

The question of generalizing these results to cther MOS addresses
the issue using PTs to evaluate job skill proficiency. This dis~
cussion is included to point out that the 26C MOS does not include
as broad a coverage of equipment responsibility as other technical
MOS, nor is the equipment as complex as in other MOS. The issue here
is derived from the fact that all individuals holding an MOS are re-
sponsible for all equipment in that MOS. For example, the 26W MOS
(to which 26C is a feeder MOS), is responsible for more than 20 major
pieces of equipment. In their service career, most technicians with
the 26W MOS see only a few of these pieces of equipment. There would
be a high probability that the majority of PT tasks- used to evaluate
job skill proficiency of a 26W technician may use equipment (both
test and operational equipment) that he may never have used or even
seen.

In summary, it would appear that -the pragmatic problems discussed

above for the use of PTs for the 26C MOS would multiply as the com-
plexity of the MOS is increased.
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APPENDIX A

CMF 26
Combat Area Surveillance Radar

MOS 26C

67




PRI

~

1 October 1973 .
CMF 26
COMBAT AREA SURVEILLANCE RADAR
REPAIRMAN

MOS 26C
Summary

Performs organizational, direct, and general
support maintenance on ground surveillance
radar and support and depot maintenance on
light air defense pulse doppler radars and
assoclated equipment.

Duties

MOSC 26C20: Performs organizational main-
tenance on ground surveillance radar sets
AN/PPS-,A, ANIPPS-5, ANITPS-254 and
ANITPS-33. Cleans components of dust, rust,
and foreign matter. Assists in reconnoitering
position areas, selection of sites, and em-
placement of radars and associated equip-
ment. Employs organizational test
equipment. Employs prescribed maintenance
manuals, repair parts, and special tool list.
Employs administrative and supply proce-
dures associated with the maintenance mis-
sion. Interprets schematics and technical
literature. Recognizes electronic countermea-
sures and applies appropriate electronic
counter-countermeasures.

MOSC 26C30: Must be able to perform the
duties of Combat Area Surveillance Radar
Repairman (26C20). Performs direct and
general support maintenance on ground sur-

AR 611-201

veillance radar equipment and support and
depot maintenance on light air defense pulse
doppler radars. Test-operates malfunctioning
equipment. Refers to circuit diagrams and
makes detailed tests through stages of equip-
ment utilizing voltmeters, ohmmeters, signal
generators, oscilloscopes, and other testing
devices. Identifies common malfunctions and
nonfunctions. Determines cause of breakdown
and extent of required maintenance. Replaces
faulty components, including vacuum tubes,
resistors, capacitors, and transistors. Adjusts
relays, dials, and controls using common or
specialized hand tools. Performs modification
work orders in accordance with prescribed
procedures. Advises organizational mainte-
nance personnel on changes in maintenance
equipment als‘_a result of modification work
orders. Keeps'tools and test 2quipment in
operating condition. Keeps worklogs current
and prepares supply requisitions. Applies
servo, timing, and gating circuitry principles
and procedures. Emplqys the procedures for
biasing vacuum tubes angd alining radar trans-
mitting .and receiving chassis. Performs
direct support, general support, and depot
maintenance on light air defense and ground
surveillance radars. Interprets circuit
diagrams, block diagrams, schematics, and
technical manuals applicabie to light air de-
fense and ground surveillance radars.
Detects malfunctions and potential source of
breakdown from wave tracings on radar con-
soles. Troubleshoots malfunctioning equip-
ment by sectionalization, localization, and
isolation of malfunction to individual com-
ponents or associated group of components.
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ASSALT
INTERVIEW OF EXPERIENCED TECHNICIANS

INTRODUCTION

We are from the Fort Bliss office of the Human Resources Research
Organization (HumRRO). We have been centracted by the Army Research
Institute (ARI) to study methods of developing "hands-on" performance -
tests for evaluating the job proficiency of high—skill technical personnel.

Job sample performance tests will eventually replace the current written

- MOS proficiency tests. The current written tests are t¢ a great extent job.

knowledge *ests and some peopleveeen dispute their relationship to MOS job

tasks. Before we cen actually build a performance test, we have to figure

out whet should be included, since we can't test on all job tasks. As a

first cut, we are obtaining various kinds of inferﬁation about technical jobs,
26C is one MOS we are looking at in this development project. We

would appreciate your cooperation in providing information about jobs in

this MOS. I am goingfto ask several kinds of questiens and I want you to

assume that I know practicallylnofhing about the 26C MOS jobs.

Are there any questions?
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ASSALT |
INTERVIEW OF EXPERIENCED TECHNICIANS

General Information:

. RANK:
‘MCS:
TIME IN SERVICE:
TIME IN MOS:

DUTIES/POSITIONS IN MOS:

SCHOOLS ATTENDED IN SERVICE:

SPECIFIC JOB EXPERIENCE INFORMATION: .
Describe the job of the 26C in terms of major work categories.
(If he starts to do it by equipment, say I mean like troubleshooting)
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Pexrcent (%) of time spent on MOS duties:

What non-MOS duites are performed most often?

What equipment is 26C responsible for:

What test equipment do you use most often?

72



Documents?

Forms?

(If not mentioned above, ask:)
" Do you supervise others? .
In MOS?
Out of MOS?

Do you train others on the job in MOS?
‘Do you evaluate MOS performance?

What malfunctions have you dealt with?
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Most common malfunctions (by major equipment)?

Most difficult malfunctions to correct?

How long to get equipment back-up?

Describe your troubleshooting procedures:

What kinds of skills and knowledges does a 26C need? Where are they learned?
Do any apply across equipment?
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Describe a performance test you would design for 26C if you had:

"~ 8 hours:

. 2 hours:




[GO OVER THE TASK

OF EACH ITEM--

LIST AND GET HIS FEELING ABOUT THE IMPORTANCE

-- not impozrtant
-~ nice to know

~- important to job

-- critical to job. ]
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26C MOS TASKS

CATEGORY | {f TASKS
Prepare.paperwork - | ' _‘ 34
Use written material 14
Use'Basig;Eleggponics 61
Equipment .related - . 220

329

Tasks performed by 50% or more of responding incumbents.

%Z DO £ DO .
__FREQUENTLY

Maintain Liﬁréiy of Publications - 60 19.
Requisition TM Cﬂanges 50 - . 16
Use classified material : 51 - 25
Make ;ﬁfriégiiﬁ Log Book - 63 28
Review entries in Equipment Log Book - 75 19
Request Repair.Parts . - ' 84 55
Fill out forms in accord with TM 38-750 79 50
Use ESC TH h 7 38
Use DA Pam;_:;. Co ‘

310-4 ' 50 16

310-7 51 16
Use DA'Eéimﬁ‘ 7 .

2404 o 84 63

2607 - .- 89 61

2408 . 55 16
) 314 ' | ‘59 . 25
Use Direct Supply Unit 67 39
Use Technical Supply Unit 67 35
Use Supply procedures 74 44
Requigition Authorization Stock b4 19
Fill out requisition 70 26

Determine vwltage by calculation 79 40
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26C. MOS TASKS (page 2)

Tasks performed by 50% or more of responding incumbents (continued).

ﬁetermine resistance by calculation

' Determine capacitance by calculation
Determine Frequency by measurement
Determine Current by measurement
Petermine Current by calculation
Use Radar fundamentals .
Use optics fundamentals

Troubleshoot:
receiver

transmitter
indicator
synchronizer
power supplies
recordei
AFC Circuit
STC Circuit
"AGC Circuit
IF Strip
Antenna base
Videc circuit
Synchronizer Circuits
Range mavker circuits
AC Servo systems '
DC Servo systems
Synchro systems
Automatic Switching Circuits
IF Preamplifier '
Control and Protective Circuits
Metering Circuits
Video Driver Mcdule
Azimuth Gegr Train Assembly
Elivation Gear Train Assembly

Audio Circuits

78

Z DO

81
75
86
89
77
91
54

88
86
85
68
84
53
84
63

81
- 79

67
79
68
77
71

72

70
71
69
72
78
67
66
67
76

% DO
FREQUENTLY

35
37
57
60
30
51
12

4h
46
36
28
39
16
39
28
35
35
25
23
21

22
22
25
19
21
21
26

14
16
28



N -~

26C MOS TASKS (page 3) -
Tasks performed by 50/ or. more of responding incumbents (continued)
' "% DO

Troubleshoot (continued):

Range ‘strobe circuits
Magnetic Amplifier Circuits
‘M1 Circuits :. .

Analyze:
System performance

Complex waveforms
Block diagrams
Transmitter circuitry
Receiver circuitry
Schematic Diagrams

Install/replace:
Transformers

Tubes:. v

Crystals .

Resistors

Capacitors"

Coils"

Wiring

- Test for:

- Shorts

Opens

Change in resistance

Cold Soldering Joints

Movement of Antenna for.Elevation
Use proper soldering technique
Use schematic diagram in isolating faults
Isolate faults in wiring or cables
Isolate mal-aligument of cquipment

Isolate equipment failure to a faulty
component

Start set transmitting
Check for proper scope presentation

Select target for orienting purposes

79

71
63
50

79
62
81
81
79
82

65

70

73
72
09
66
74

77
74
65
75
78
83
81
78

19
74
64

.- z Do
FREQUENTLY

S 14

19

16

33
22
28
24
21
36

20

26
27
26
26
20

.30

39
40
32
26
28
48
50
30

33

b4
34
36

21




26C MOS TASKS (page 4)

 Tasks performed by 50% oxr more of responding incumbents (continued).

4 DO _ %z DO
FREQUENTLY
Orient Antennas : 66 ' 16
Perform fmodification work order- - 67 . 17
Operate range calibrators . 62 22
Operate Audio oscillator 67 19
Adjust: iu. ... . :
wHfoy proper magnetron current 74 : .32
_sﬁgpe for clearness of presentation 74 38
) w'—aenerator output 58 _ 25
Transmitter power output _ 2 . 28
Opexating frequencies 66 28
Equipment voltages ' .. 78 33
Fower supplies AN/TPS;33 55 1z
Align: |
Iadicator i 52 _ 18
Transmitter : 60 - 23
Receizéyjﬁ.-v o | 56 . 23
—~AGE=CiTeuit-—= =" i 55 18
IF Strip - : 52 21
. Audio circults ' ' 56 18
) AGC Circuits o 57 16
.Receiver AN/TPS-33 | 52 - 7
Transmitier AN/TPS-33 52
Regalr.“ -, : .
Range marker circuits v 59 . ' 14
" - AC Servo oyetems 54 - 18
¢ | System ' 68 , 21
Synchro systeis ' 51 16
AFC Circuits o 68’ 18
Autormatic switching eircuits - 53 11
IF Prc-awplifies 52 9
Metering circuits 59 10
Elevation Gear Train Assembly 55 17
Azimuth Gear Train Assembly 57 1°

30
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26C MOS TASKS (page 5)

Tasks performed by 50% or more of responding incumbents (continqu).

Z DO . Z DO
FREQUENTLY
Repair (continued): ,

. AFC Circuits .- 64 | 21
Auto Circuits A : 55 '16
Range strobe circuits . 51 5 .
AGC circuits . 62 - 14
Radar pover Sourves o 51 - : 15

Inspect: ~ i ) ' :
AN/PPS-4A for deficiencies 56 - 23
Fuses on AN/PPS-44 - . 55 12
Cables on AN/PPS-4A ' 56 19
AN/PPS-5; AN/PPS-5A +or deficiencies 53 19
Cables AN/PPS-5 (-5A) s2 14

Operate: - . ,

AN/PPS-4A under maintenance conditions 50 _ - 13
AN/PPS~5 (-5A) unde:r Laintenance * o ,
conditions - 50 16

perform operational checks: , S

* AN/PPS - 4A 56 - 14
AN/PPS ~ 5 (-54) 56 19

Test Eguipmeﬁt:

Test set TV-7 : 67

TS~252 ' 81

AN/USM-281 : 53

Radar Test set TS-147 50
Tools:

Wire Cutter | 83
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TASK:

Troubleshooting based on starting procedures on the AN/PPS-5(A) Radar Set.

CONDITIONS :

‘Test  equipment required is listed in Para. 9-12, TM 11-5840-298-35 and
will be available as required. Para. 10-1 through Para. 10-5, TM 11-5840-
298-12, will be read before starting. Start troubleshooting procedures
by using Para. 10-6, TM 11-3840-298-35, STEP-BY-STEP Troubleshooting Chart
Based on Starting and Checkout Yrocedures for Complete AN/PPS-5, ref.

TM 11-5840-298-35, TM 11-5840-298-12. TlMs om test equipment.and-tools
will be available as required.

Testing of troubleshooting performance can start under the following
conditions: Set up the KRadar AN/PPS-5(A) as described in T™ 11-5840-298-12
USING Power Sumply PP-4450/PPS-5 instead of Battery Box Cy-3871/PPS-5.
Mount the Dummy Load in place of Antenna AS-1394/PPS-5. Se: the switch-
breaker .on Powzy Supply PP-4450/PPS-5 to OFF, Take cover and case off of
the control indicator (Para. 20-2, TM 11-5840-298-35) and open the door
of the receiver—-transmitter at the rear of the control indicator. Disabie
interlock switch S3613. Set up all test equipment that will be needed.
Set radar cuntrols as directed in Para. 3-3, T 11-5840-298-12. Start
troubleshooting procedures with Step 1, Para. 11~9, TM 11-5840-298-35
(Step 3 below).

STANDARDS 3
You will perform the following steps using STEP-BY-STEP procedures outlined
in TM 11-5840-298-12 and in TM 11-5840-298-35:

1. Insure all switches and controls are set for troubleshooting per Figure
3-3, Preliminary control settings, TM 11-5840-298-12.

2, Set up and use test equipment to be used for troubleshooting as outlined
in TM 11-5840-298-12 and equipment TMs.

3. " Review DA Form 2407 (T 38-750) before starting “roubleshooting.

Verify conditions stated on DA Form 2407 (TM 38-570) by pefforming a
complete checkout of the AN/PPS- S(A) Radar system, maling additional
notes on troubles found.

5. Poxform procedures, Para. 10-6, Troubleshocting Chart Based on Starting
and Checkout Procedures for Complete AN/PPS-5, TM 11-5840-298-35, to
isolate to a major assembly (antenna, transmitter-receiver, etc.).
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TASK —— Continued
6. 1Isolate fault symptoms to a sub-assembly, using the CHAPTER listed for
this system in TM 11-5840-298-35 to locate the card and/or component.

7. Follow specific STEP-BY-STEP procedures for troubleshooting specific
sub-assemblies.

8. Remove and replace parts as necessary (ref. TM 11-5840-298-35 for system
being serviced).

9. Bench service specific sub-systems as required (ref. TM .11-5840-298-35
for system being serviced).

REFERENCES ¢

T 11-584(0-298-12. Organizational Maintenance Manual Including Repair
Parts and “~ecial Tool Lists: Radar Set AN/PPS-5.

™ 11-5840-298-35. DS, GS, and Depo: Maintenance Manual Radar Set
AN/PPS-5(4).

TM 38-750. The Army Maintenance Management System (TAMMS).
. DA Form 2407. '

UNIT REPAIR SOP

TEC II Lesson No.




TASK:

- Perform Transmitter System Troubleshooting and Repair on the RADAR SET
AN/PPS-5(A). _

a. Perform Troubleshooting on Transitter System.

CONDITIONS:

Test equipment required is listed in Para. 9-12, TM 11-5840~298- -35, and
will be available as required. Para. 10-1 through Para. 10-5, TM 11-5840-
298-12, will be read before starting. Start troubleshooting procedures
by using Para. 10-6, TM 11-5840-298-35, STEP-BY-STEP Troubleshooting Chart
Based on Starting and Checkout Procedures for Complete AN/PPS-5, ref.

™ 11-5840-298-35, TM 11-5840-298-12. TMs on test equipment and tools
will be available as required.

Testing of troubleshooting performance can start under the following con-
ditions: Set up the Radar AN/PPS-5(A) as described in TM 11-5840-298-12
USING Power Supply PP-4450/PPS-5 instead of Battery Box Cy-3871/PPS-5.
Mount the Dummy Load in place of Antenna AS-1394/PPS-5. Set the switch-
breaker on Power Supply PP-4450/PPS-5 to OFF. Take cover and case off of
the control indicator (Para. 20-2, TM 11--5840-298-35) and open the door
of . the receiver-transmitter at the rear of the control indicator. Disable
interlock switch S$S3613. Set up all test equipment that will be needed.
Set radar controls as directed in Para. 3-3, TM 11-5840-298-12. Start
troubleshooting procedures with Step 1, Para. 11-9, TM 11-5840-298-35
(Step 3 below;.

WARNING: Extremely dangerous voltages exist. in this equipment. Turn OFF
Power and ground capacitor C609 before making test on block .600.

STANDARDS :

You must perform the following steps in sequence:
1., Prepare the assembled . transmitter system for troubleshooting by:

a. Removing the antenna and installing the Dummy Load on the feedhorn
coupling at the recsiver-transmitter.

b. Open the access door on the hack of the transmitter-receiver.
c. Set the radar controls as directed in Para. 3-3, T™M 11-5840-298-12.

2. set up all requirsd test equipment, ref. Para. 11-7, qut Equipment
Required to Troubleshoot Transmitting System, T 11-5840-298-35.

3. Review DA Form 2407 (TM 38-750) before beginning troubleshooting
procedures.
4. Verify conditions stated on NA Form 2407 (TM 38-750), making. notes on

additional trouble¢ found and use this information as guidance in
troubleshooting the system. 85
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TASK —— Continued
5. Troubleshoot the trypSmitting system using the steps in Para. 11-9,
T™ 11-5840-298-35 ac¢Prding to the following procedures:
Locate the test pClint given in Step 1.

Connect the test ©quipment and set the controls on the test
equipment as dipygCted in the Test equipment column.

c. Set the controlyg ©u the radar set as directed in the Radar set
controls column,

d. Compare the indjcAtions obtained on the test equipment with the
indications thap &ve given or referenced in the MNormal indicationms
column.

e. If the indicatigp® obtzined on the test cquipment are normal,
proceed either g the next step or do as directed in the Normal
indications colyg®.

f. 1If the indicatigpS obtained are abnormal, proceed as directed in
the .orrective pgfsures column, referring to the information in
Para. 11-1 as nec®ssary-

6. Perform transmitted pOuer measurement procedures, ref. Para. 11-10,
Measurement of Trangsltted Power, TM 11-5840-298-35.

Turn OFF and disconp#Ct all equipment and cables.

Compiete DA Form 2407 (TM 38-750) and return repaired AN/PPS-5(A)
Radar Set to using ypit.

REFEREMCES :

TM 11-5840-298-12. Orpyplzational Maintenance Manual Including Repair
2§£Eé~§E§¢§DESial Tool Lists: Radar Set AN/PPS-5.

: A TM 11-5840-298-35. DS, (S, and Depot Maintenance Manual Radar Set

TM 38-750. The Army Majplepance Management System (TAMMS).
DA Form 2407. :

UNIT REPAIR SOP

TEC II Lesson No.
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TASK:

Perform Transmitter System Troubleshooting and Repair on the Radar. Set
AN/PPS-5(A).

b. Perform removal and replacement of parts in the Transmitting System.

CONDITTONS :

Tasks 1 and 2a must have been performed before starting this task. One or
more parts will have been identified as malfunctioning or requiring
additional testing. :

STANDARDS : | 7
 You must perform the following 3teps in sequence:

1. Review and verify conditions stated on DA Form 2407 (TM 38~750) making
any additional remarks on troubles found and use the information as
a gdidance in troubleshooting the system. :

2. Tor removal .and replacement of the Magnetron £fcllow procedures in
Para. 11-12, Removal and replacement .f Magnetron V1OL, TM 11-5840~-
298-35.

3. TFor removal and replacement of Block 600 Modulator follow procadures
in Para. 11-13, Removal and replacement of Block 600 Modulator, T™
1i--5840~298~35.

4. TFor removal and replacement of Block 3300 Interlock Panel follow the
procedures in Para. 11-14, Removal and replacement. of Block 3300
Interlock Panel, TM 11-5840-298-35.

5. Complete DA Form 2407 (TM 38-750) and return repaired AN/PPS-5(A) Radar
Set to using unit. If required, complete testing on replaced parts.
REFERENCES :

™ 11-5840-298-12. Organizational Maintenance Manual Including Repair
Parts and Special Tool Lists: Eadai Set AN/PPS-5.

™ 11-5840-298-35. DS, GS, and Depot Maitnenance Manua’! Radar Set
: AN/PPS-5(4).

TM 38-750. The Army Maintenance Management System (TAMMS) .
DA Form 2407.

UNIT REPAIR SOP

TEC 1T Lesson No.
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TASK . —— Continued

5. Troubleshoot the transmitting system using the steps in Para. 11-9,
T 11-5840-298-35 according to the following procedures:
a. Locate the test point given in Step 1.

b. Connect the test equipment and set the controls on the test
equipment as directed in the Test equipment column.

c. Set the controls on the radar set as directed in the Radar set
controlg_column.

d. Compare the indications obtaine¢ on “he test equipment with the
indications that are given or . ~zed in the Normal indications
column.

e. If the indications obtained or the test equisment are normal,
proceed either to the next step-.or do as directed in the Normal
indications columi. '

" §. 1If the indications obtained are ahnormal, proceed as directed in
the corrective measures column, referring to the informwation in
Para. 11-1 as necessarv.

6. Perform transmitted power measurement procelures, ref. Para. 11-10,
Measurement of Transmitted Power, TM 11-5840-298-35.

Turn OFF and disconrecc all equipment and cables. = .

8. Complete DA Form 2407 (TM 38-750) and return repaired ‘AN/PPS~- S(A)
Radar Set to using unit. \\\ //

REFERENMCES :

™ 11-5840-298-12. Organizaiional Maintenance Manual Including Repa
Parts and Special Tool Lists: Radar Set AN/PPS

TM 11-5840-298-35. DS, GS, and Depot Maintenance Manual Radar Set

TM 38-750. The Army Maintenance Management System (TAMMS) .
DA Form 2407.

UNIT REPAIR S0P

TEC TII Lesson .
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TASK:

Troubleshoot énd repair the RF Systen.

CONDITIONS:

STANDARDS :

You must perform the following steps in sequence:

1. Set up all required test equipment.

2. Review zud verify conditions stated on DA Form 2407 (TM 38--759) noting
any addicional troubles and use thlS information as guidance in trouble-
shooting the RF System. .

3. Troubleshoot the RF System (Para. 12-2, Troubleshooting Information,
and Para. 12-~3, RF Systeam symptom troubleshootlng chart, TM 11-5840-.
298-35).

4. If necessary, remove and replace the crystal protector (Para.l2-5,
Removal and replacement of crystal protector, TM 11-5840-298-35).

- Turn OFF and disconnect all equipment and cables.
. Compiete DA Form 2407 and DA Form 2408-5 (TM 38-750) and return the
repaired AN/PPS-5(A) Radar Set to using unit if repairs are completed.
REFERENCES :

™ 11-5840-298~12. Organizational Maintenance Manual Including Repair

Parts and Special Tool Lists: Radar Set AN/PPS~5.

™ 11-5840-298~35. DS, €7, and Depot Maintenance danual Radar Set

LEE@).

TM.38-750. - The Army Ma’:tenance Management System (TAMMS).
DA Form 2407.

DA Form 2408-5.

UNIT REPAIR SOP

TEC II Lesson No.
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TASK:

Perform Transmitter System Troubleshooting and Repair on the Radar Set
AN/PPS~5(A).

d. Adjust and align the transmitter system.

CONDLTIONS:

A transmitter system frow an AN/PPS-5(A) Radar Set that has been repaired
but not adjusted or aligned will be available.

STANDARDS : - -

You must perform the following procedures:
1. Set up test equipment as in Figure _li- -4, T 11—5840—298~35

2. Adjust the transmitter system trigger awplitude (Para. 11-15, TM 11~
5840-298~35).

3. Adjust transmitter frequency (Para. 11-15b, TM 11-5840-298-35)...
4. Couplete DA Form 2407 (T 38-750).

REFERENCES:

- TM 11-5840-298-12. Organizational MaLntnﬁsnce Manual Including Repair
Parts and Special Tool Lists: Radar Set AN/PPS-5.

™ 1.1-5840-298-35. DS, GS, and Depet Maintenance Manual Radar Set
: AN/PPS-5(A).

TM 38~750. The Army Maintenance Management System (TAMMS) .
DA Form 2407.

UNIT REPAIR SOP

TEC II Iesson No.
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TASK:+
Receiver system troubleshooting and repair of the AN/PPS~5(A) radar set.
a. Troubleshoot the receiver system.

CONDITIONS:

All steps set out in Task 1, Troubleshooting based on starting procedures
on the AN/PPS-5(A) radar set, must be used to perform this operation.
While troubleshooting the receiver system NO other RADARS are operating
nearby. (Damage to the mixer crystals may occur when the crystal protector
Tube V102 is NOT operating from a strong RF signal.)

STANDARDS :

You must perform the following steps:
1. Prepare the receiving system for troubleshooting by:

a. Setting up and connecting all required test equipment (Para. 13-6
and 13-7(a), T 11-5840-298-35).

Set the controls and turn the equipment on as specified in Para.
13-7(b), TM 11-5840-298-35.

o*

c. After a 5-minute warm-up period, reset external. power output to
24 volts.

2. Review and verify information on DA Form 2407 (TM 3¢-750) by performing
test, ref. Para. 13-3, Normal Test Meter Indications, TM 11-5840~298-35,
and make additional symptom information notes to use as gujdance in
troubleshooting.

3. Troubleshoot the receiver system by performing necessary receiver
cystem tests (Para. 13-8, Receiving System Troubleshooting Chart,
T™M 11--5840-298-35) according to the following procedur=as:

a. 1In the Symptom column of the chart, find the symtom that describes
the radar set malfunction observed.

b. Follow the Corrective measures procedure opposite the Symptom,
) always starting with the first step of the procedure opposite the
symptom.

c. After each step of a Corrective lMeasures procedure has been per-
formed, checl: to sece if the symptom has beer remedied. If it has
not, proceed to the next step.

4. Turn off-and disconnect all equipment - nd cables, and return them to-
the proper storage areas.

5. Complete DA Form 2407 {TM 38-759) and return the repaired ra:i- st
to the using unit.

g1

(continued)



TASK NO. =~ Continuad

REFERENCES :

T™M 11~5840-298-12. Organizational Maintenance Manual Ircluding Repair

Parts and Special Tool Lists: Radar Set AN/PPS-5.

™ 11-5840-298-35. DS, GS, and Depot Maintenance Manual Radar Set
AN/PPS-5(4).

TM 38-750. The Army Maintenance Management System (TAMMS).
DA Form 2407.

UNIT REPAIR SOP

TEC 11 Lesson No.
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TASK :
Receiver system troubleshooting an.'! repair of the AN/PPS—S(A) radar set.

U. Perform removal and replacement of compecnents in the receiver system.
CONDITIONS:

Task 1 and 4a must have been performed before starting this task. One
oT more parts will have been identified as malfunctioning or requiring
additional testing.

STANDARDS :

You must perform the following steps in sequence:

1. Review and verify conditions stzted on DA Form 2407 (TM 38-750);
make - any additional remarks on troubles found and use. the infor-
mation as a guidance in troubleshooting the system.

2. Tor removal and replacement of receiver system components, follow
the procedures referenced below for each component.

: Block 100 Tr assembly, Para. 13~10 and 13-11, T 11-5840~298-3%,

b. If mixer crystals, Para. 13-12 and 13-13, TM 11-5840-298-35.

c. AFC mixer crystals, Para. 13-14, T™M 11-5840-298-35.

d. LO Tube V103, Para. 13-15 and 13-16, TM 11-5340-298-35.

e. AFC Varactor tuner CR106, Para. 13-17 and 13-18, TM 11~5840-298-35,
f£. Varactor Multiplier CR105, Para. 13-19 and 13-20, TM 11-~5840-298-35.
g. Isolator 2102, Para. 13-21 and 13-22, TM 11-5840-298-35.

h. AFC Mixer Assembly, Para. 13~23 and 13~24, TM :1-5840-298-35,

i. Lo assembly, Para. 13-25 and 13~-26, TM 11-5840-298-35.

j. Frequency multiplier assembly, Para. 13-27 and 13-28, TM 11-5840-~
298-35. L

Signal mixer assembly, Para. 13-29 and 13-30, TM 11-5840--298-35,
Cirvculator Z101l, Para. 13-21 and 13-32, TM 11-5840-298-35,

m. Block 200-1, IF preamplifier, Para. 13~33 and 13-34, TM 11-5840-
298-35,

n. RBlock 200-2, AFC Preamplificer, Para. 13-35 and 13-36, TM 11-5840-
298-35,

o. Block 300, IF amplifier, Para. 13-37 and 13-38, T} 11-5840-298~35.
p. Block 800, AFC amplifier, Para. 13-39 and 13-40, TM 11-5840-238-35,

93 I
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_TéSK NO. ~— Continued

3. Complete DA Form 2407 (TM 38-750) and return repaired AN/PPS-5(A)
radar set i using unit. Tf required, complete testing on replaced
narts.

REFERENCES :

———— . e

T™ 11-5840-298-12., Organizational Maintenance Manual Including Repair
Parts and Special Tool Lists: Radar Set AN/PPS-5.

T™ 11-5840-293-35. DS, GS, and Depot Maintenance Manual Radar Set
AN7PPS-5(A).

TM 38~750. The Army Maintenznce Management System (TAMMS).
DA Form 2407.

UNIT REPAIR SOP.

TEC II Lesson No.
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TASK:

Receiver system troubleshooting and repair of the AN/PPS-5{(&) radar set.

c¢. Bench service the components in the receiver system of the AN/PPS-5(A)
radar set.

CONDITIONS:

- Components requiring bench servicing and removed from an AN/PPS-%:.)
radar set will be available.

STANDARDS :

You must perform the followlng general procedures when bench testing
components of the receiver system:

1. Review and verify the-information on DA Form.2407 (TM 38-750).
2. Set up the required test equipment;

3. Connect the component for bench servicing.

4. Bench service the component following all nctes.

5. Remove and replace all malfunctioning parts.

€. Bench adiust and tést the component.

7. For specific procedures for each component see paragraphs from TM 11-
5840~298-35, referenced below:

a. Block 100 TR assembly, Section VI, Paraz. 13-53 - 13-57.

b. Block 200~1, IF Preamplifier, Section VII, Para. 13-58 - 13-65.
c. Block 200-1, AFC Preamplifier, Section VIII, Para. 13-66 - 13-73.
d. Block 300, IF Amplifier, Section IX, Para. 13-74 - 13-81.

e. Block 800, AFC Amplifier, Section X, Para. 13-82 - 13-89.

8. Complete DA Form 2407 (TM 38-750) and reiurn the repaired component
to the using unit.

REFERENCES :

TM 11-5840-298-12. Organizational Maintenance Manual Including Repair
Parts and Special Tool Lists: Radar Set AN/PPS-5.

™ 11-5640-298-35. DS, GS, and Depot Maintenance Manual Radar Set
AN/PPS-5(A).

T 38-750. The Army Maintenance Management System (TAMMS).
DA Form 2407,

UNIT REPAIR SCP. C05

TEC II Lesson No.

(R P A s N s Ne Lt e e e e s e L cpemen e




TASK:
Receiver system troubleshooting and repair of the AN/PPS~5(A) radar set.
d. Adjust and «lign the receiver system.

CONDITIONS:

A receiver system from an AN/PPS-5(A) radar set that has been repaired
ané reassembled but not adjusted or aligned will be available.

STANDARDS:

You must perform the following procedures:

1. Set up required test equipment (Para. 13-42, T™M 11-5840-298-35).

2. Adjust and align the following components during bench servicing.
2. Block 300, IF Amplifier assembly (Para. 13-80, TM‘11-5840-298-35).
b. Block 8G), AFC Amplifier (Para. 13-88, TM 11-5840-298-35).
Adjust the current in Lec Cathode RiO5 (Para. 13-43, T 11-5480-298-35).

Adjust the bias in Varactor Multiplier R103 (Para. 13-44, TM 11-5840-
733-35).

A.ign local osscilator V103 (Para. 13-45, TM 11-5840-298-35).

Align Varactor Multiplier Alignment (Para. 13-46, TM 11-5840-298-35).
Adjust the band, .ss filler screw (para. 13-46.1, ™ 11-5840-298-353.
Make AFC Adjustments (Para. 13-47, TM 11-5840-298~35).

Complete DA Form 2407 (TM 38—7‘0),.and return the repa’ved receiver
system to using unit.

O ® NN W

REFERENCES :

™ 11-5840-298-12., Organizational Maintenance Manual Tncluding Repalr
Parts and Special Tool Lists: Radar Set AN/PPS-

T™™ 11-5840-298-35. DS, GS, and Depot Maintenance Manual Radar Set
. AN/PPS-5(A).

TM 38-750. The Army Maintenance Management System (TAMMS).
DA Form 2407.

UNIT REPAIR SOP.

TEC II Lesson Mo
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TASK:

Troubleshoot and repaix the Range Finding System of the AN/PPS-5(A) Radar
Set.

a. Troubleshoot the Range Finding System.
CONDITIONS:

All steps set out in Task 1, Troubleshooting based on starting procedures
on the AN/PPS-5(A) Radar Set, must be used to perform this operation.

STANDARDS :
You must perform the following steps: ‘L

1. Set up the Range Finding System for troubleshooting with the appropriate
test equipment (ref. para. 14-4 and Figure 14-2, TM 5840-298-35).

2. Review and verify the information on DA Form 2407, making note of
additional information and use it as guidance in troubleshooting.

3. Troubleshoot the Range Finding System with the Control Indicator _
(ref. para. 14-5, TM 5840-298-35, by finding the malfunction symptoms
in the chart and then taking the action indicated in the Corrective
Measures column. .

4. 'TroubleShoot the Range Finding System without the Control Indicator
(ref. para. 14-6, TM 5840-298~35). '

5. After completing troubleshooting procedure, tﬁrn OFF and disconnect
all equipment and cables.

6. Complete DA Form 2407 (TM 38-750) and return repaired AN/PPS-5(A) to

using unit. . TN L .

412

[

REFERENCES :
™ 11-5840-298-~12.""Organizational Maintenance Manual Including Repair
Parts and Special Tool Lists: Radai Set AN/PPS-5.

™ ll~58éb—209-35. DS, GS, and Depot Maintenance Manual Radar Set
AN/PPS-5(A) .

T™M 38--750. The Army Maintenance Management System (TAMMS).
DA Form 2407.
(continued) 97




TASK - Gontinued
UNIT REPAIR SCP

TECH II Lesson No,
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TASK:

Troubleshoot and repair the Range Finding System of the AN/PPS-5(A) Radar
Set. .

c. Bench service components of the Range Finding System.
CONDITICNS:

A Block 500 Gate Generator and a Block 2900 Range Amplifier will be
available. :

STANDARDS :

. You must perform the following generai procedures when bench servicing the
components in the Range Finding System:

1. Review and verify information on DA Form 2407.

2.. Set up the required test equipment.

3. Conhegt the compunent for bench servicing.

4. Bench service the component, following all notes.

5. Remove and replace malfunctioning parts.

6. Bench adjust and test the component following repair.

7. T¥For specific procedures for each component- see pars. from ™ 11-
5840-298-35, referenced below.

a. Block 500 Gate Generator, Chap. 14, Sec. VI, para, 14-22 - 14-35,
b. Block 2900 Range Amplifier, Chap. 14, Sec. VII, péra. 14-29 - 14-35.
8. Complete DA Form-2407.
REFERENCES:
™ 11-5840-298-12. Organizational Maintenance Manual Including Repair

Parts and Special Tool Lists: Radar Set AN/PPS-5.

T™ 11-5840-293~35. DS, GS, and Depot Maintenance Manual Radar Set
AN/PPS-5(A). ‘ ‘

TM 38-750. The Army Maintenance Management System (TAMMS).
DA Form 2407. _ ‘

UNIT REPAIR SOP 99

TEC II Lesson No. '




TASK:

Troubleshoot and repair the.Range Finding‘System of the AN/PPS-5(A) Radar
Set.

b. Remove and replace components of the Range Finding System.
CONDITIONS:

One or more components of the Range Finding System will have been
identified as needing to be removed for bench servicing or replacement.

STANDARDS:
You must:

1. Re&iew and verify condition on DA Form 2407, making notes on addi-
tional symptom information. '

2., To remove and replace components of the Range Finding System refer
to the para. in TM 5840-298-3T, referenced below:

a. TFor Block 500 Gate Generatoxr, para. 14-8.
b. For Block 2100 A-Display Assembly, para. 14-9.
c. For Bléck 2900 Range Amplifier, para. l4—i0.
3. Complete DA Form 2407 and return repaired set to using unit.
REFERENCES:

TM 11-5840-298-12. Organizational Maintenance Manual Including Repair
Parts and Special Tool Lists: Radar Set AN/PPS-5.

™ 11-5840-298-35. DS, GS, and Depot Maintenance Manual Radar Set
AN/PPS-5(h) .

TM 38-70. The Army Maintenance Management System (TAMMS).
DA Form 2407.

UNIT REPAIR SOP

TEC II Lesson No.
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TASK:

Troubleshoot and repair the Range Finding System of the AN/PPS~5(A) Radar
Set.

d. Adjust and align the Range Finding System.
CONDITIONS:

The radar set will be located at a test site that has a spinning radar
target at a range of 250% 1 meters.

STANDARDS:
You must ﬁérform the following procedure:
1. Review and verify information on DA Form 24Q7.

2. Realign the Range Counters and Delay Lines, 23601 and 23603, in the
Control Indicator, following either a. or b. below:

a. When the deviation error is marked on the Delay Line, follow
procedure in para. 14-12.1, TM 5840-298-35.

b. When the deviarion error is NOT marked on the Delay Line, follow
procedures in para. 14-~14.1, TM 5840~298-35.

3. Align the Range Counters and Delay Lines, 23601 and 23603, in the
Control Indicator, para. 14-13, T™ 5840-298-35.

4. Re-align the Range Counter and‘Delay Line, 21301, in the Receiver-
Transmitter, by following either a. or b. below:

*a. When the deviation error is marﬁéd on the Delay Line, follow
procedures in para. 14-12.2, TM 5840-298-35.

b. When the deviation error is NOT marked on the Delay Line, follow
procedures in para. 14-14.3, TM 5840-298~35.

5. Align the Range Counter and Delay Line, 21301, in the Receiver—-Transmitt
para. 14-14, TM 5840-298-35.

6. Complete DA Form 2407.
REFERENCES:

™ 11-5840-298-12. Organizational Maintenance Manual Including Repair
Parts and Special Tool Lists: Radar Set AN/PPS-5.

TM 11-5840-298~35. DS, GS, and Depot Maintenance Manual Radar Set
AN/PPS-5(A).

(continued) 101




TASK ~ Continued.

“TM~38~750. The Army Maintenance Management System (TAMMS).
DA Form 2407. -
UUNIT REPAIR SOP.

- '~ TEC II Lesson No.
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TASK:

Troubleshoot and repair the Range Finding System of the AN/PPS-5(A} Radar
Set.

e. Field test the Range Finding System.
CONDITIONS:

A complete radar set will be set up as indicated in TM 11-5840-298-11,
and available at a field site that has rotating target simulators
positioned. Radar target RR-95A/TPS 21 (Radar Target) TM 11-5840<229-~15.

STANDARDS :
You must perform the following procedures:

1. Check the accuracy of the Range Finding System of the entire radar
set, para. 14-~17, TM 5840-298-35.

2. Check the accuracy of the Range Finding System of tha radar set
without the Control Indicator, para. 14-18, TM 5840~298-35.

3. Check the accuracy of the Range Gates of the entire radar set, para.
14-19, ™ 5840-298-35.

4. Check the dccuracy of the Range Gates of the radar set without the
Control Indicator, para. i4-20, T™ 5840-298-35.

5. Cneck the Range Gate Markers of the radar set, para. 14-21, TM 584(-298-3
6. Complete DA Form 2407.
REFERENCES:

T 11-5840-298-~12. Organizational Maintenance Manual Including Repair
Parts and-Special Tool Lists: Radar Set AN/PPS-5.

T™M 11-5840-298-35. DS, GS, and Depot Maintenance Manual Radar Set
AN/PPS~-5(A).

TM 38-750. The Army Maintenance Management System (TAMMS).
DA Form 2407.

UNIT REPAIR SOQP.

TEC II Lesson No.
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TASK: .
Troubleshoot and repair the target indicator system of the AN/PPS-5(A)
Radar Set.

a. Troubleshoot the A-Display assembly and bcxcar and audio amplified
of the Target Indicator Systen.

1 1

CONDITIONS:

A radar set will be set up and troubleshooting based on starting-pro-
cedures will have been completed. A troutle will have been section-
alized to the target indicator systen.

STANDARDS:
You must perform the following steps:

1. Review and verify information on DA Form 2407 (1M 38-750).

2. Troubleshoot the target indicator system by performing necessary
target indicator checks with the control indicatovr according tc the
following procedures (ref. Para. 15-6, Target indicator system
troubleshooting chart, TM 11-5840-298-35):

a. In the SYMPTOM ccliumn of the Chart, find the symptom that describes
the Control Indicator System, A-Display Assembly malfunction
observed. :

b. Follow the CORRECTIVE MEASURES procedure opposite the Symptom,
always starting with step one of the procedure opposite the symptom.

c. After each step of a Corrective Measure procedure has been per-
formed, check to see if the symptom has been remedied. If it has
NOT, proceed to the next step. -

d. 1f the trouble has not been located after completing checks with
the indicator system, proceed to the chart in Para. 15-7, Target
indicator system troubleshooting chart for xadar without control
idnicator, TM 11-5840-208-25.

3. Turn OFF and disconncet all cquipment and cables and return them to
propcr storage ared. ’
4. Cowmplete DA Form 2407 (T 38-750) and return the repaired AN/PPS-5(4)
_to the vsing unit if 211 mzalfunctions have been corrected aud no addi-
ticnul testing is required.

104
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TASK NO. ~— Continued

REFERENCES :

TM 11-5840-298~12. Organizational Maintenance Manual Including Repair

o)

Parts and Special Tocl Lists: Radar Set A./PPS-5,

™ 11-5840-298~35. DS, GS, and Depot Maintenance Manual, Radar Set
AN/PPS-5(a).

TM 38-750. The Army Mainteuance Management System (TAMMS).
DA FORM 2407

UNIT REPAIR SOP

TEC II Lesson No.
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TASK:

Troubleshoot and repair the target indicator system of the AN/PPS-5(A)
Radar Set. :

b. Troubleshoot the B-Display assembly and the Rgf subassembly of the
target indicator system.

CONDITIONS:

A radar set will be set up and troubleshooting based on starting pro-
cedures will have been completed. A trouble will have been section-
alized to the target indicator system.

STANDARDS:
You must perform the following steps:

1. Review and verify information on Di Form 2407 (TM 38-750).

2. Troubleshoot the Target Indicator System by performing necessary
checks according to the following procedures (ref. Para. 15-6,
Target indicator system troubleshooting chart, TM 11-5840-298-35):

a. In the SYMPTOM Eolumn of the chart, find the symptom that describes
the B~Display malfunction observed.

Follow the CORRECTIVE MFASURES procedure oppesite the SYMPTOM,
always starting with the first step of the procedure opposite
the Symptom.

c. After each step of CORRECTIVE MEASURES procedure has been performed,
check to see if the Symptom has been remedied. It it has NOT,
proceed to the next step.

(%2

d. If the trouble has not been located after completing checks with
the control indicator, proceed to the chart in Para. 15-7, Target
indicator system troubleshooting chart for radar without control
indicator, TM 11-5840-298-35.

3. -Turn OFF and disconnect all equipment and cables and return them to
proper storage area.

4. Complete DA Torm 2407 {TM 38-750) and raturn the repaired AN/PPS-5(A)
to using unit if all mwalfunctions have been corrected and no additional
testing is required.
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TASK NO. -~ Continued

REFERENCES:

TM 11-5840-298-12. Organizational Maintenance Manual Including Repair
Parts and Special Tool Lists: Radar Set AN/PPS-5.

TM 11-5840-298-35. DS, GS, and Depot Maintenance Manual, Radar Set
AN/PPS-5(A).

TM 38-750. The Army Mainterance Management System (TAMMS).
DA FORM 2407

UNIT REPAIR SOP

TEC II Lesson MNo.
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TASK:

Troubleshoot and Tepair the target indicator system of the AN/PPS-5(A)
Radar Set.

¢. Rerove and replace components of the.target indicator sv&teﬁ.

CONDITIONS:

A radar set will be set up and troubleshooting based on starting pro-
cedures will have been completed. A trouble will have been section-
alized to the target indicator system. Tasks 6a ard 6b must ‘have been
performed before starting this task. One or wore parts will have been
identified as walfunctioning or requiring additional testing.

STANDARDS :
You must perform the following steps in sequence:

1. Review and verify conditions stated on PA Form 2407 (T™ 38-750};
make any additional remarks on troubles found and use the information
as a guidance in troubleshooting the system.

2. Tor removal and replacement of Target Indicator cowponents, follow"
the procedures refercnced below for each component (TM 11-5840-298-35):

a. Block 400 Boxcar and Audio Amplifier, Para. 15-9, Removal and
replacement of Block 400 boxcar and audio amplifier, and Para.
15~29, PRemoval and replacement of parts.

b. Pleck 2100 A-Display assembly, Para. 15-10, Removal and replace~
nent of block 2100 A-Display.

c. Block 2200 B-display assembly. Para. 15-11, Removal and replace-
- ment of block 2200 B~display assembiy, -

d. BRlock 2600 Rgf Agsembly, Para. 15-13, Removal and replacement of
Block 2600 Rgf Subassembly.

_e. Block 2700 Rgf Assembly, Para. 15-12, Removal and replacement of
block 2700 Rgf assembly.

£. TUOME jack checks J13 and J14 (replace as necessary), Para. 15-7,

s el

3. Complete DA Yorm 2407 (TM 36-750) and return repaired AN/PPS-5(A)
raday set to using vnit. Tf required, testing on the vwhole system
should be completed before release of equiprent.
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TASK NO. - Continued

'REFERENCES :

TM 11-5840-298-12. Organizational Maintenance Manual Including Repair
Parts and Special Tools Lists: Radar Set AN/PPS-5.

™ 11—5840—298—35. DS, GS, and Depot Maintenance Manual Radar Set
: AN/PPS-5(4).

TM 38-750. The Army Maintenance Management System (TAMMS).
DA Form 24C7.

UNIT REPAIR SOP

fEC I1 Lesson No.
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TASK: "

Troubleshoot and repair the target indicator system of the AN/PPS-5(A)
~ Radar Set. . :

d. Bench service the components in the target indication system of the
AN/PPS—S(A) radar set. ;

CONDITIONS:

Complete Tasks 6a and 6b before ..ari.ng this procedure. Components
requiring bench servicing and removed iIrom an AN/PPS-5(A) radar set will
be available. ’

STANDARDS:

You must perform the following general procedures when bench testing
components of the target indication system: -

. Review and verify the information on DA Form 2407 (TM 38-750).
. Set up the required test equipment.

. Connect the component for bench servicing.

1
2
3
4. Bench service the component following all notes.
5. Remove and replace all malfunctioning parts.

6. Bench adjust and test the component. :

7

. Tor specific procedures for each component see paragraphs from
™ ll—§840—298—35, referenced below:

a. Block 400 Boxcar and audio amplifier step-by-step troubleshooting
Chart, Section VI, Paragraphs 15-25 through 15-30. -

b. Block 2100 A-Display assembly, Section VII, Paragraphs 15-34, 15-35,
and 15-35.1, Block 2100 A--Display assembly step-by-step trouble-~
shooting chart, and Para. 15-36.

c. Block 2200, B—Dispiay wssembly, Section VIII, Paragraphs 15-42,
15-43 (Block 2200:B-display assembly step-by-step troubleshooting
chart), and Yara. 15-46.

d. Block 2600, Rgf Assembly, Paragraphs 15-58 and 15-59.
_e. DBlock 2700 Rgf Assembly, Section IX, Paragraph 15-52,

Bench servicing A-Scope, B-Scope, and Headphones, Section XI,
Paragraphs, 15-63, 15-G65, and 15-066.
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TASK NO. ~--Continued

8. Complete DA Form 2407 (TM 38-750) and return the repaired AN/PPS-5(A)
radar set to using unit. If required, testing on the whole system
should be completed before release of equipment.

REFERENCES::

TM 11-5840-298-12. Organizational Maintenance Manual Including Repair
Parts and Special Tool T.ists: Radar Set AN/PPS-5.

™ 11-5840-298-35. DS, GS, and Depot Maiuie: .ace Manual, Radar Set
o AN/PPS-5.(A).

™ 38-750. The Army Maintenance Management System (TAMMS).
DA FORM 2407.

UNIT REPAIR Sop

TEC II Lesson No.
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TASK:

Troubleshoot the antenna positioning system of the AN/PPS-5(A) radar set.

-

a. Troubleshoot the antenna positioning system.

CONDITIONS:

All steps set out in:Task 1, Troubleshooting based on starting procedures
on the AN/PPS-5(A) Radar Set, must be used to perform this operation.

WARNINGS in Chapter 15. 11-5840-298~35, must be reviewed. Use ref-
erence data listed in ~ 15, Section I, Target indicator system
troubleshooting anc epai. ri 11-5840-298-35, to locate sub-assemblies,
schematic diagrams, : NING: HIGH VOLTAGE 2000V and 3000V are

present in the TARGET INLLCATOR SYSTEM when RADAR is ON.

STANDARDS :
You must perform the following steps:

1. Prepare the antenna positioning system for troubleshooting by:

a. Setting up and connecting all required test equipment, ref.
Para. 16-4 and Para. 16-5 (without control indicator) T™ 11-
5840-298-35. :

b. Set the controls and turn the equipment ON as specified in
Para. 16-2, TM 11-5840-298-35,

c. After a S5-minute warm—-up period, reset external power output to
24 Volts.

2. Review and verify information on DA Form 2407 (TM 38-750) by performing
test (ref. Para. 16-2, TM 11-5840-298-35), and make additional symptom
"information notes to use as guidance in troubleshooting. :

3. Troubleshoot the Antenna Positioning System (Para. 16-4, Antenna
positioning system symptom troubleshooting chart for complete AN/PPS-
5(A) Radar Set, and Para. 16-5, Antenna Positioning system symptom
v troubleshooting chart for AN/PPS;S(A) without control indicator,
TM 11-5840-298-35) according to the following procedures:

a. In the SYMPTOM Column of the chart find the symptom that describes
the radar set malfunction observed. :

b. TFollow the CORRECTIVE MEASURES procedure opposite the SYMPTOM always
starting with the first step of the procedure opposite the symptom.

c. After each step of a CORRECTIVE MEASURES procedure has been per-
formed, check to see if the symptom has been remedied. If it has
NOT, proceed to the next step.
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TASK NO. -— Continued

4. Turn OFF and disconnect al1 equipment and cables, and return them to
Proper storage area if YO additional tests are to be performed.

5. Complete DA Form 2407 (TM 38~750) and return the repaired AN/PPS-5(A)
to the using unit if no additional tests are required,

REFERENCES :

™ 11~-5840-298-12.. Organizational Maintenance Manual Inciuding Repair
Parts and Special Tool Lists: Radar Set AN/PPS-5.

™ 11-5840-~~" = '»_GS, and Depot Maintenan:e Manual, Radar Set
., ’PS~5(A).
L LTOTIRA)

™ 38-750. The'Army Maintenance Management System ({TAMMS).
DA FORM 2407 '

UNIT REPAIR SOP

TEC II Lesson No.

113



TASK:

Troubleshoot the antenna positioning system of the AN/PPS-5(A) radar set.

b. Remove and replace the antenna positioning system components.

CONDITIONS:

All steps set out in Task 1, Troubleshooting based on starting procedures

on the AN/PPS-5(A) Radar Set, must be used to perform this operation.

WARNINGS in Chapter 15, TM 11-5840-298-35, must be.reviewed. Use ref-

erence data listed in Chapter 15, Section I, Target indicator:.system

troubleshooting and repair, TM 11-5840-298-35, to locate sub-assemblies,

schematic diagrams, etc. WARNING: HIGH VOLTAGE 2000V and 3000V are
present in the TARGET INDTCATOR SYSTEM when RADAR is ON.

STANDARDS :

You must perform the following steps in sequence:

1. Review and verdfy conditions stated on DA Form 2407 (TM 38-750); make
any addit“emal —=msrks on tToubles found and use information as a
guidance in trrwbleshooting the system.

2. TFor removal and r=placement of antenna positioning system corpoments,
follow the 3rocedumres referenced below for each component (TM 11-5840-
298-35): i

a. Block HU2 ¥ntor Control, Para. 16-7,

b. Resist= =zd Dode Assembly E3108, Paragraphs 16-8, 16-30, and 16-35,

c. Block :50@0 Aziruth, Paza. 16-49,

3. Complete Iz Ferm 2407 (TM 38-750) and rezu~m the repaired AN/PPS-5(A)
Radar Set ex wsing unit. If required, complzte testing on replaced
parts and cwr—plet 2 system. .

REFERENCES:

TM 11-5840~-298-1Z. Ozganizational Maintenance Manual Including Repair
Parts and Special Tool Lists: Radar Set AN/PPS-5.

T™ 11-5840~298-73. 15, GS, and Dspot Maintenance Manual, Radar Set
AL /PPS~5(A). :

T 38-750. The ::mmv ‘‘aintenance Management System (TAMMS).
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TASK NO. -~ Continued

DA FORM 2407
UNIT REPAIR SOP
TEC II Lesson No.




TASK:

Troubleshoot the.antenna posi-ioning system of the AN/PPS-5(A) radar set.

n »

c. Bench service the antenna positioning system.'
‘CONDITIONS:

All steps set out in TASK 1, Troubleshooting based on starting procedures
on the AN/PPS-5(A) Radar Set, must be used to perform this operation.
WARNINGS in Chapter 15, TM 11-5840-298-35, must be reviewed. Use ref-
erence data listed in Chapter 15, Section I, Target indicator system
troubleshooting and repair, TM 11-5840-298-35, to locate sub-asse: M}
schematic diagrams, etc. WARNING: HIGH VOLTAGE 2000V and 3000V are
present in the TARGET INDICATOR SYSTEM when RADAR is ON.

Components requiring bench servicing and removed from an AN/PPS-5(A)
radar set will be available.

STANDARDS :

You must perform the following general procedures when bench testing com-—
ponents of the antenna positioning system.

1. Review and verify the informatzfon on DA Form 2407 (TM 38-750).
2. Set up the required test equipzent.

3. Connect the componezit:s: for bemch servicing.

4. Bench service the comronent following all notes.

5. Remove and replace all malfunctioning parts.

6. Bench adjust and test the component.

7. Fer specific procedures for .each component see paragraphs from
TM 11-5840-298-35, referenced below:

a. Block 900 Motor Control, Section V, Para. 16-16, 16-2€, and 16-26.1.

b. Block 1200 relay control,

c. Block 2800 Azimuth counter, Section V and XI, Para. 16-16 and 16-44.

d. Block 2400 Azimuth Servo Generator and amplifi=r assembly, Section
¥, Para. 16-16, 16-39, and 10-40.

e. Block 1600 Azimuth counter z=sembly in rec-xmcr, Section V,
"Para. 19-15.

£. Block 1700 Commutator Assembly, Section . Para. 16-14 and 19-15.
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TASK NO.

7.
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—— Continued

Resistor and diode assembly E3108, Section VIII, Para. 16-29.
Component Board E3602, Section IX, Para. 16-34.

Block 1500 Azimuth Drive, Section XII, Para. 16-48.
Lampholder Assembly E1801, Section XIII, Para. 16-50.

Servo loop test, Section V, Para. 16-16.

8. Complete DA Form 2407 (TM 38-750) and return the repaired AN/PPS-5(A)
to using unit, if no additional tests are require!

REFERENCES :
TM 11-5840-298-12. Organizationmal Maintenance Manual Including Repair

Parts and Special Tool Lists: Radar Set AN/PPS-5.

™ 11-5840-298-35. DS, GS, azié Depot Maintenance Manual, Radar Set

AN/PPS-5(4). :

TM 38-750. The Army Maintenz=ce Management System (TAMMS).
DA FORM 24CW7

UNIT REPAIR. SOP

TEC II Lesson No.




TASK:
Troubleshoot the antenna positicning system of the AN/PPS-5(A) radar set.

d. Adjust, align, and test the antenna positioning systexm
CONDITIONS:

All steps set out in Task 1, Troubleshooting based on starti ing procedures
on the AN/PPS-5(A) Radar Set, must be used to perform this operation.
WARNINGS in Chapter 15, TM ll 5840-298-35, must be reviewed. Use ref-
erence data listed in Cbapter 15, Section I, Targe: indicator system
trcubleshooting and repair, TM 11—3?40—298—35, to locate sub-assemblies,
schematic diagrams, etc. WARNING: HIGH VOLTAGE 0OV and 3000V are
present in the TARGET INDICATOR SYSTEM when RADAR -is ON. Components
requiring bench servicing and removed from an AN/EPS-5(A) radar set will

be available. The antenna positioning system in the AN/PPS-5(A) radar

set has been repaired and reassembled, but not fizally adjusted and aligned.

STANDARDS :
You must perform the following procedures:
1. Set up required test equipment, Para. 16-i0, 16-18, 16-22, 16-37,
16-42, 16-48, and 16-50, T™M 11-5840-298-35.
2. Adjust and align the following compou=nts during bench servicing:

a. Block 2400 Azimuth Servo Generator and Amplifier Assembly, Para.
16-11, TM 11-5840-298-35.

b. Block 900 Motor Control, Paragraphs 16-12, and 16-26.1, TM 11- -5840-
298-35,

c. Syncho Transmitter T1601 with control transformer T2801, Para.
16-13, T™M 11-5840-298-35.

d. Azimuth Sweep Potentiometer R1703, Para. 16-14, TM 11-5840-298-35,

3. Test the Servo Loop of the antenna ﬁbsitioning system, Para. 16-16,
T 11-5840-298-35, '

4. Perform Direct Support Testing of the Antenna Positioning System,
Section VI, Paragraphs 16-17 through 16-20, T 11-5840-298-35.

5. Complete DA Form 2407 (TM 38-750) and return the repaired AN/PPS-5(A)
to using unit if no additional tests are required.

118

(continued)




TASK NO. -~ Continued

REFERENCES :
™M 11-5840-298-12. Organiz.tic .al :aintenance Manual Including Repair
Parts and Special Tool Lists: Radar Set AN/PPS-5.

™ 11~5840-298-35. DS, GS, and Depot Maintenance Manual, Radar Set
AN/PPS-5(A) .

TM 38-750. The Army Maintenance Management System (TAMMS).
DA FORM 2407

UNIT REPATIR SOP

TEC II Lesson No.
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TASK NO. -~ Continued

Wt
\

g

3. c. After each step of a CORRECTIVE MEASURES procedure has been per-
formed, check to see if the Symptom has been remedied. 1If it has
NOT, proceed to the next step.

4. Turn OFF and disconnect all ‘equipment and cables and return them to
proper storage area if no additional tésting is required.

5. Complete DA Form 2407 (TM 38-750) and return the repaired AN/PPS-5(4)
-Tadar set to using unit.

REFERENCES ¢
T 11-5840-298-12. Organizational Maintenance Manual Including Repair
Parts and Special Tool Lists: Radar Set AN/PPS-5.

™ 11-5840-298-35. DS, GS, and Depot Maintenance Manual, Radar Set
AN/PPS-5 (A). o

™M 38-750. The Army Maintenance Management System (TAMMS).
DA FORM 2407. i

UNIT REPFAIR SOP

TEC II Lesson No.
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TASK:
Troubleshoot and repair the power supply system.
b. Remove and replace power suppl& éomponents.

COMDITIONS:
All steps set out in Task 1, Troubleshooting based on starting procedures
on the AN/PPS~5(A) Radar Set, must be used to perform this operation.
WARNINGS in Chapter 15, TM 11-5840-298~35, must be reviewed. Use ref-
erence data listed in Chapter 15, Section I, Target indicator system
troubleshooting and repair, TM 11-5840-298-35, to locate sub-assemblies,
schematic diagrams, etc. WARNING: HIGH VOLTAGE 2000V and 3000V are
present in the TARGET INDICATOR SYSTEM when RADAR is ON. Task 8a must

be completed before starting this operation. WARNING: HIGH VOLTAGE is
present when power is turned ON (+2000V to -2000V).

STANDARDS:
You must perform the following steps in sequence:

1. Review and verify conditions stated on DA Form 2407 (TM 38-750); make
any additional remarks on troubles found, and use the information as
a guidance in troubleshooting the system.

2. For removal and replacement of Power Supply System components, follow
the procedures referenced below for each component (TM 11-5840-298-35):
a. Block 1200 Relay Control, Para. 17-12,
b. Block 2300 Power Converter, Para. 17-10, 17-33

c. Block 3300 Interlock Relay Board Assembly, Para. 17-11, 17-40
d. Block 700 Radar Power Converter, Para. 17-9, 17-26.

e.. Filter Choke L3601, Para. 17-13.
f. Transistor and Potentiometer, Para. 17-47.

g; Power Supply, Para. 17-54,
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TASK NO, ~~ Continued

3. Complete DA Form 2407 (TM 38-750) and return repaired AN/PPS-5(A)
Radar Set to using unit. If required, complete testing on replaced
parts and system. ’

REFERENCES :
.TM 11-5840~298-12. Organizational Maintenance Manual Including Repair
Parts and Special Tool Lists: Radar Set AN/PPS-5.

™ 11-5840~298-35. DS, GS, and Depot Maintenance Manual, Radar Set
‘ ~ AN/PPS-5(A).

TM 38~750. The Army Maintenance Management System (TAMMS).
DA FORM 2407

UNIT REPAIR SOP

TFC II Lesson No.
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TASK:

Troubleshoot and repair the power supply system.

¢.” Bench service the power supply system.

CONDITIONS

W e d gt i

Steps set out in Task 1, Troubleshooting based on startlng procedures
on the AN/PPS-5(A) Radar Set, must be used to perform this operation.
WARNINGS in Chapter 17, ™ 11—5840—298-35, must be reviewed. Components
requiring bench servicing will have been removed from an AN/PPS-5(A)
Radar Set and will be available.

_ STANDARDS :

You must perform the following general proéedures when bench testing
components of the Power Supply System:

Review and verify the information on DA FORM 2407 (™ 38-750).
Set ﬁp the required test equipment. '

Connect the component for bench servicing.

Bench service the component following all notes.

Remove and replace all malfunctioning parts.

. Bench adjust and test the components.

N o 0N+

For specific procedures for each component see Paragraphs from
T™M 11-5840-298-35 referenced below: .

a. Block 700 Power Converter, Section V, Paragraphs 17-21 thru 17-25.
b. Block 2300 Power Converter, Section VI, Paragraphs 17-28 thru 17-34.

c. Block 3300 Interlock Relay Assembly, Section VII, Paragraphs 17-35
thru 17-41.

-d. Block 1200 Relay Control, Section VIII, Paragraphs 17-42 thru 17-48.

e. Power Supplies [PP-4450A/PPS-5, PP-4450/PPS-5, and PP-440B/PPS~5],
Section IX, Paragraphs 17-49 thru 17-58.
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TASK NO. ~— Continued

8. Complete DA Form 2407 (Tﬁ 38-750) and return the repaired AN/PPS-5(A)
to using unit., If required, complete testing on replaced parts and
system.

REFERENCES ¢

T 11-5840-298-12. Organizational Maintenance Manual Including Repair
' Parts and Special Tool Lists: Radar Set AN/PPS-5,

TM -11-5840-298-35. DS, GS, and Depot Maintenancéthnuai; Radar Set
AN/PPS-5(A).

TM 38-750. The Army Maintenance Management System (TAMMS).
. DA FORM 2407 '

UNIT REPAIR SOP

TEC II Lesson No.
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TASK:

Troubleshoot and repair the power supply system.
d. Adjust and align the power system.
CONDITIONS:

All steps set out in Task 1, Troubleshooting based on starting procedures
on the AN/PPS~5(A) Radar Set, must be used to perform this operation.
WARNINGS in Chapter 15, TM 11-5840-298~35, must be reviewed. Use ref-
erence data listed in Chapter 15, Section I, Target indicator system
troubleshooting and repair, TM 11-5840-298-35, to locate sub-assemblies,
* schematic diagrams, etc. WARNING: HIGH VOLTAGE 2000V and 3000V are
present in the TARGET INDICATOR SYSTEM when RADAR is ON. Task 8c must
be completed before starting this operation. WARNING: HIGH VOLTAGE is
present when power is turned ON (+2000V to -2000V). Components requiring
bench servicing and removed from an AN/PPS-5(A) Radar Set will be available.
The Power Supply System from and AN/PPS-5(A) Radar Set has been repaired
and reassembled, but not finally adjusted and aligned.

STANDARDS :

You must perform the following procedures:

1. Set up required test equipment, réf. Para. 17-5, 17-15, 17-22, 17-29,
17-36, 17-43, and 17-50, TM 11-5840-298-35.

2. Adjust and align the following components during bench servicing:
a. Power Supply System, Para. 17-2, TM 11-5840-298-35.
b. Block 700 Power Converter, Para. 17-27, TM 11-5840-298-35.
c. Block 3300 Interlock Relay Assembly, Para. 17-41, TM 11-5840~298-35.

3. Test the Power System'[Direct Support], Section IV, Para. 17-16, 17-17,
17-18, 17-19, and 17-20, TM 11-5840-298-35.

4. Complete DA Form 2407 (IM 38-750) arnd return the repaired AN/PPS-5(A)
to the using unit. If required, complete testing on replaced parts
and system.
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TASK NO. -~ Continued

REFERENCES :

TM 11-5840-298-12. Organizational Maintenance Manual Including Repair
Parts and Special Tool Lists: Radar Set AN/PPS-5.

" TM 11-5840-298-35. DS, GS, and Depot Maintenance Manual, Radar Set
AN/PPS-5(A).

T 38-750. The Army Maintenance Management System (TAMMS)..
DA FORM 2407 )
UNIT REPAIR SOP

TEC II Lesson No. L~
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TASK:
Complete testing and alignment of Radar Set AN/PPS-5(A).
a. Perform system teéting on Radar Set AMN/PPS-5(....
CONDITIONS .

An A1/PPS-- %) Radar Set that —z-: been ei:her out of speration for a
prolonge jpexi=d, or that has br:n extensively repzired will be available.

STANDARDS :

You must mer~orm the following steps in sequence:
1. Set up :1l1 required zest eraipment, Chapter 1€ M 11-5840-298-35.

2. Perforr initial control s=rtings on the Radar Set AN/PPS-5(A), ref.
Section II, Operation und=r usual conditions, Para. 3-3, Preliminary
control settings, TM 11-5840-298-12).

3. Perform operational checks, ref. Chapter 4, Para. 4-5, Operation's
"daily preventive maintenance checks and services chart, TM 11-5840-
298-12.

4. Perform complete system testing on Radar Set AN/PPS-5(A), ref. Para.
18-2, Radar Set AN/PPS-5 complete testing, TM 11~5840-298-35.

5. Turn OFF and disconnect all equipment and cables. Set up for bench
testing in next task.

REFERENCES :
T 11-5840-298-12. Organizational Maintenance Manual Including Repair
Parts and Special Tool Lists: Radar Set AN/PPS-5.

™ 11-5840-298-35. DS, GS, and Depot Maintenance Manual, Radar Set
: AN/PPS-5(4A).

TM 38-750. The Army Maintenance Management System (TAMMS).
DA Form 2407.

DA Form 2408-5.

UNIT REPAIR SOP

TEC II Lesson No.
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Performance Test
Troubleshooting
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EVALUATION MANUAL

PERFORMANCE TEST

TROUBLESHOOTING
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INTRODUCTION

GENERAL INSTRUCTIONS TO EVALUATOR
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Aruitoxt provided by Eic:

INTROC Y T“TON :
\ENERAL INSTRUCTZENSS TO EVALUATOR

This m zer’ i 1as been assemblzd “or use by individuals responsible for
the =dmini: crmtz-1 of the Performaz. - Tests for Evaluating Skill Proficiency

i

in 1 )$ 26C.  T:cuzng the performance f maintenance job tasks requires con-
sideranle pr2pnrotion. This materis - is provided as an aid to that prepara-
tiom. Read zirow 211 the materiz’ ; in the manual before beginning your
prepaTatiom.

Tre Perisrmorre Tests are mnde = of tasks found on-the-job and use
acttuzl equirment. tools, and mater-i:is. This manual is divided into
sections, ez-h o whick provides spc flc instructions for the preparation,
administratiocn ancé scoring of one Pzrformance Test.

Part I o czch section includes ‘the performznce objective with a state-

nt of the task o be performed, the job conditions under wixich it is to
b: nerformesd anf -he standazds to wirich it is to be performed.

Part TI incluides = “ist of refeurences for the doctrinal procedures,
warningz., =2d decailed Instructiczs for performing the task. These rei-
erences == provided £:r the “rzluator's information only. The Examinee
may or 5’ not usa thesz proce’ . T2SC

po-t IIY mrovides mistale ! dmstructions to the Test Administrator and

Evaluates  Tihigse Znclude:

.. Tha purpcee of tle zer.

Z. & Zesaripzion ol ke t2gt conditions.

Z _dfist of whz mrulirmer= touls and materials needad to admin-
. ziter the TesTl.

4. cresmrdoiion of thoe fxiilities.

5. Tersonnel needed to administer the test .and the administrative
rroceduresr to include -formation nccessary to insure standard-

izatian of test adminis _ration.
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General Instructions to Evaluzter Continued)

Tke instructioms :o thk. Examdnee. These imstructions will be
rezd to the Exemirse b+rore -he test is started.

The sccring form with z=orfng instroctions.

PREPARATION FOR THE TEST

To prepare for ezch test, you -tist zccomplish the following:

4.

#ssembie all requirad scuizrent, mazerizls and tocls, ‘oeluding
Zorms and pencils.

Set up the test st=ticn as czscribef in the test -onditions.

Fer those tests whore the Examimee must isplate malfumction,
you must insert the desfignzred faulty component before =he

ZExaminee arrives =r tesrimg.

2lan the order in which :==sch test will be adminizrered =o each
Txaminmea,

ADMINISTRATION OF THE TEST

Tc adminZster the test, youw mus- perform the following:

-

L

2.

Read tire instruc=icns tr  the Examimme after b= has arrived at
the tes: station.

Start tae test br saying 3D, and begin timing of the tast.

Observe the Examimse's mu-formance snd make the necessary
recordicy ~% infprmation.

Stap <he Ezaminee Zf he is about to imitiate za acr—on that
will constitute z as:zarc o himself cr %o the ecuizment.

At the conclusior . zh= test send the ZIxaminee to the aext
test station.

Corrlate the Scor: “heat anc rrepare far —he mraxt Tesz.
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PART 1

PERFORMANCE= OBJECTTVE
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“TROUBLESHOOT AND REPAIR THE AN/PPS-5(A) RADAR SET

TASK :

Trouhleshoot the AN/PPS-5(A) radar.

CONDITZONS :

Giver: An AN/PPS~5(A) radar set that is not operating properly, = DA

FORM 2507 with symptom information, all necessary tools, test equipment
and éocuments.

Task will be accomplished at a work bench set up for bench servicing

with. adequate lighting and working space. All safety precautions
will be observed, :

STANI:ARDS :
Yo must: perform the following procedures:
1. Verzify the information on DA FORM 2407 by performing the necessary
chescks,

2. Idemtify the system which contains the faulty component responsible
for the malfunction syzptom information.

3. Ideatify the sub-assembly wihhin.the system which contains the faulty
commonent . : - .

4. Idemtify the stage within the sub~assembly which contains the faulty
component. ’ -

5. Idemtify the faulty component.
Operate all test equipment correctly.

6
7. Use safe operating procedures at all times.
8. Complete the test in one hour.

" REFERENCES:

™™ 11-5840-298-12. Organizational Maintenance Manual Including Repair
Parts and Special Tool Lists: Radar Set AN/PPS-5,

M 11-5840-298-35. DS, GS, and Depot Maintenance Manual, Radar Set
AN/PPS—S(A).

M 38-750. The Army Maintenance Management System- (TAMMS).

TMs for Test Equipment
DA FCRM 2407
UNIT REPAIR SOP
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PART 2

DETAILED TASK PROCEDURES




DETAILED TASK PROCEDURES

The specific faulty components for this troubleshooting problem are
the CR101 and CR102 Crystals located in the Block 100 IF Signal Mixer.

The following paragraphs from TM 11-~5840-298-35 describe the doctrinal
troubleshoofing procedures necessary to identify the CR101 and CR102 Crystals
as faulty: .

Chapter 10, Paragraph 10-6.

Chapter 13, Paragraphs 13~1 through 13-13.
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PART 3

EVALUATOR INSTRUCTIONS
FOR ADMINISTRATION AND SCORING

-7

-
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PERFORMANCE TESTS FOR TROUBLESHOOTING

The Performance Test for troubleshooting the AN/PPS-5(A) requires that
the Examinee successively isolate a malfunction to a system, sub-assembly,
stage, and faulty component. The specific procedures, tools and test equip~
ment used in troubleshooting will vary with Examinee The evaluation of
troubleshooting performance 1equires the observation of the end reeult of
sets of activities, Examinee's use of the test equipment he selectsméo\use,
and whether or not Examinee follows safe operating procedures.

- .

TASK

For this Performance Test the Examinee must troubleshoot the AN/PPS-5(A)

radar set and isolate the malfunction as follows:

l. System —= Target Indicator
2. Sub-assembly -- Block 100
3. Stage - IF Signal Mixer '
Component ~-'CR101 and €R102 Crystals (open) _

The test requires that the Examinee demonstrate:

1. Skill and speed in obtaining symptom information by using
various piecces of test equipment,

2. Interpretation of symptom information leading to the isolation
of a malfunction to succeeding levels of equipment sections.

3. The use of safe operating procedures.

TEST CONDITIONS

Site--this test will be conducted at a work bench normally used for
electronic maintenance activities. Tools and equipment will be arranged
as they would typically be found on the job.

Lighting-~the bench will be well lighted so all parts are easily

.visible.

Uniform~~the soldier will be dressed in the standord duty uniform.

A
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EQUIPMENT, TOOLS AND‘MATERIALS

‘The following will be available at the work bench:

AN/PPS-5(A) radar ‘set with the CR101 and CR102 Crystals open.

Dummy load ' : Pulse generator (two)

Oscilliscope o Test faciliﬁies kit MK-980
. Power Supply Audio Oscillator

Tool Box VIVM

DA FORM 2408 (blank) TMs for test equipment

TM 11~5840~298-35 . A DA FORM 2407 with the

following information:

TM 11-5840-298-12 . , o

In addit

_ stop watch.

No target received

No audio in headset’

ion, you must have a clipboard, score sheets, a pencil and a

" FACILITIES AND TEST PERSONMEL

Facilities--the ‘test station should be in a facility normaily used for

electronic maintenance activities. If not, make the following preparations:

1.
2.
3.

5.

6.

‘

An areca

and hearing

Ground the work bench. .-
If the building is metal, it must be grounded.

In addition to normal building power supplies, make available
6 volt DC and 24 volt DC power supplies.

Place a rubber mat on the floor in front of the work bench thatf
extends the entire 1ength of the bench.

Place electronic emergency and first aid supplies near the work
bench for easy access.

Place a fire extinguisher in the room.

must be- available where Examinees can wait that is out of sight

of the test station. Examinees will be required to return to

this area after cach test while the test station is prepared for the next

adninistration.
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Personnel~-One test administrator will be fequired. His dutie§>w111

be:
1.

Before the Examinee(s) arrive for testing, brief the Evaluators
and observe their preparation of their test station(s). Assure
that all required equipment and materials have been assembled.
Verify all malfunction symptom information required at specific
test stations. Position the Evaluators for their most advan-
tageous observation of Examinee(s) during testing.

When the Examinee(s) arrives, brief him on hew the tests will be
administered. C )

During the test, observe the administrative proéedures, making
note of gross administration errors that would invalidate test
results. ’

Affér the test, observe that Examinee(s) return to the waiting
area. Collect the score sheets while the Evaluator(s) prepares
his (their) test station(s) for the next administration.

One Evaluator [who has had at least one year of experience in the

maintenance of electronic equipment and is familiar with the AN/PPS-~5(A)

radar set and its test equipment] will be required for each test station.

‘His ddties will be:

1.

_Before the test, read through the evaluation manual. Assemble

all equipment, tools and materials. Check that the facilities
meet safety requirements...

Before the Examinee arrives, prepére.the test station to meet
the test conditions. Insert the faulty component (s) to create
the specified malfunction symptom information.

When the Examinee(s) arrive(s) at your station, read the
instructions to him. Answer any questions pertaining to test
administration, but do not tell him how to perform the task.
Any questions about the task should be answered, "Perform the
task as you would do it on~the-job."

During the test, observe and time the Examinee's performance.
STOP him at any time he is about to initiate an action that will
constitute a hazard to him or to the equipment. Explain the
hazard before allowing him to proceed. Timing will continue and
will not be stopped. -

When the test is completed, send the Exaﬁinee back to the
waiting area.
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INSTRUCTIONS TO EXAMINEE

The Test Administrator will read the followingz instructions to the

Examinee(s) when he (they) arrive(s) at the waiting area:

"Today you are to be evaluated on how well you do your. job. The
evaluation procedures require you to perform various tasks taken from your
~job. The specific task will be explained by the Evaluator at each test
station. You may ask questions about the test administration.procedurés,
but not about the task. When &ou are ﬁold 'G0', perform the task as you
would on ;;;r;job. Report to the Evaluatb}f;;§-information he instructs
you to provide. If you are about to initiate an action that.the Evaluator
thinks will constitute a hazard to you or to the equipment, he will STOP
you, explain the hazard, and then allow you to proceed. For each such
violation of safe operating procedures, or improper use of tesf equipment,
you will receive penalty points. After completién of each test you will

return to this waiting area while the test station is being prepared.

Are there any questions? Alright, go to your first test station."

e

-

The Evaluator will read the foilowing instructions to the Examinee when he

arrives at the test station:
"“"At this station you will be tested on youf abiiity to troubleéhéot the

AN/PPS-5(A) rédar setfv As you isoiate the malfunction to the sysﬁem,
"verbally report the system to me in which you think the malfunction is
located. Also report the sub-assembly and stage as you isolate the mal-
function further. Finally, report the component and(its fault that is
causing the malfunction symptom information. Use any of the materials,
tools and equipment that you necd. I will STCP you at anytime I think you

. \
are about to initiate an action that will constitute a hazard to you ox
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to the equipment. You will be scored on your isolation of the mal-
function(s) to the system; SuB—assemBly; stage, aﬁd component. You will
also be evaluated on your procedures in terms of safe operation and cor-
rectness of use of any test equipment. You will have one hour to—qomplete

the test. Do you have any questions? Alright, 'GO'."
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(FormB) ..
SCORING INSTRUCTIONS FOR FEVALUATOR

Electronic mainﬁénance technicians tend to develop their own unique sets
of troubleshooting procedures as they gain experience with specific electronic
equipment. Therefore, checklists of specific procedures are not used as
standards of performance. Instead, the results of successive sets of activi-
ties are evaluated. _

- ITEM I on the score sheet is for scoring the Examinee'svability to
isolate the malfunction. If the Examinee correctly identifies the successive
locations_of the malfunction indicated on the score sheet, make a check in
the column headed CORRECT. If his identifications are wrong, check the
INCORRECT column.

ITEM II or the score sheet is for scoring the Exaﬁinee in terms of
correct use of test equipment. Check whether or not the Examinee used each
plece of equipment. For each piece of equipgent used, check whether or not
he commited the errors that are listed.

ITEM III on the score sheet is for scoring the Examinee in terms of safe
operating procedares. Check whether or not he committed the safety wiolations
listed.

STOP the Exmminee after one clock-hour if he has not isola==i the

‘malfunction to the component prior to that time.
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. EXAMINEE - SOCTAL SECURITY AD.

RARK ‘ B " TIME STARTED
EVALUATOR o TIME FINISHED

TASK: TROUBLESHOOT THE AN/PPS—5{A) RADAR. SET.

I. Isolation of Malfunction.

| CORRECT { INCORRECT |- ACTIONS

1. Verified symptom information.

2. Isolated malfunction to.Receiver Transmitter.

3.  Isolated malfunction to Block' 100‘Sub-assembly.

, 4. TIsolated malfunction to:-IF Signal Mixer

5. .Identified CR101 and CR10Z2 Crystals as open.

GRADE: SATISFACTORY
URSATISFACTOR"

Instruc—ions:

1. Check whether actions were correct or incorrect.
2. Check satisfactory if all actions were correct.

3. Check unsatisfactory if one or more actions were incorrect.

II. Equipment Use.

A, VIVM USED NOT USED R

e e

YES | NO ACTION

Al. Measures resistance with equipment power tulmned on.

A2. Used incorrecct sequence of scale settings for measuring
voltage. Sirould go from high to low scales.)

A3. Did not zero ‘the meter.

A4. Used probes in a sloppy manner--danger of shorting out
'~ other components.

A5. Other (Specify)

kn.;nl'4151|nﬂ\ : . 14/1




TEST 40, TROUBLESHOOTING ~ page 2 . SCORE’SHEET (Form B)

II. Equinm= - Use. _ ) . ’ @

B. OSCILLOSCOPE - USED - NOT USED

YES | NO ACTION

Bl. Incorrect operation.

C. WAVEFORM GENERATOR ' USED NOT USED

YES § NO ACTION

Cl. Damaged cables.

C2. Did no: reZ=r to TM 11~5840-298-35 for set up.

D. O3CILLATOR USED NOT USED

YI5 | NG ACTION

D1. Damaged Czxles.

D2. Did not refer to TM 11-5840-298-35 for set up.

E. TEST FACILITIES KIT (MK 980) ' USED NOT USED

YES | NO ACTION

El. Damaged connector pins.

E2. Connected-Disconnected cards while Kit was turned on.

E3. Used improper sequence in turning the Kit ON or OFTF.

E4. Used improper tools when removing cards from Kit.

F. DUMMY LOAD USED NOT USED ___

YES | NO ACTION

L

1. Tncorrect alignment when connected.

GRADE: SATISFACTORY

URSATTSFACTORY

(contirnued)




n 'TEST NO. _____ TROUBLESHOOTING ~ page 3 SCORE SHEET (Form B)’

II. Equipment Use.

Instructions:

Check satisfactory if all actions have been checked "NO".
Check unsatisfactory if Action #Al was checked "YES".

Check unsatisfactory if three or more of Actions A2 through r1
have been checked "YES".

I1I. Safe Operating Procedures.

YES | NO ACTION

1. Hands placed in Block 700 [+300V, +110V] or Block 2300
[+2000V, -2000V] Power Converter when Radar Set is ON.

2. ONE HAND RULE not used. [One hand on test-probe, one hanc
in your pocket, or behind your back] when testing voltag
in A-Scope and B-Scope Display Circuits [4-20C0V is present
when power and equipment switches are ON].

3. Head and,/or body closer than 2 feet in front of the antenn;
for more than 10 minutes while Radar Set is transmitting
[High frequency electromagnetic radiation can cause fatal
internal burns and eye damage].

4. Not discharging A~ and B-Scope after turning OFF power and
before working in high voltage circuit.

5. Fingers in contact with gears of th%e Antenna System.

b. Improper Power Supply used [Severe damage to the Radar Set
may result].

7. Power not removed before removing component from Radar Set

8. Test equipment not grounded to Radar Set.

9. Battery Electrolyte not removed or neutralized from skin
and clothing by flushing with water.

[LO0. Use of metalic tools where non-metalic tools are called fo
in making adjustmwents on the Radar Set.

11. Not using due caution when operating equipment, such as
setting test equipment, tool box, etc. in the path of
antema movement; allowing cables to become entangled, elc

12. Holding test equipment probe by metal.

13. Failing to discharge high voltage circuits prior to taking
measuremnents.




-

TEST KO. _ TROVBLESHOCTING — mage 4 SCORE SHEET Zorm B).

ITI. 3Safe Operating Prci:edur-es.

* GRADE: SATISEACTORY

UNSALTISFACTORY

Instructions:

1. Check "YES" for each of the actions committed by the Examinee.

2. Check satisfactory if no more than three of the actisms are
checked "'YES".

- 3. Check unsatisfactory if more than three actions are -zfrecked "YES".

-
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