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MAINTAIMABILITY TECHNIQUE STUDY
FOREWARD
The objective of this program was to investigate the

' factors which influence the maintainability of Air

Force electronic equipment and further, to identitfy
and measure these factors to provide a quantitative
methodology for specifying and predicting the main-
tainability of new systems and o?uipm.nt. These
objectives were met through the lementation of a
five (5) phase program. An cxtonnivc field data
collection program, necessary because of the lack of
basic time-to-repair data, made it possible to
identify and measure the primary factors affecting
ability to perform maintenance. Analysis of the
data and application of statistical techniques re-
sulted in the formulation of a Maintainability Pre-
diction Technique, thus meeting the original pro-
gram objectives.

The results of this study have already found appli-
cation in a number of Air Porce contracts and are
reflected in the measurement and demonstration
procedures described in Appendix A of Specification -
MIL-M-26512B "Maintainability Requirements for
Aerospace Systems and Equipment." The results

of this study will find greatest application to
electronic systems. PFurther investigation is
needed to prove its validity in electromechanical
systems.

FRANK D. MAZZOLA, Project Engineer

iii



The maintainability evaluation techniques presented in
this report represents the combined effort of the following

personnel:

Rome Air Development Center

D. Magsola, Project Engineer, RASGR |
J. 8chiffler, RASHG

RCA Service Company

H.
B.
8.
K.
G.
L.
R.
R.

D. Voegtlen, Group Manager
L. Retterer, Project Manager
Bishop

B. Green

H. Griswold

W. Leldy

A. Miles

L. McLaughlin

Radio Corporation ot' America,

Defense
H.
H.

Applied
A.

Electronic Products

W. Kennedy
Dordick

Psychological Services
I. 8iegel

iv

T v i ORI TR AN i



A:,,&ﬁ‘g‘

B s L TR

ABSTRACT

This report, contained in two volumes, summarizes the final
results achieved in the performance of the Maintainability
Techniques 8tudy sponsored by the Rome Air Development
Center under Contract AF30(602)2057. The broad objective
of this study was the formulation of a maintainability
technology applicable to ground electronic systems.

Volume I, describes the investigations made to (1) identify
factors affecting maintainability, (2) specify maintaina-
bility on a quantitative basis, (3) improve design of ground
electronic equipment, (4) predict maintainability of elec-
tronic systems, and (5) derive trade-offs relating relia-
bility, maintainability, and other system parameters.
Particular emphasis is givon to the f£ifth phase of stu
which was devoted to validation of the prediction technique
and the investigation of the Blectronic Maintenance
Proficiency Test. The volume is concluded by noting the

current status of maintainability technology and recommending
areas for additional research.

Volume II is a compilation of the analytical techniques
and related maintainability information developed in the
course of the study. Topics treated include: maintenance
theory and classification, systems maintenance engineering,
design guidelines, prediction technique, design review,
demonstration testing, and field data acquisition.
Collectively, this information forms a body of knowledge
useful to the maintainability engineer.
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MAINTAINABILITY TECHNIQUES STUDY
FINAL TECHNICAL REPORT
(PHASE V)

1. INTRODUCTION
1.1 Purpose of the Report

This report presents the final review of the results
achieved in the performance of the Maintainability Techniques
Study sponsored by the Rome Air Development Center under
Contract AF 30(602)-2057. To provide maximum utility of
the information derived, this report has been divided into
two volumes. Volume I presents a complete review of the -
total program including the experimental procedure plus
the results achieved. Considerable detail is provided
concerning the validation work performed during Phase V
of the research program. Volume II is a compilation of
the maintainability engineering techniques developed by
the study. It is intended that the second volume will
form a ready reference document for the maintainability
engineer.

1.2 gtudy Objectives

The maintainability technique study was directed toward
the broad objectives of increased availability of Air
Porce systems, and the reduction of system support cost
during service life. To achieve these objectives, means
for quantitative evaluation and control of maintainability
during the system life cycle were sought. Specifically,
the study sought to accomplish the following:

a. Identification of the factors influencing main-
tainability and the formulation of methods for
measuring the magnitude of these factors.

b. Development of mathematical relations between the
maintainability factors and maintenance time,
permitting the formulation of a prediction
technique.

c. Establishment of means for specifying maintain-
ability on a quantitative basis.



d.

Providing criteria for design guidance to improve
ground electronic equipment maintainability.

Deriving trade-off relations between reliability,
maintainability, and cost.

The analytical tools provided by accomplishment of the
above would contribute significantly to establishing
maintainability as a well defined technology.

1.3 §tudv Program

The research program designed to accomplish the above stat-
ed objectives consisted of five formal stages as described

below:s

b.

Phase I - Design of Research Plan

The plan formulated a group of factors believed

to affect maintainability. Methods of information
acquisition for laboratory experiments and field
observation were developed. Techniques of analysis
leading to the formulation of a prediction methodo-
logy were developed. Finally, a trial application
and validation procedure was outlined. The Phase I
portion of this research postulated many of the
factors that affect maintainability, and developed
preliminary methods of measurement for these factors.

Phase I - Field and Laboratory Data Collection

Three representative ground electronic equipments
were selected as study vehicles. Information
relative to equipment design, and support factors
was collected at a number of operational field
sites and at three semi-controlled laboratory
locations. The approach consisted of measuring
maintenance task performance during normal operation
at field sites. For the laboratory programs,
maintenance tasks were simulated through a carefully
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designed schedule of malfunction or faults. Por
both field and laboratory programs maintenance

task time measurements were recorded in conjunction
with a quantitative evaluation of equipment design,
scoring of personnel factors, and rating of support
factors that affect the maintenance task.

During this phase certain modification of the
measuremernit methods postulated during Phase I

were accomplished. The relation of maintainability
to the elements of design and logistic support
were determined during the data collection and pre-
liminary analysis phase of effort.

Phase 111 ~ Data Reduction and Analysis

During this phase a comprehensive analysis of all
field and laboratory data was performed. Pre-
liminary analyses of portions of the data were made
and quantitative expressions for maintainability

" in terms of maintenance time were derived. The

major elements of design, personnel, and support
that contribute to time were isolated. Mainte-
nance indices appropriate in describing main-
tainability were developed. These measures are
useful in determining maintainability levels for
present equipment, for comparison with other types
of equipment within the Air PForce inventory, and
in establishment of state-of-the-art guidelines
for evaluation of néw designs and modification of
support structure.

Phase ]IV - Development of Prediction Method

The information collected and reduced during Phases
II and III constituted a body of knowledge from
which the relation of equipment maintenance to
design, personnel, and support factors was deter-
mined. Regression and correlation techniques

were used to isolate the significant relations and to
determine the relative magnitude of the many factors



that make up the numerical expression of main-
tainability. The prediction methodology developed
will make possible design cycle control of new
systems based upon quantitative knowledge of main-
tainability factors.

e. Phagse V - Trial Application and Validation

This phase consisted of a trial application of the
prediction method using an existing equipmen: not
previously studied or evaluated for its maintaina-
bility. 'The prediction included both an early
assessment based on preliminary system planning
and a more detailed design review and prediction
later in the development cycle. A field study was
performed subsequent to the prediction. The data
derived through the observation of actual mainte-
nance activity, when compared to the predicted
values, were significantly related. This f£inding
established the validity of the technique.

1.4 Summaxy of Contents

This volume presents in Section 2 a review of the results
achieved by the study. Comments are made concerning the
degree to which each of the desired objectives were ob-~
tained. Section 3 contains a complete review of the major
investigation phases accomplished during the course of

the Phase V program. Included in this review are disscus-
sions concerning the validation of the prediction technique,
Electronic Maintenance Proficiency Test, investigating and
general refinement of the developed maintainability
technology. Section 4 reviews the current maintainability
state-of-the-art and provides recommendations for con-
tinued research. Appendices I and II contains the supporting
data used in the Phase V program.
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2. PROGRAM RESULTS

2.1 Pactor Identification

During the formulation of the program plan, it was
recognized that maintainability could be evaluated in

terms of several parameters including cost, time, and other
important consequences. Of these, it was considered that
time was the most basic and of immediate concern. The plan
formulated called for a broad investigation of those factors
which were considered directly to affect maintenance time.
Figure 2.1, "Maintainability Pactors," identifies those
which were studied. It will be noted that equipment
design, technical personnel, and the maintenance support
environment, were considered the major parameters. Within
each parameter, a number of factors, considered to
influence maintenance time, were established. The
identification of these factors thus fulfilled one part

of the first program objective.

2.2 Measurement Technigues
2.2.1 Factor Measurement - To determine the relations

of these factors to maintenance it was necessary to secure
data conceming their magnitude. This was accomplished by
developing a checklist for each factor. These checklists
consisted of a series of questions appropriate to the
factor being evaluated. These checklists, scored with
reference to the factor characteristics for a particular
task, provided a measurement of the maintenance condition.
Scoring data for a large group of tasks thus provided
information which, when subsequently analyzed, permitted
the relating of the maintenance factors to maintenance

time.

2.2.2 Time Measurement - Supplementary to the factor
measurement, time data concerning maintenance performance
was obtained. Standard time study techniques were utilized
to develop all task time measurements. " A work sampling
plan was utilized to analyze the total activity of the
maintenance technicians assigned.

2.2.3 Profficiency Measurement - Within the personnel
area, the Electronics Maintenance Profficiency Test (EMPT) ,
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was a specially constructed measurement device designed

to assess technical capability. This test was patterned
after intellegence tests but was developed in an electronic
context.

2.2.4 The formulation of these measurement techniques
completed the first program objectives. After initial
establishment, refinement of the techniques was accomplished
several times during the program.

2.3 Prediction Relations

The time and scoring data collected in the course of the
field program were submitted to a simple correlation.
analysis to identify those factors affecting maintenance
time. Pactors which appeared to relate significantly,
were then submitted to a partial correlation analysis to
remove interactive effects. Table 2.1, "Partial Correlation
Coefficients," presents the results of this analysis.
Here, the entries A, B, °1' and C2 represent the design

TABLE 2.1
PARTIAL CORRELATION COEFFICIENTS
(N = 101)
A B cl (7] -] 4

A - .07034 .02057 .01043 .01407 ~.55804%*
B - +23063*  -,30900%% .29283%%  -,27893%+%
Ccl - .33358** ,00536 -.04668
c2 - .20207* -.16162
8 - -.18906
z -

** 1% Sig. = .260
* 5% 8ig. = .200

factors while 8 is a composite measure of the support
environment. Maintenance time is denoted as Z which is

the log of real down time values. This examination showed
that of physical design features (A) and facilities



requirements (B) were related to maintenance time with
design dictates-skills (C,) and support (§) as possible
contributors. Subsequent®examinations established
factors A, B, and C, to be the best combination for
system design phase“prediction. A mathematical equation
embodying these terms was developed, permitting the for-
mulation of the prediction technique, thus fulfilling the
second program objective.

2.4 TIime Specification:

From the study, the characteristics of maintenance time
were determined, thus leading to a system of time indices.
The suitability of the log-normal distribution as a
descriptive parameter was established. PFigure 2.2,
“Prequency Distribution of Down Time," illustrates a

typical observed log-normal relation. Through the de-
tailed examination of the maintenance process an appropriate
classification method was developed, providing a means for
maintenance time specification. This development fulfills
the third program objective.

2.5 pDesign Criteria

From the data gathered in the study, information useful
for formulating design guidelines was obtained. These
guidelines take several forms. First, within the

design area, an ordered list of features has been
developed which permits decisions to be made concerning
the relative importance of alternate designs. Within the
personnel area, information concerning the average
maintenance man has been formulated to assist the designer
in developing equipment commensurate with available
skills. Checklist data developed for the support area
forms a means of assessing the design-support environment
compatability. Jointly, the criteria provide information
concerning design, personnel, and support which will
assist the designers in developing a system compatable with
the major factors affecting maintainability. These

design criteria fulfilled the fourth program objective.
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2.6 Trade off Techniques

The prediction technique permits the examination of
maintainability design and support features in terms of
maintenance time. Through the use of the availability
relation between reliability and maintainability, it is
possible to investigate the impact of such features at
the system level. Repeated investigation of alternate
configurations, permits optimum selections to be made.
Additionally, cost implications may be included in the
examinations, thus providing optimization among major
system parameters. This technique fulfills the final
objective of the study.

2.7 Summary

The preceding discussion has highlighted the results of
the maintainability study. Information concerning their
application is contained in Volume II. Details concerning
their development are contained in Section 3 of this re-
port and previous contract reports.(1.2,3,
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3. PHASE V PROGRAM

3.1 General

The Maintainability Technique Study began June 1959 after
the award of contract AF30(602)-2057 to the RCA Service
Company. The preliminary plan, outlined in the RCA
Proposal (30 DEP-29) to the Rome Air Development Center
(RADC), was designed as a five phase effort responsive to
the desired RADC objectives. These five phases are listed
as follows:

1 Design of the Research Plan
II Field Data Collection and Laboratory Programs

IITI Reduction and Analysis of Data to Maintainability
Indices

IV  Developmernit of Prediction Technique
v Trial Application and Validation

Most of the ground rules and major decisions relative to
basic approaches were initiated in the first and secohd
phases of the program. The results of the first four
phases of this piggiag 2?ve been documented in previously
issued reports. 14130 The £ifth and final phase of
this program is described in the following paragraphs.

3.2 Phase V Objectives
The final phase of this program had three major objectives:

a. Validation of the maintainability prediction
technique

b. Validation of the Electronic Maintenance Proficiency
Test (EMPT)

c. Refinement of other techniques developed during
the program

11
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The validation of the prediction technique was to be
accomplished by comparing predictions made on equipment,
not previously evaluated, with data obtained from field
speration. The validity of the EMPT was to be established
~arough the comparison of scores achieved a selected
group of civilian technicians with the total time required
for each technician to perform a group of representative
maintenance tasks. Other techniques were refined through
further analysis of the data cbtained during the first
four phases of the program and through evaluation of other
work accomplished in the field of maintainability.

3.3 aintainability Prediction Technigue

The prediction technique chosen was based on linear re-
gression. The linear regression process involves finding
a relation between several independent variables and one
dependent variable. In this case time was the dependent
variable and the checklists were the independent variables.
The process of development of this approach is described
in the paragraphs below.

" 3.3.1 packdaround ~ The four months following the award of

the contract were devoted to the development of a detailed
research plan. This effort involved the development of a
technical approach, generation of data collection devices,
selection of field and laboratory equipments, selection of
sites, selection and training of observer personnel, and
the establishment of a program schedule.

3.3.1.1 Following the planning stage, a field study program
was instituted to gather data on the maintenance process.
These data were gathered on the AN/GKA~S data link, the
AN/PST-2 data processor, and the AN/FP§-20 search radar at
eight Air FPorce sites in the continental United States.
Through the field program, corrective, preventive, and
modification tasks were monitored, timed and scored. In-
formation relative to environmental conditions, equipment
background, cperating conditions, personnel characteristics,
and the support situation was gathered at each site prior

to the look into the maintenance activity and task per-
formances. After careful screening of all data submittead
by the field observers, a total of 101 corrective maintenance
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tasks and 42 preventive maintenance tasks were found suit-
able for use.

3.3.1.2 The next step in the development of the prediction
technique was to determine the distributions of the para-
meters and the relations between them. The distribution

of down time was found to be log-normal, while esach design
checklist and the total of the support checklists were
normally distributed. A correlation analysis performed
between down time corrective maintenance actions only and
three of the design checklists established the checklists
as the best predictors of down time. This analysis is des-
cribed in detail in the phase IV 2’?3"" report, "Main-
tainability Prediction Technique.

3.3.1.3 The final step was to develop a prediction equation
and evolve a process for applying it. A regression analysis
was performed between the selected design checklists and
active corrective maintenance down time. This analysis
resulted in the following prediction equation:

Log M_, = 3.54651 -~ 0.02512 A - 0.03055 B - 0.01093 C (3.1)

Where:
Log th = Logarithm of corrective active down time

A = Physical design factors score
B = Design dictates - Facilities score
C = Design dictates - Maintenance skills score

A procedure was then developed to apply this equation in the
evaluation of an equipment during its design cycle. This
procedure is described in detail in Section 5, Volume II,

of this report.

3.3.2 Trial Prediction - The first step in the validation
of the maintainability prediction technique was to perform
an analysis of two equipments not previously evaluated,
using data normally available during the design phase. The
AN/FPS-6 height-finder radar and the AN/GRT-3/GRR-7



communications equipments were selected as the vehicles for
performing the validation. The following paragraphs deacribe
in detail the application of the prediction technique to
each of these equipments.

3.3.2.1 AN/FPS-6 Radar - The equipment is an air-trans-
portable, high-power, long-range fixed-station, height finder
for use in association with a search radar of comparable
range capability. The equipment is installed with its an-
tenna and radio frequency units mounted on a tower, and its
control and indicating units installed in the operctions
building of the associated search radar. The equipuent has
an average complexity of 3150 parts and maintenance is
performed on the part basis. Power requirements are 50
kilowatts of 120/208volts, 3 phase at 60 cycles. e equip-
ment can operate in temperate, arctic, and tropical climntol.

3.3.2.1.1 /:xngg_gj_g;gﬂig;igng_- Two predictions were made
for the AN/FPS-6 equipment corresponding to the following
equipment development periods:

a. Ninety days after award of contract or at completion
of the paper design of the contract article.

b. Sixty days prior to delivery of the contract
article.

The prediction made at the stage (a) constitutes a preliminary
estimate based on limited knowledge of circuit configuration
and with general guidelines for the packaging concepts.

Stage (b) was a prediction which makes use of the full design
information. All information used for the maintainability
prediction of this equipment was obtained from the applicable
Air Porce Technical Orders.

3.3.2.1.2 preliminary Prediction, AN/FPS8-6 - The following
detailed information was used to accomplish the preliminary
prediction:

a. FPunctional block diagram

bh. Estimated part complexity for each functional block
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c. General theory of operation
d. . Exterior views of all major assemblies

e. Description of general construction techniques to
be used

f. Description of displays and controls to be provided

g. Assumption that a test point is available at the
output of each functional block, and

h. List of tools and test equipment available.

3.3.2.1.3 After familiarization with the information
supplied, the first step was to predict the failure rate of
each functional block. This was accomplished by multiplying
the part class complexities by average failure rates obtained
from field data for radar equipment. A sample size of 20

was selected on the basis of 90% confidence and 40% accuracy
and this sample was distributed among the functional blocks
in accordance with their percentage contribution to the
equipment failure rate. Table 3.1, "AN/FPS-6 Functional
Block Failure Distribution," shows the sample selection.

Part types for failures were randomly assigned to the
selected sample in accordance with the following distribution:
15 electron tubes, 2 resistors, 1 capacitor, 1 N-type diode,
and 1 relay. (Past reliability history of similar equipments
indicates this to be a typical breakdown of 20 consecutive
failures.) For each part a typical failure mode for the
particular part type and circuit function was assumed and
the symptoms of the failure were determined. A maintenance
analysis was performed for each assumed failure and from this
analysis and the technical information supplied, the design
checklists were scored. In cases where there was in-
sufficient information to score a particular checklist item,
the item was given the average score for the items in the
checklist that could be scored for that particular task.

The last step was to predict the down time for each task by
inserting the checklist scores in the prediction equation.
The data derived from this prediction are shown in Table 3.2,
"AN/FPS~-6 Preliminary Prediction."
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Circuit

Task Function

TABLE 3.2
AN/PPS-G
PRELIMINARY PREDICTION
Part
Iype A -]
Res. 28 23
Tube 42 26
Relay 36 24
Tube 44 26
Tube 42 25
Tube 43 25
Tube 45 25
Tube 42 23
Tude 45 25
Tube 44 21
Tube 42 26
Res. 40 25
Tube 44 25
Tube 44 25
Tube 40 23
Tube 38 26
Tube 46 26
Diode 40 24
Cap. 34 25
Tube 44 26
): o]
494.0 351.0
12,236.0 6,455.0
34.20 294.95
1.80 15.52
1.34 3.94
24.70 17.55

1 Mod.Trigger Amp.
2 Modulator Control
3 Power Supply
4 Mixer-Amplifier
5 Power BSupply
6 Range Mk. Gen.
7 IF Amp. & Detect.
8 IF Amp. & Detect.
9 Interfer.Blanker
10 Az. Servo Amp.
11 Horiz.Sweep Gen.
12 Sweep Gate Gen.
13 Vert. Sweep Gen.
14 Ht. Mk. Gen.
15 vVideo Amplifier
16 Power SBupply
17 Power Supply
18 Power Supply
19 Remote Ht.Displ.
20 Remote Ht.Displ.
QOperation A
8 823.0
88 34,231.0
82/20 33,866.45
88D 364.55
2
g 19.19
a 4.38
8 41.15
c 0.11

0.054

0.22

<

19
27
16
17
16
20
18

18

17
20
18
11
14
14
14
17
24
18
11
22

log M I
1.93283
1.40206
1.73411

1.46112°

1.55284
1.48400
1.45562
1.59208
1.46655
1.58108
1.50043
1.65773
1.52446
1.52446
1.68604
l1.61184
1.33437
1.61177
1.80845
1.40647

Log M.!
31.32831

EEBEBSEBIRG b

WLV ODOLLOAMAULWL
L J

. k
VWOAOUVBRUMNEHWHOOBNONDNDS

NO&N&SUU&UU”&NQUNUNQ

LN el R
L

kf!

781.2

49.47638 34,882.80

49.07315 30,513.67
0.40323 4,369.13

0.02122
0.14568
1.56642
0.093

229.95
15.16
39.06

.39

2.34963) 223.7



 c—

19

3.3.2.1.4 From the data derived in the above prediction
maintainability indices were calculated. The mean down time
was calculated by dividing the total down time (781.2 minutes)
by the sample size (20) to obtain 39.1 minutes. The

maximum down time (Mm ) was calculated using the following
equation:

Where:
log M = mean of the log down times

ct

Using the data from Table 3.2 a value of 223.7 minutes was
computed.

3.3.2.1.5 Full Desian Prediction, AN/FPS-6 - The full design
prediction was accomplished by using the complete information
available from the equipment technical orders. The first
step was to make a part count from the Illustrated Parts
Breakdown (T.O. 31P3-2FP86-4) to determine equipment com-
plexity by part class. From this the total failure rate

for each part class was determined, using average rates from
reliability field data. A sample size of 50 was selected

on the basis of 90% confidence and 25% accuracy. The per-
cent contribution of part class failure rates to equipment
failure rate was used to determine the distribution of part
types in the sample of 50. Table 3.3,"AN/FPS-6 Failure
Distribution," shows the failure rate computation and the
sample selected. The next step was to select, randomly,

the sample parts from the total equipment population.

This was accomplished with the aid of a table of random
numbers. After the sample was selected a typical failure
mode was assumed for each part and the symptoms of equip-
ment failure determined. A maintenance analysis was per-
formed for each sample part and the design checklists scored,
using the maintenance analysis and the information available
from the technical orders. The final step was to insert the
checklist scores in the prediction equation for each task
and compute the expected down time. The data derived from
this prediction are shown in Table 3.4, "AN/FPS-6 Main-
tainability Prediction."
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Iask

VONOTNHLEWN -

Major
Unit

OA-270
OA-270
OA-270
OA~270
OA~270
OA-270
OA-270
OA-270
OA-~-270
OA-270
OA-270
OA~270
OA-270
OA-270
OA-270
OA-270
OA-270
OA-270
OA-~320
OA-320
OA-320
OA-320
OA-320
OA-320
OA-320
OA-320
OA-320
OA-320
OA-357
OA-357
OA-357
OA-357
OA-357
OA-357
0A-357
OA-357

’

Asgs vy,

Ip-188
PP-795
PP~795
PP-795
PP~795
PP-795
PP-795
PP-828
IP-188
IP-188
IP-188
Ip-188
Ip-188
IP-188
Ip-188
IpP-188
IpP-188
Ip-188
T8-735
TS-735
MX-1316
MX-1316
MX-1316
AM-646
AM-646
AM-622
AM-622
MX-1359
PP-755
PP-755
PP-755
PP-755
0-166
0-166
cv-218
cv-218

TABLE 3.4

AN/FPS-6
MAINTAINABILITY PREDICTION

Part

V-4008
V=-4102
V-4104
V-4106
V-4110
V-4111
R-4110
CR-4151
V-4306
V-4402
V-4403
V-4407
V-4604
V-4701
V-4703
V-4802
V-4805
V-4903
V-5210
v-5213
v-5503
V-5504
V-5506
vV-6003
V-6006
v-21705

v-21714

T-5601
V-1104
K-1101
V-1110
v-11l1l2
v-21303
R-21304
Vv-21505
v-21506

Checklist
Score
A B <
38 25 21
36 25 19
40 25 18
36 23 13
46 26 16
46 26 21
32 23 11
25 23 11
41 23 7
43 23 16
41 23 11
41 23 16
41 25 19
41 23 14
41 23 13
48 26 23
42 23 17
43 25 18
37 21 12
37 21 16
41 23 18
41 23 16
39 23 20
32 19 11
30 23 17
41 21 18
36 25 18
30 17 11
39 25 21
40 24 23
37 26 16
39 25 22
31 19 9
26 18 8
37 23 16
37 23 18

Log M !
1.59867
1.67077
1.58122
1.79745
1.42181
1.36717
1.91979
2.09563
1,73743
1.58882
1.69371
1.63906
1.54517
1.66092
1.67185
1.29506
1.60301
1.50536
1.84436
1.80064
1.61720
1.63906
1.64558
2.04199
1.90445
1.67830
1.68170
2,15333
1.57355
1.55712
1.64789
1.56262
2.08897
2.25605
1,73954
1.71768

21
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TABLE 3.4 (CONT.)

Major

Task Unit  Ass’'y, Paxt A B
CR-21501 35 24

37 OA-357 cv-218
38 OA-329 AM-654
39 O0A-329 CN-187
40 OA-329 CN-187
41 OA-329 CY-1138
42 PP-783 PP-793
43 C-1048 C-1048
44 CN-93 CN-93
45 J-470 J-470
46 PU-292 PU-293
47 ID-331 1D-331
48 ID-331 1D-331
49 1D-331 1D-331
50 C-1049 C-1049

V-2004 30 15
CR-2101 36 19
CR-2102 18 12

8-2204 41 25

v-10402 39 23

B-3901 34 23

J-10303 28 23

K-9710 38 26

z-3507 28 23
v-3701 43 23
v-3703 44 23
v-3704 42 23
v-3802 52 26

Operatjon A B [o]
8 1,879.0 1,140.0  817.0
88 72,454.0 26,388.0 14,595.0
s2/50  70.612.82 25,992.0 13,349.78
88D 1,932.18  396.0 1,254.22
2
d 39.43 8.08°  25.41
g 6.28 2.84 5.04
8 37.58 22.80  16.34
0.17

Mnai :

0.12 0.31

C es My Mg
18 1.73737 54.6
7 2.25815 181.2
11 1,94151 87.4
7 2.65124 448.0
25 1.47959 30.2
13 1.72209 52.7
23 1.73839 54.8
16 1.96562 92.4
24 1.53533 34.3
16 1,96562 92.4
18 1.54184 34.8
17 1.60301 40.1
31 1.10714 12.8
g Mor Kt
86.36821 3,363.0
152,66015 441,659.16
149.18935 226,195.38
3.47080 215,463.78
0.07083 4,397.22
0.26614 66.31
1.72736 67.26
0.15 0.99

2.59104——) 390.0
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3.3.2.1.6 The data from the full design prediction was used
to compute the mean down time and the maximum down time.

The mean down time is equal to the total down time divided
by 50 (sample size) or 67.3 minutes. The maximum down time,
computed by the use of equation (3.2), was found to be

390.0 minutes.

3.3.2.2 WW - The
AN/GRR-7 is a single channel groun receiver which covers

the frequency range from 225 to 399.9 mc. It can be used

for reception of either voice or tone amplitude modulated
signals. The equipment has an average complexity of 325

parts and maintenance is performed at the part level. Power
requirements are 140 watts of 115 or 230 volts single phase

at 50 to 60 cycles. The equipment will operate satisfactorily
at temperatures ranging from -20°F, to +131°F,

3.3.2.2.1 The AN/GRT-3 is a single channel ground UHF
transmitter, which covers the frequency range from 225 to
399.9 mc. When used in conjunction with receiver AM/GRR-7
the equipment is capable of establishing two way radio
communication with aricraft or other ground communication
radio sets. The equipment has an average complexity of

315 parts and maintenance is performed at the part level..
Power requirements are 1250 watts of 115 or 230 volts at 50
to 60 cycleas., It will operate satisfactorily at temperatures
ranging from -20PF. to +131°F,

3.3.2.2.2 Full Design Prediction - AN/GRT-3/GRR-7 - Only

a full design prediction was made for the communications
equipment. The information on which the prediction is
based was obtained from the Air Force technical orders
published for this equipment. The steps taken in making the
prediction are the same as those for the AN/FPS-6 full design
prediction. The results of apportioning the sample to the
part classes are shown in Table 3.5, "AN/GRR-7/GRT-3 Failure
Distribution.” It should be noted that with this equipment
the electron tube class was divided into receiving and
transmitting types because of the difference in their
failure rates. The data derived from the prediction are
shown in Table 3.6, "AN/GRR-7/GRT-3 Maintainability Pre-
diction."
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Iask Unit
1 T-282
2 MD-141
3  MD-141
4 MD-141
5 MD=141
6 MD-141
7 MD-141
8 MD-141
9 MD-141

10 MD-141
11  MD-141
12 7-282
13 T-282
14 72062
15 T-282
16 T-282
17 T-282
18 T-282
19 T-282
20 T-282
21 T-282
22 7-282
23 T-282
24 T-282
25 7-282
26 7-282
27 T-282
28 T-282
29 MD-141
30 MD-141
31 MD-141
32 MD-141
33 MD-141
34 R-361
35 R-361
36 R-361

R-361

TABLE 3.6

AN/GRR-7/GRT-3
Maintainability Prediction

A

18
44
24
40
40
40
40
40
40
40
42
26
36
36
36
36
36
38
42
42
42
42
42
40
48
48
48
48
40
40
38
38
48
28
32
34
54

c

17
20
16
20
20
20
20
20
20
20
20
16
al
al
21
21
21
21
a1
21
21
2l
2l
21
21
21
21
21
20
20
20
20
21
16
15
19
28

Log M l
2.23644
1.42833
2.09665
1.65101
1.65101
1.65101
1.65101
1.65101
1.65101
1.65101
1.47857
2.04641
1.58726
1.55726
1.,55726
1.55726
1.55726
1.50702
1.46764
1.46764
1.46764
1.46764
1.46764
1.51788
1.25582
1.25582
1.25582
1,25582
1.52881
1.52881
1.51795
1.51795
1.37802
2.02672
1.93717
1.78211
1.02859

25

Mot
172.4
26.8
124.9
44.8
44.8
44.8
44.8
“.8
44.8
44.8
30.1
111.
36.8
36.8
36.8
36.8
36.8
32.1
29.‘
29.4
29.4
29.4
29.‘
33.0
18.0
18.0
18.0
18.0
33.8
33.8
33.0
33.0
23.9
106.4
86.5
60.6
10.7
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Task Unit

38 R-361

39 R-361

40  R-361

41  R-361

42  R-361

43 R-361

44  R-361

45  R-361

46  R-361

47  R-361

48  R-361

49  R-361

Qperation A
8 1,863.0
8s 73,513.0
82/49 70,832.02
88D 2.680.98
g2 55.85
4 7.47
g 38.02

0.20

;max -

TABLE 3.6 (CONT.)

Part A B c
v3o4 39 25 26
V306 44 28 25
V3io 34 21 18
v3ll a8 26 18
V401 26 21 16
V402 26 21 16
V404 26 21 16
V501 35 21 17
V502 35 21 17
V503 53 26 26
V504 35 21 17
V505 36 21 18
B <

1,206.0 974.0
30,068.0 19,708.0

29,682.37 19,360.73

385.63 347.27

8.03 7.23

2.83 2.69

24.61 19.88

0.11 0.14

M
Log ! M I
1.51890 33.0
1.31238 20.5
1.85414 71.5
1.85211 71.1
2.07696 119.4
2.07696 119.4
2.07696 119.4
1.8399% 69.2
1.83995 69.2
1.13667 13.7
1.83995 69.2
1.80390 63.7
log M_, M,
79.49131 2,508.2
132.48869 188,572.64
128.95649 128,389.13
3.53220 60,183.51
0.07358 1,253.82
0.27126 35.41
1.62227 51.19
.17 .69
2.43341—>  271.3
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3.3.2.2.3 Maintainability indices were calculated for the
communications equipment from the total of the predicted
down times. The mean down time value was 51.2 minutes while
the maximum down time value was 271.3 minutes.

3.3.3 [Field study - Simultaneous with the predictions of
maintainability a program was instituted to cbserve the actual
maintenance performed on the selected equipments at field
locations. Observers were trained to monitor maintenance
actions, and to gather associated information. Upon
completion of their training they were assigned to Air Force
sites at Benton AFS, Pennsylvania and Lockport AFs, Mew York.
At these locations the observers recorded down times for
actual maintenarnice tasks and developed checklist scores for
each of these tasks. In addition they gathered data con-
cerning the personnel and support parameters.

3.3.3.1 pata Yield - A total of 43 and 23 corrective main-
tenance tasks were recorded for the AN/GRR-7/GRT-3 and the
AN/FPB-6 equipments respectively. Through screening to
remove ambiguous data, these totals were reduced to 40 and
22 respectively. At the start of the collection period two
operational AN/FPS-6 equipments were located at each site.
Midway in the collection program, one AN/FPS-~6 at each site
was removed and replaced with the AN/FPS-26. Additionally,
at the Lockport site difficulty with the primary power
circuits curtailed operation for an extended period. These
occurrances reduced considerably the potential data yield.
Data secured for the AN/GRR~7/GRT-3 generally approached the
desired level. Although the overall data yield for the
equipments was lower than expected, the sample sizes were
considered sufficient to make significant comparisons with
the previously predicted values.

3.3.4 Validation Analysis ~ A detailed analysis of the field
data was made and comparisons with the predicted values
accomplished. The specific points of comparison were the
mean and Mmax. Prediction equations for the individual
equipments were obtained and the results compared to those
obtained by the original prediction equation (3.1).

3.3.4.1 Data - Table I-1, "Field Data," (Appendix I) pre-
sents the basic data derived from the experiment both for
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corrective and preventive maintenance. Table 1I-2, "Field
Data - Phase 5 Maintainability Study," (Appendix I) pre-
sents the data utilized for purposes of this analysis.
Logarithm of the maintenance time were taken and checklists
A, B, and C for corrective maintenance only were used.
(FPor convenience in handling the data, each of the check-
lists was divided by 100.) Table I-3, "Sum of Squares,
Products, etc.," (Appendix I) sets up the data into a form
suitable for regression analysis and calculation of simple
correlation coefficients. (See Volume 2, Appendix 1I,
"Mathematical Formulas."”) The means, variances, standard
deviations, and coefficient of variation also were.
calculated as part of Table 1-3,

3.3.4.2 IIISI.IQI.HQ{N&II&! - Each of the checklists A, B,
C, and 2 (Z = log Mct) was tested for goodness of fit to

the normal distribution, by the Kolmogarov-Smirnov (d)

test, at the 5% level. (See Volume 2, Appendix II.)

The null hypothosis was: “There is no difference between

the distribution of the real data and the normal distribution
formed by estimating the mean and the variance of the data.”

The test values (d) are contained in the following table:

Eguipment N Test Values (d)
AN/PPS-6 22 0.2819
AN/GRT-3/GRR-7 40 0.2101
Total 62 0.1698

The null hypothesis was upheld in each case tested.

3.3.4.3 Sample Validity - It was necessary before pro-
ceeding with the analysis to establish whether or not the
new time data were estimates of the same population as the
orginal data used in phase four of the study. The table
below presents the data utilized in this comparison:

2
ata N Z Oz Oz

Original 101 1.64051 0.21632 0.46510
Total New 62 1.70446 0.17512 0.41847
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8ince both sets of data were log normally distributed it
was decided to apply parametric tests; i.e., the JF test
for similarity of variances and the t test for difference
of means.
2 2
r=01/02 ag = (M -1), (9,-1) (3.3)
% %
o] 1/'1'75 + 1/N
P 1 2
Where:
2 2
(N,-1) 0, + (§,-1)C.
P Nl + Nz - 2

The F test yielded a value 1.24 and the { test a value
~-0.885 both of which were insignificant at the 5% level.
So the statement could be made that the two sets of data
were estimates of the same population.

3.3.4.3 New Data Predjcted by Nomograph - A check on the
reliability of the on-site monitors was provided by pre-
dicting the down time from the checklists. Figure 3.1,
"New Data Predicted by Nomograph," presents the results of
this check. The diagonal lines represent plus or minus

two standard errors. It can be seen that all of the points
lie inside these two standards.

3.3.4.3.1 Multiple Correlation Coefficients - A further
check is provided by inspection of the multiple correlation
coefficients. Let the log values determined with the aid
of the nomograph be represented Z' and the actual log values
be Z; then the multiple correlation coefficients are as
follows:

; 3 = =
Radar r,, 0.941 (N 22)
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Comm. Eq. rzz' = 0.941 (N = 40)

Total rzz' = 0,937 (N = 62)

The null hypothesis was: "That the two samples are not
correlated." It can be readily seen that the null hypothesis
is disproved and that, in fact, Z and 2' are highly
correlated.

3.3.4.4 prediction vs, Data
The predicted arithmetic mean:

Bpp =2 Mo y/N (3.6)
i=]
and the predicted maximum downtime:
log Mmax-p = 1.5 log M., (3.7)

were compared to the actual data for the arithmetic mean:

N
M.t-qa -iEI Mot-ifN (3.8)
and Mmax (95th percentile):
log M ox-a ™ log M, * 1.65 dlog Mct (3.9)

The paragraphs following make these comparisons,

3.3.4.5 Means -~ The null hypothesis was: "There is no
difference between the means of the two samples." The
significance level selected was 5% (two tail test.)

The statistic chosen was equation (3.4) above. Table 3.7,
"Comparison of Means," sums all the pertinent data leading
to a value of t, the chosen statistic, and indicates



whether or not £ was significant.

3.3.4.5.1 mulm_fxs.m.um-%cmmoftm
full design prediction was verified by the actual data mean.

The actual tabled value of £t was 2.00. This value would
mean that a difference in means of 34.32 minutes would just
be significant; and tha actual difference is 26.77 minutes
(£t = 1.56.) The actual difference 26.77 minutes is 28.4%
of the observed value of 94.03 minutes and very close to
the accuracy figure of 25% that was allumrd when this pre-
diction was begun (N = 50, cx = 1.07

3.3.4.5.2 AN/FPS-6, Preliminary Design Prediction - Table
3.7 reveals that the preliminary design prediction was not
verified by the actual data. Normally with a sample of 20
an accuracy of 40% could be expected but the prediction
was off by approximately 60% from the actual data. The

£ value was 3.49 as opposed to a tabulated value of 2.02.
There were two major causes for the discrepancy:

a. The predictor in his preliminary prediction has to
to assume either of two conditions,

(1) The maintainability will be controlled (See
Section 3, Volume II.)

(2) That maintainability is not controlled.

Having made his choice the predictor, guided by
his assumption, evaluates the design checklists.
The predictor in this case assumed condition (1)
on a piece of equipment, the AN/FPS-6, that was
not subject to maintainability control; but could
not assume otherwise and still maintain his
objectivity.

b. It has been found that a sample size of 20 is
not large enough. The sample size should be 30 or
greater.

3.304.5.3 mpa on 'I'W -1 -
The means of the two predictions were compared with the
results shown in Table 3.7. This question became of
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interest when the results showed that the preliminary pre-
diction did not match the actual data while the full design
prediction did. The tabled % value is 2.00 versus a
calculated £ value 1.87. The value of the difference
would be 30.08 minutes for 5% significance while the actual
difference is 28.20 minutes. The probable significant
difference of means reflects the fact that one person per-
formed the preliminary prediction and another the full
prediction. The one performing the preliminary prediction
had to assume condition (1), above, concerning the various
maintenance problems, for lack of specific information to
the contrary. The other was aware of the true maintenance
situation and could assume condition (2).

3.3.4.5.4 pAN/GRT-3/GRR-7 - Full Design Prediction - The
mean of the full design prediction was verified by the
actual data mean. The tabled value of t was 1.99, this
value corresponding to a difference in means of 19.78
minutes. The actual difference was 12.12 minutes which was
19.1% of the actual data and well within the accuracy
figure of 25%,

3.3.4.6 Maximum Down Time =~ The null hypothesis used
was: "There was no difference between the predicted

maximum down time (Mpax) and tha actual Mpmax obtained
from the data." (Mmax i8 defined for each case in para-
graph 3.3.4.4.) The statistic chosen was the standard
error of the 95th percentile. Thy basic formula for this
standard error is as follows:

S.E. 2,11

(o}
-_\T—N—— (3.10)

it follows that the standard error of the difference of the
log values of Mmax is given by the following:

(.95)

2 2
o]
S.E. = 2.11 -{fi- + —§=2— (3.11)
1 2

The test criteria were: if the difference exceeded 2 S.E.
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it was probably significant and if it exceeded 3 S.E. it
was definitely significant. Table 3.8, "Comparison of Log
MQ ,* sums all the pertinent data leading to values of the
sP8fdard error and indicates none of the values were signi-
ficant. Three comments about the test follow:

a. The approximation sign is used in equation (3.10)
above because the formula for standard error
assumes a large sample. It is estimated that
the maximum error in making this assumption for
a small sample (20 = N = 100) is 5%.

b, It is necessary to use the log normal distribution
in making the test because the test assumes
normality.

c. The test is essentially cne sided. That is, it is
of no concern if the predicted Mpayx is greater
than the actual data My, €.9. Aﬁ?GRT-3/GRR-7.
The problem lies in the actual data Mpyayx beind
greater than the predicted value; e.g. AN/FPS-6.

3.3.4.7 Distribution of Down Time - Figure 3.2, "Distri-
bution of Down Time - AN/FPS-6," and Figure 3.3, "Distri-
bution of Down Time - AN/GRT-3/GRR-7," shows the predicted
values of down time versus those actually observed. A
relatively powerful non-parametric statistical test,
"Mann-Whitney, U Test," confirms, in each of the cases,
that the predicted and the observed are drawn from the same
population. (The preliminary design prediction on the
AN/FPS-6 has not been shown because it was demonstrated
that it was invalid in preceding sections.) It has been
shown that for Nj greater than 20 [N; (Observed), N2
(Predicted) ] the sampling distribution of the test statistic
U is that of normal distribution with:

X= (N Ny)/2 (3.12)

and ( 1)
N, N N, + N, -
g1 2-1 2 (3.13)
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with the test statistic observed in Z values as followss(ll)

Z = 3.14

The cases cited above Z equals -1.70 for the AN/FPS-6

and Z equals -0.29 for the AN/GRT-3/GRR-7; inside the 5%
tabled valus of + 1.96. The computation of U involves
ranking of both sets of data intermingled, adding the ranks
of the smaller of the two Qiogol of data and obtaining a
value which is called R 1) then applying the formula

10
as follows:
N, (N_ + 1)
U= Nl Nz + —l-—-li———- - Rl (3.15)

For a further explanation of the Mann-Whitney Test see
Appendix II, Volume II.

3.3.4.8 Internpal Consistency - Internal consistency means
how the checklist scores compare with the time data (log
transform) wher. a regression equation is formed for each

of the new equipments. The data used for forming the equa-
tion were the 22 tasks on the AN/FPS-6 and the 40 tasks

on the AN/GRR-7/GRT-3. The purpose in doing this is to
check internally the relative magnitude of the constants
and multipliers of the new equations compared to that of
the equation on which the prediction was based (Equation 3.1).

3.3.4.8.1 AN/FPS-6 -~ The simple correlation coefficients
were as listed below:

: :1 < Z
A 1 0.663 0.790 -0.925
B N = 22 1 0.549 -0.692
df = 20
c 5% = 0.423 1 -0.858
z 1
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All of the coefficients were significant to the 5% lcvol.(g)

3.3.4.8.2 When the correlation coefficients were analyzed
by partial correlation techniques the results were as
shown below: (For a summary of the technique used see
Appendix 2, Volume 2, this report.)

a 2 (] 4
A - 0.076 -0.007  -0.722
B N =22 - -0.125  -0.303
ar = 18
c 5% = 0.444 - -0.553
Z ' -

Two of these coefficients were significant to the 5% level.
These were AZ and CZ. Checklist A - Design Factors, was
again independent of the other two checklists B and c. (4)
Likewise B and C were independent of each other. Even
though B was not significantly correlated with log time

it was decided, in the interests of uniformity, to develop
a regression equation using all three checklists (A, B, and
C) and log time (Z).

3.3.4.8.3 The regression equation developed was:

= log M

ct-R © 3.;8691 - 0.02320 A - 0.01349 B

2y
- 0.02120 C (3.16)
with a multiple correlation coefficient of:

0.953

and a standard error of:
0.17208 log minutes

The regression coefficients of A and C were tested, by the
£ test, at the 5% level and were significant; that of B was
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significant at the 10% level. Figure 3.4, "Radar Data -
Observed vs. Predicted," shows the individual task time.
The outer pair of diagonal lines represents two standard
errors from the old data used to develop the nomograph.
The inner pair represents two standard errors which bound
only the new equation.

3.3.4.8.4 AN/GRR-7/GRT-3 - Using the same analysis pro-
cedure as in paragraph 3.,3.4.8.1, the simple correlation
coefficients were as listed below:

A B [o4 .
A 1 0.382 0.616 -.812
‘B N =40 1 0.564 -.703
. df = 38 |
C 5% = 0.312 1 -.850
¥4 1

All of the coefficients again were significant at the 5%
level.

3.3.4.8.5 Partial correlation techniques yielded the
following results:

A B [+ 4
A - -0.533 -0.372 -0.809
df = 36
€ 5% = 0.320 - ~0.724
2 ' -

The intercorrelations are suych that a procedure similar to
Section 2.3.2, "Comparison of Deviations," in the Phase 4
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report, had to be adopted; i.e. by testing the comparative
predictive power for various combinations of A, B, and C.
The combination A, B, and C had least residue (0.07013),
was the best predictor and, more importantly, was signifi-
cantly better than any other combination or single variaonle
when used as a predictor.

3.3.4.8.6 The regression equation developed was:

Z,=log M, .= 3.44326 - 0.02142 A - 0.02335 B (3.17)
- 0.02170 C

with a multiple correlation coefficient of:
0.964

and standard error of:
0.09580 log minutes

The regression coefficients of A, B, and C were tested, by
the t test, at the 5% level and were significant. Figure

3.5, "Communications Equipment Data - Observed vs. Predicted,"
shows the individual task times. The outer pair of diagonal
lines represents the two standard errors inherent in using
the nomograph. The inner pair represents the two standards
errors in using the new equation.

3.3.5 Summary - The full design predictions made were
successful in that they correlated with the data gathered
from the field. Comparison of the means, Mpax. and the dis-
tributions as a whole were uniformly successful in each

case when comparison was made bhetween the predicted data
and the data collected in the field. The equations developed
for each equipment from the field data, compared quite well
with equation (3.1) on which the predictions were based.

The preliminary prediction on the AN/FPS-6 failed to corre-
late with the field data. Possible reasons are cited in
paragraph 3.3.4.5.2.
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3.4 Electronic Maintenance Proficiency Test

The prime objective of this program is to demonstrate a
predictable relation hetween the Electronic Maintenance
Proficiency Test (EMPT), developed under Contract AFr30(602)-
2057, and maintenance (repair) time. Additionally, the pro-
gram seeks to establish the existence of maintenance skills
and identify them. Through the identification of main-
tenance skills and the ability to relate such skills to the
time criteria, it would be possible to equate the maintenance
performance of different technician classes. S8Specifically,
the ability to relate the performance of a contractor tech-
nician to that of an Air Force technician would be most
valuable during maintainability specification demonstration.

3.4.1 Background - Development of the EMPT stemmed from

an attempt to quantify the human element in the maintenance
process. The test is comprised of ten subgroups designed
to evaluate a maintenance technician’'s mental and motor
skills. In general, the emphasis in the EMPT is on under-
standing, rather than on rote memory of facts. Although
some of the subtests require the recalling of facts, they
do not form a major part of the EMPT, where used, they are
considered as an attempt to include items that should be
generally known to an experienced technician.

3.4.1.1 Test Construction - Test construction followed the
general format of the well known Wechsler Adult Intelli-
gence Scale. Construction steps included:

a. Item construction
b. Item review

¢. Editing

d. Preliminary tryout
e. Pretesting

f. Test analysis
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g. Item analysis

h. Item selection

i. Item ordering

j. Final revision

k. Test scoring reliability

Completion of these steps led to qualification trial per-~
formed at Keesler Aixr Training Command. The trial employed
students and instructor personnel drawn from the training
center. Criterion for the validation was time to repair
six selected maintenance tasks from the AN/FST-2, Data
Coordinate Transmitting Equipment.

3.4.1.1.1 Analysis of data derived from this program re-
vealed that no correlation could be established between
the criterion (repair time) and the observed EMPT scores
(total or subgroups). This difficulty was believed to be
possibly attributable to the following:

a. The varying degree of specific equipment experience
possessed by the test subject resulted in an un-
explainable variance. '

b. Criterior tasks drawn from the AN/PST-2 equipment
did not represent a sufficient range of maintenance
s8kill requirements.

c. Reliability of repair time remains suspect as to
its use as a gualifying criteria.

3.4.1.1.2 In an effort to secure resolution to these
problem areas, the program set forth in the following
discussion was established.
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3.4.2 !glidgsxgn_xggg;%% - The validation program followed
was a two step study. e initial test phase was designed
primarily to assess the reliability of maintenance per-
formance and the resultant time criterion. Here a single
task was administered to a group of forty technicians on a
test - retest basis. Correlation of the test - retest
data provided a basis for the reliability evaluation of
the criterion. The final test phase incorporated into the
test sequence five additional tasks, which provided data
for correlation with the EMPT scores. The second phase
was limited to the twenty-five technicians possessing the
higher test - retest relationships during phase 1. -

3.4,2.1 W - The basic objective of the
initial testing phase was to establish the reliability of
maintenance time and justify its use as 'a criterion for
measurement of technician performance. The reliability if
proven would provide a sound basis on which to proceed

toward the validation of the Electronics Maintenance Pro-
ficiency Test (EMPT) as a predictor of technician performance.
A further objective of the initial phase was to identify

a range of discernable maintenance skills., These skills when
related to specific maintenance tasks will provide a means

of selecting a group of representative tasks. Use of this
task group in the formal validation program will assure that
all important skills are employed. The following discussion
presents the skills and tasks selected and an associated
description of the techniques employed.

3.4.2.2 8kill Selection ~ The identification of maintenance
skills was approached by reviewing the maintenance process.
For the identification procedure a skill was defined as:

a developed or acquired ability to perform a particular

act. With this context in mind the examination of the
maintenance process led to the establishment of the following
general skills: :

a. Testing and measuring - Testing and meaiuring refers
to the mental and physical acts of securing equip-
ment status information through the use of test

equipment.

Example: Observe a waveshape on an oscilloscope
and obtain the maximum and minumum values of the
wave.



b. Verbal - Verbal skill refers to the ability to
carry out oral instructions and includes under-
standing of the jargon and abbreviations used in
electronics.

Example: You are told to measure the MDS8 and
8WR of a system.

c. Written comprehension - This skill refers to the
ability to understand technical orders and
schematics, f£ill out forms, make out reports,
etc.

Example: Tracing the AVC circuit on a schematic
and noting possible sources of trouble.

d. Electrical manipulative - The actions performed
on electrical, electronic, and electro-mechanical
clircuits.

Example: Soldering a resistor to two terminals.

e. Mechanical manipulation - The action performed on
mechanical items.

Example: Dismantling a clutch used in a radar
antenna.

f. Electronic - The ability to apply knowledge of the
electronic functioning and the physical characteris-
tics cf equipments, components, circuits, and parts.

g. Logic - The ability to solve problems logically
with respect to components within equipment,
circuits within component, and parts within circuit.

h. 8Safety - The ability to perform maintenance in
a safe manner,

It was the opinion of the engineers concerned with the

study that the skills listed were present in all maintenance
tasks to varying degrees. To ascertain the degree, on the
basis of engineering judgment, did not appear to be within
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the realm of technical feasibility. Rather, it was felt
that such division could only be made from an analysis
of data developed expressly for this purpose.

3.4.2.2,1 As stated, the eight skills listed appear in all
tasks but it was noted that these skills may differ widely
depending upon the level at which maintenance is performed.
Bpecifically, maintenance performed on electronic devices
may be performed at the system, equipment, component,
circuit, and part levels. A technician in performing a
task may work solely at one level or traverse the total
complement. The ability to perform at one level certainly
does not assure satisfactory performance at the others.

For example, a technician skilled in performing maintenance
at the equipment level (isolating and replacing black boxes)
may be completely incapable, without additional training
and experience, of working effectively at either the sys-
tem or the component level.

3.4.2.2.2 On this basis, it was felt that the general
skills take on unique characteristics at different levels
of application. B8ince these levels are rondilx discernible
it was recommended that tasks be developed reflecting the
various maintenance levels and associated skills.
Specifically, tasks were developed to reflect the general
skills associated with the following levels:

a. Equipment -

b. Component
General 8kills 1 through 8
c. Circuit -

d. Part -

The validation program permits determining analytically if
significant differences exist between the four specific
skill areas. Knowledge of such difference will be of
significant value in guiding the design of future equipments.

3.4.2.3 Tagk Selection - For the validation program the
RCA Electronic Trainer Model 121 was used to form the equip-
ment on which maintenance was performed. This choice was
predicated on the inherent flexibility of this device, which
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is achieved by the use of plug-in assemblies at both the
circuit and part levels.

3.4.2.3.1 Eguipment Selection - The electronic trainer
offered a choice of seven basic equipment types which may
be constructed from the circuits provided. These include:

a. Audio Amplifier

b. 8Superheterodyne Receiver
¢. Radar System

d. Radar Timing Equipment

e. Marker Indicator !quipmon€
£. Range-Notch Equipment

g. Pulsed Radar Equipment

The superheterodyne receiver and marker indicator equip-

ments were chosen for the experimental procedure because

they: (1) represent analog and digital equipment respectively,
(2) are relatively sophisticated in performance and con-
struction, and (3) offered suitable operational stability

for a long term experiment.

3.4.2.3.2 7Task Identification - For the selected equipments
a total of 229 tasks were identified and related to the
basic parts. Table 3.9, "Marker Indicator Tasks (Partial),"
presents a partial listing of the tasks identified. Here,
the tasks are listed with a numerical identification of the
mode of failure at the part, circuit, component and equip-
ment level. Table 3.10, "Failure Mode Identification,"
identifies the failure codes employed. The failure mode
analysis contained on Table 3.9 is used in the task selection
as a guide to secure a range of frequently occurring mal-
function symptoms.

3.4.2.3.3 gelection Plan - In accordance with the pdltulate
that discreet maintenance skills exist for maintenance
performed at the equipment, component, circuit, and part
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MARKER INDICATOR TASKS (Partial)

_Failure Modes
No. Task Part Circuit | Component | Equipment .
1 R5201 1 1 1 1
2 C5201 2 1 1 1
3 V5201 3 1 1 1
4 V5201 4 1 1 1
5 V5201 5 1 1 1
6 R5204 1 1 1 1.
7 C5204 2 1 1 1
8 R5205 1 1 1 1
9 €5205 2 2 3 2
10 C5205 1 1 1 1
11 R6401 1 3 3 3
12 R6402 1 1 1 1
13 V6401 3 4 4 4
14 V6401 4 1 1 1l
15 V6401 5 1 1 1
i C6401 2 5 5 27
17 R6403 1 1 1 1
18 R6404 1 5 5 27
19 R6405 1 1 1 1
20 Cc6402 2 2 2 4
21 C6402 1 1 1 1
22 R7301 1 3 9 5
23 v7301 3 4 4 6
24 V7301 4 1 1 7
25 V7301 5 1 1 7
26 R7302 1 1 1 7
27 c7301 1 3 1 7
28 87301 6 1 1 7
29 C7302 2 5 4 6
30 C7302 1 5 6 27
31 L7301 1 1 1 7
32 Cc7303 2 2 1 7
33 C7303 1 1 1 7
34 R7801 1 1 1 7
35 v7801 3 4 4 6
36 v7801 4 1 1 7
37 v7801 S 1 1 7
38 Cc7801 2 4 4 6
39 R7803 1 1 1 7
40 R7804 1 1 1 7
41 Cc7802 3 2 3 8
42 C7802 1 1 1 7
43 R8301 1 6 6 27
44 veiol 7 4 4 6
45 v8iol 4 1 1 7




TABLE 3.10

FAILURE MODE IDENTIFICATION

Parts Equipment
1. Open 1. Long Sweep and No Marks
2. Shorted : 2. Long Free Running Bweep
3. Low Transconductance & No Marks
4. Open Filament 3. Jittery Display
5. Grid to Cathode 8hort 4. Long Sweep & U{ttory
6. No Contact Marks
7. Low Emission S. Increased Mark Am-
8. Plate to Cathode S8hort litude
9. Air Leak 6. Decreased Mark Am-
10. Grid to Grid short litude
11. Grounded Terminal 7. No Marks
8. Negative & Positive
Circuits & Components Marks
9. Short Swaeep with Two
1. No Output Marks
2. B+ on Output 10. Long Unstable Sweep
3. Incorrect or Wrong Waveshape 1ll. Short Unstable Sweep
4. Weak or Low Output 12. Unstable Sweep
5. Changed Waveshape 13. No Bweep .
6. None 14. Long Invisible Sweep
7. Wrong Frequency & Waveshape 15. Sweep Shifted Right
8. Phase Shifted Output 16. No CRT Diasplay
9. Increased Intensity 17. Display Out of PFocus
10. Wrong Frequency 18. Increased Intensity
11. Weak Distorted Output 19. Sweep Low Left & In-
12. Oscillation tensity
13. Distorted Output 20. Sweep Low
14. Normal Output No AVC 21. Sweep Left
22. Short Swaep & Short
Mark
23. Spot on Scope
24. Long Sweep with Ripples
25. Change in Mark Pos.
26. Weak Unstable Sweep
27. None
28. Reduced or Weak Output
29. No Output
30. Weak Distorted Output
31. No AVC
32. Oscillation
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levels, the selection plan calls for equal samples (tasks)
to be established for each level. Table 3.11, "Task
Selection Format,” illustrates the format to be used. It
will be noted that three tasks are established for each
eguipment and these are comprised of one task at each level.
Task selection is accomplished by determining and selecting
parts, circuits, and components associated with the most
frozuuntly occurring modes of failure for the two equipwments.
Ass gnnnnt of a particular mode to a specific maintenance
level is accomplished by random selection. Task administra-
tion sequence is also determined through the random process.

3.40‘2.3.4 - T.bl‘ 30120 'mk.r In-
dicator Failure Modes," presents the results of analyszing
the failure modes of the Marker Indicator. Here the most
frequently occurring modes have been related to the com-
ponent and circuits of this equipment. The three circled
entries indicate the modes and the associated component
and circuits to be utilized for this equipment. MNote that
there is a tie between modes 10 and 11 and each involves
12 occurrences. An investigation of the reliability rates
of the parts involved indicated that mode 10 would occur
more frequently.

3.4.2.3.5 A similar analysis was made for the receiver
and the results are presented in Table 3.13, "Receiver
Failure Modes," the circled entries indicate the choices
made. A slight departure from the established routine was
made here in assigning mode 29 to the detector circuit of
the 2nd detector component in lieu of the lst detector.
This choice was made since mode 28 so clearly related to
the lst detector component, and the chosen assignment pro-
vided a better task balance within the receiver.

3.4.2.3.6 Random selection process was used to relate

the chosen failure modes to the maintenance levels and the
task seguence. Table 3.14, "Selected Tasks," presents the
results of this selection. In the case of the component
and circuit task the failure mode analysis dictated the
specific area chosen. PFor the part task random selection
was used to designate the actual part indicated.

3.4.2.3.7 Table 3.15, "Task Introduction Method," identifies
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the specific part manipulation methods necessary to achieve
the failure modes associated with the component and circuit
tasks. Additionally, it identifies the failure mode for
the two part tasks. All selected tasks were rationally
verified to assure that the stated mode of failure would
produce the desired result.

3.4.3 1Initipl Test Phase - The electronic technicians used
for the experimental procedure were drawn from the engineering
support staff of the RCA plant at Burlington, Massachusetts.
These personnel may be considered typical of those who would
be utilized in maintainability demonstration testing as

called out in current specifications. The test sample was
drawn from personnel classified into the 'following three

job descriptions:

a. Lahora%arx ggc%niciaf - Responsible for fabricating
proposed circuit designs under close engineering
supervision. Also, responsible for tests com-
pleted on electronic systems during manufacturing

phase.

b. 8enior Laboratory Technician - Duties identical
to laboratory technician but requires less direct

supervision.

c. Engineering Technician - Works closely with design
engineers preparing circuit breadboards of newly
designed circuits and tests new devices to ascer-
tain operational parameters. Works with minimal

supervision.

3.4.3.1 The principal criterion used to select technicians
were; (1) capability of performing assigned task and (2)
availability for entire test period. The distribution by
classes of the forty technicians selected were as follows:

Laboratory Technician 5
Senior Laboratory Technician 21
Engineering Technician %%
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It was originally intended to draw nearly equal samples

from each of the three groups but it was found that several
the lesser skilled laboratorx technicians were unable to
complete the task. Those faiiing w e replaced with tech-
nicians from the higher categories “J achieve the full test
group. Additionally, the requirement for availability
during the entire duration of the test program influenced
the sample distribution to some degree. Table Il-1,
"Biographical Data," (Appendix II) reviews the pertinent
data for each technician selected.

3.4.3.2 The techniciana used in the test procedure had no
previous experisnce on the particular type of sguipment '

selected. To provide the appropriate background a standardised
training session, explaining the operation and maintenance
procedures for the equipment, was given to each technician.

attention was devoted to standardizing the test environ-
ment, test equipment status, and oguipnant condition for
each task administration. Figure 3.6, "Kuipment Arrange-
ment, " illustrated the layout utilized for the experiment.
Prior to the start of each test, the equipment was placed
in the position shown. Additionally, the following pretest
checks were made:

3.4.3.3.1 Equipment Status at Btart of Bach Task Adminis-
tration.

a. RCA 121 Trainer

Equipment operated and its operation completely
verified and optimized. Subject fault part installed
and symptoms of failure verified. Power switch and
B+ switches positioned at "ON".

b. VOM

Physically placed immediately to the left of the
trainer. B8elector switch positioned at "1000vV".
Range switch positioned at "DC". Test leads (red
& black) inserted in meter.
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c. Oscilloscope

Physically placed immediately to the left of the
VOM and positioned to face subject when standing
in front of trainer. Volts per CM Belector posi-
tioned at "20". Time per CM Selector positioned
at "0.5" msec/CM. Sync. Selector positioned at
"Auto". Oscilloscope ground externally connected
to trainer unit. Power switch positioned at "OM".

d. Signal Generator

Physically placed to the left and to the rear of
the VOM. No leads connected.

In addition to the actions outlined above, all test equip-
ment was calibrated prior to the initial testing and proper
operation continuously verified throughout the study.

3.4.3.3.2 The observers utilized in the experimental pro-
cedure were personnel experienced with data collection
technigques and were thoroughly familiar with all aspects
of testing procedure. Prior to the start of the actual
testing, several dry runs were accomplished to assure that
all administration details had been established.

3.4.3.3.3 Supplementary to this procedure, the following
verbal introduction of the subject to the task was employed.

a. *Our task is concerned with the...(8uperheterodyne
receiver/Marker Indicator.)

b. The failure is at the...(part, circuit, component)
level. (Due to confusion surrounding the word
"Component" a description of a part, circuit, and
component is given.)

c. There is only one failure and we want you to locate
it to the responsible...(part, circuit, component.)

d. You may have a...(part, circuit, component) replaced
any time you wish by asking for it.
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e. Any time a part is replaced or some corrective
action is taken we want you to verify the replace-
ment action.” '

Through the attention given to procedure detail, it is
felt that variance dues to extraneous factors has been re-
duced to a minimum. The data resulting from this experi-
ment should be almost totally a function of the individual
technician proficiency.

3.4.3.4 2i£!¥egflzl£% - The time data (test-retest) are
presented in les II-2 and 1I-3 (Appendix II) respec-
tively. 1In addition to the total time, the tables present
the composition of total time in terms of the five desig-
nated elements. Figure 3.7, "Time Element Distribution,*
presents a arison of percentage distribution for test
and retest against the previously cbserved field data.

It will be noted that for the selected task a marked
similarity exists between the test-retest measurements.

Additionally, a good relationship exists with the previously

collected field Adata.

3.4.3.4.1 Prigure 3.8, "Test-RetestCorrelation (40),"

presents the analysis made to determine the correlation
(reliability) for the full test data. The calculated r
was found to be 0.12 (5% level 0.31). This calculation

was made by using the logarithm of the time data and grouped
analysis method. The columns marked f indicate the frequency

of each cell interval and portrays the general form of the
underlying distribution. The test data has transformed
gcnora¥ly.to the normal configuration while the retest re-
mains skewed to some extent. The calculated coefficients
of variation indicate that the lug-normal distribution
may be used for the analysis.

3.4.3.4.2 PFigure 3.9, "Test-Retest Correlation (25),"
presents the analysis of the time data for 25 selected
subjects. The selection was made by including those sub-
jects which lay along the bisecting line of the angle
formed by the test-retest orthogonal normalized scales.
This technigue permits selecting subjects who possess not
only good test-retest relationships but additionally,
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provides a continuous range of test times. The calcu-
lated r for the selected group was determined to be .806
(5% level 0.40) which is highly significant. Distributions
for test-retest are close approximations to the normal as
evidenced by the £ columns.

3.4.3.4.3 For the twenty-five selected technicians the
;o?gosition, with respect to job classification, was as
ollows:

Laboratory Technician 5
Senior Laboratory Technician 12
Engineering Technician 3%

Examination of the job classification groups along the
regression line found them to be generally positioned in
accordance with their respective skill levels.

3.4.4 Final Test Phase - The five remaining tasks selected
during the program development were administered to the 25
technicians possessing the greater test-retest reliability
displayed in the initial test phase. Again, two adminis-
trations were made for each task. (See Appendix II for a
breakdown of test-retest data for five tasks by elements.
Table II-4 through II-13 provide this data.) Adminis-
tration of the Electronics Maintenance Proficiency Test

- (EMPT) was made in the interval between the task test-

retest.

3.4.4.1 Data - The information developed from this se-
gquence is presented in Table II-14, "EMPT Scores," (Appendix
II) and Table 1I-15, "Log Valuss of Mgi." (Appendix IIj.
Table II-14 presents the EMPT subtest scores, subtotal,
and total scores. The subtotal scores encompass subtests
1, 3, 4, 5, 6 and 7 related to verbal skills; whereas,
subtotal 2, 8, 9 and 10 is a measure of performance.

(To ease subsequent calculation all scores have been
divided by 10.) Table II-15 (Appendix 1I) presents the
logarithm of the cbserved maintenance time (Mct) for six
tasks including both test and retest. Use of the loga-
rithm is dictated by the underlying log normal distri-



bution of maintenance time. 1In both tables, a numerical
reference to the class of technicians employed has been’
made, plus their grouping in accordance with assigned jod
categories. Table 3.16, "Data - Means and Standard
Deviation," summarizes the characteristics of the cbserved
information.

3.4.4.2 Data %ﬁll!lil - The final tlitlphllc analysis
sought to provide answers to the following questions:

a. Is maintenance time a suitable and :clilbliity
measure of maintenance proficiency? -

b. Do maintenance skills exist?

c. Can the EMPT (designed to measure maintenance
skills) be related to the time criteria?

The following analysis will investigate these questions.

3.4.4.2,1 Time Criteria - Basic to the investigation
being made 1s the sultability time as a measure of main-
tenance proficiency. 1t may be reasoned that should
individual technicians or groups exhibit consistent main-
tenance performance with respect to time that this criteria
may possess some validity. To examine this point further

a correlation was made between test and retest task times
and results obtained are contained in the following table:

Retest
1 2 3 4 5 [ Total
1 .019
2 .449
3 .503
Eﬂ 4 -.082
5 .570
6 . 806

Total .606
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TABLE 3.16 .
DATA - MEANS AND STANDARD DEVIATION

EMPT

1, Vocabulary

2. Bquipment Recognition
3. Analogies

4. Comprehension

5. Computation Problems
6. Bimilarities

7. Information

8. Absurdities

9. Picture Arrangement
10. Bagic Bkills

11. Verbal

12. Performance

13. Total

Test
Task
Task
Task
Task
Task
Task
Total

o v A W N

Retest
Task 1

Task 2
Task 3
Task 4
Task 5
Task 6
Total

Msans
15.28
10.56

9.16

15.08
7.32
10.36
7.84
18,40
9.60
18.28
65.04
56.84
121.88

1.3781
0.7354
0.8108

0.8676

0.8604
1.3556

1.91€1

1.0848
0.7187
0.7388
0.8162
0.7561
1.1170

1.7330

s o —————— 75w N
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Standarxd peviation
5.62

2.50
1.65
3.2%
2.95
2.4%5
2.36
5.29
1.91
6.32
14.17
10.78
21.99

0.2300
0.1376
0.1700
0.2313
0.2516
0.3971
0.1990

0.2500
0.2469
0.1482
0.2403
0.2110
0.2746

0.1544
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It will be noted that tasks 1 and 4 did not correlate while
tasks 2, 3, 5 and 6 did relate significantly. However, the
high correlation obtained for task 6, it will be recalled,
was obtained through the direct selection of technicians on
the basis of good test-retest relations. The results failed
unfortunately to provide a definite answer to the suitability .
of time as a measure of maintenance proficiency. At best
it appears to be a marginal indication.

3.4.4.2.2 g;;gﬁogagc- §kifis - The existence of maintenance
skills was soug est shing that significant difference
exist among technician classifications and that skill re-
quirements differ for maintenance tasks associated with :
part, chassis, and component replacement concepts. Addition-
ally, the possible difference between skill requirements

for equipment type was 1nve.tigated. Table 3.17, “"Analysis
of Variance ~ Maintenance Time" presents the format used

in this examination. Bach of the variables considered is
identified in the table. The results obtained are ?to-ontcd
in Table 3.18, “Analysis of Variance - Calculation." It
will be observed that significant differences were obtained
for the variables: technicians category (A), test-retest
(B), and replacement level (p). Additionally, a signifi-
cant interactive B x p was obtained. Detailed examination
of this relationship revealed that the interaction was
probably due to the extremely high mean square value of the
factor (p) rather than a true inter-relationship. In sum-
mary, this examination provides:

a. The three categories of technicians employed in
this test possessed different maintenance capa-
bilities (skills).

b. The test-retest cycle significantly affects main-
tenance time.

c¢. Different skills are required to accomplish main-
tenance at the part, circuit, and component levels.

d. Equipment type (function) does not appear to in-
fluence maintenancs time.
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The possible confounding influence of the test-retest ocem-
bination was considered and a separate analysis was made
using test data only. The results obtained producad the
same findings outlined. Within the limits of time data,
to describe maintenance proficiency, it is felt that the
existence of skills has been demonstrated.

3.4.4.2.3 33 - The examination of the relation
of the EMPT to maintenance time began by review. the
internal conoiot-nox of the test. Table 3.19, '8 e
Correlation - +" presents an investigation of | P@-
lationships between subtests, verbal and performance mesasures,
and total EMPT scores. It will be noted that the test is
generally well inter-correlated with the exception of sub-
toatiz. Aside from this, the test appears to be generally
consistent.

3.4.4.2.3.1 Table 3.20, "Simple Correlation - Test/Retest,”
exanines the relationship between the ENPT and the test-
retest data. 1In this investigation negative coefficients
are sought, i.e. high EMPT score~low maintenance time. A
correlation of -0.379 was obtained for total EMPT score
versus total test time which did not meet the 5 percent
level of significance (r = 0.400) for this investigation.
Other coefficients within the table ranged from -0.372 to
values slightly positive. Correlations with the reteat
data did not achieve the levels secured for the first
administration. This was expected due the confounding in-
fluence of the technician’s immediate experience with the
tasks.

3.4.4.2.3.2 rrom this examination the ability of the BEMPT
to predict mailntenance proficiency as evidenced by time
has not heen proven. The magnitude of the correlation
coefficient achieved between total EMPT score and total
task time: however, does provide some possible evidence to
the concept. It must be concluded; howaver, that factors
not measured by the EMPT bear a greater influenee on main-
tenance time.

[
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3.4.4.3 Summary - From the foregoing analysis, it appears
that the ability of maintenance time to function as the

s0le measure of maintenance proficionci. as dstermined by the
EMPT, is questionable. Further investigation is needed to
determine if such factors as degree of workmanship. main-
tenance induced failures, performance restoration, and other
quantitative measures do not also form a part of maintenance
proficiency. It is felt that measures of these factors com-
bined with the time criteria may be successfully related to
technical proficiency providing the solution sought.

3.5 Qther Developments

3.5.1 Genexal - In addition to the maintainability pre-
diction technique and the Electronic Maintenance Proficiency
Test, other procedures and techniques applicable to main-
tainability engineering were developed or refined during
Phase V. The general topics investigated include:

a. Theory and classification of maintenance
b. Maintainability planning and control

c. Maintainability design guidelines

d. Design review methods

e. Demonstration testing

if. Field data acquisition

Theory and classification of maintenance included the des-
cription of the maintenance process and the development of

a system of indices for specifying and measuring maintain-
ability. For planning and control, a general maintainability
program plan was developed along with a description of the
necessary tasks to be performed and the type of personnel
required. Guidelines were developed for designing maintain-
azggity into an equipment for reduction of personnel and
support requirements. A technique for demonstrating the '
maintainability achieved by an equipment design was developed
and procedures for gathering maintainability data from
operational equipment in the field detailed.
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3.5.2 Theory and Classification of Maintenance ~ During

the course o¥ the field data collection program and the
laboratory investigations, information relating to the
basic maintenance process and to maintenance conditions

was developed. Through the analysis of data from these pro-
grams and the maintenance experience of the personnel per-
forming these analyses, a description of the maintenance
process and a detailed classification system evolved.

In addition, a system of maintenance indices for quanti-
tatively describing equipment maintenance were developed.

3.5.2.1 The maintenance process and maintenance classifi-
cations were described in the Phase II1 and Phase 1V pro-~
gress reports.(3.4) puring Phase V, this material was
reviewed and compared with information gathered during

the field validation program. In addition, comments were
made by specialists in the various facets of maintain-
ability. As a result of this review, some changes and
additions were made to the original material. ‘The re-
sulting maintenance theory and classification 1- presented
in Section 2, Volume II of this report.

3.5.2.2 A system of maintenance indices relating to the
three general areas of time, cost and capability were

previously developed and presented in the phase I1I pro-
gress report.(3) A review of these indices resulted in

"the change of the maintenance index to a manning index

and the addition of an operational readiness index. 1In
addition, methods for calculating index values and for
determining the relation between specified and observed
indices were more fully developed. The new list of in-
dices and the calculation methods are presented in Section
2, Volume II of this report.

3.5.3 Maintainability Planning and Contrgol ~ In order

to meet maintainablility design objectives, procedures

for maintainability engineering must be established.
These procedures must include: delegation of responsi-
bility, program planning, design guidelines, control
methods, and evaluation techniques. Design guidelines
and a maintainability evaluation technique have been pre-
viously developed and presented in the phase IV progress
roport.(4 During Phase V, the remaining procedures
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necessary for a maintainability enginaerin program were .
developed. These procedures included the identification

of the tasks associated with a typical maintainability
program and the relation of these tasks to the design-
development cycle. Additionally, the requirements for
personnel to staff such a program were detailed. The
procedures developed are presented in Section 3, Volume

II of this report in the form of a typical maintainability
program plan.

3.5.4 Maintainabilit¥ Design Guid.;igtl - During Phase

IV of s program guidelines for designing maintainability
into prime equipment were developed. During Phase V,

these guidelines were extended to include the personnel

and support parameters. These guidelines were developed
on the basis of the data collected from field maintenance
activities and from laboratory investigation of the Elec-
tronic Maintenance Proficiency Test (EMPT).

3.5.4.1 gguifgent Design Factors - The design guidelines
developed during Phase IV were derived from information
relating to the design parameter. These guidelines were
ordered in accordance with their contribution to down time.
These guidelines were reviewed during Phase V and were con-
sidered to be adequate based on the available data. An
ordered list of design features along with guidelines for
each feature is contained in Section 4, Volume II of this

report.
3.5.4.2 Personnel Factors -~ There were 3 forms and 1
checklist used to gather information concerning maintenance
personnel. These were as follows:

a. ~Checklist b - Scoring Personnel Coordination

b. Attitude - Motivation Test

c. Biographical Data Sheet

d. Electronic Maintenance Proficiency Test

Each of these is described in the following paragraphs.
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3.5.4.2.1 Checklist D - This checklist was scored during
the performance of sach maintenance task, based on the
interactions of the maintenance team members. There are
six questions in this checklist which deal with the fol-
lowing topics:

a. The speed with which information is transmitted
between team members

b. The validity of the information transmitted
¢. The agreement as to method of task performance
d. The relative paticipation of each team member

e. The existence of personality conflicts between
team members ‘

f£. Whether or not on-the-job training was given
during the maintenance action

3.5.4.2.2 Attitude - Motivation Test -~ This is a paper
and pencil test developed to assess the morale of main-
tenance personnel. It was given once to each technician

for which time data were collected. This test consists of
five subtests which measure the following characteristics:

a. Extrinsic Job Satisfaction - The job work con-
ditions, benefits, pay, and the security derived
£rom the job.

b. Intrinsic Job Satisfaction - The job satisfactions
which are derived from direct performance of the
work itself and which tend to be constant for the
job, regardless of where the work is performed.

c. 8ocial Aspects of the Job - The job aspects in-
volved in the relationship of the technician with
other technicians, especially those at a comparable
level.
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4. Opportunitx for Advancement - The job aspects
which the individual sees as potential sources
of improving his economic position, status, and
professional experience.

e. Supervisory Relationships - The relations that

exist between the technician and his immediate
supervisors.

3.5.4.2.3 %;g%gigh;gggiggggtghgiﬁ ~ This is a survey form
used to collec ta concerning the training and experience
of each maintenance technician. This form provided for
the collection of the following data: ’

a. Pay grade

b. Date of enlistment

c. Age

d. BExperience on equipment on which maintenance is
being pexformed

e. Achievement in elactronic tﬁndamontaln course

" £. Airmen Classification Battery, or Airmen Qualifi-
cation Bxamination test scores

g. Amount of formal eloctréntcs training

h. Amount of instructing experience

i. Amount of practical maintenance gxperience
j. Amount of supervisory experience

k. Amount of experience on specific types of equip-
ment

3.5.4.2.4 Electronic
is an individually

evaluate the technician’s mental and motor skills impor-
tant to maintenance proficiency. This test contains ten




sub-tests which are as follows:
a. Vocabulary,
b. Equipment Recognition,
c. Analogies,
d. Comprehension,
e. Computation,
£f. Similarities,
g. Information,
h. Absurdities,
i. Picture Arrangement, and
j. Basic Skills.

These sub-tests are also combined into two groups for
analysis purpose. These groups are the verbal group (a,
¢, d, e, £, and g) and the performance group (b, h, i,
and j).

3.5.4.2.5 Relationships - Each of the personnel parameters
measuring instruements was analyzed with respect to equip-
ment down time. The checklist D (Scoring Personnel Coordi-
nation) data were found to be essentially single valued,
thus rendering the checklist useless for further analysis.
The total Attitude--Motivation Test score for 51 techni-
ciane, for which time data were available, was correlated
with active down time. The resulitant coefficient was - 0.06
which is not significant. Since the reliability of the
sub-test scores is less than that for the total, no further
analysis was made.

3.5.4.2.6 The Biographical data were also correlated with
down time, and the results of this analysis are shown in
Table 3.21, "Correlation Coefficients of Personnel Factors
With Log Active Down Time."
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CORRELATION COEFFICIENTS OF PERSONMEL FACTORS

TABLE 3.21

WITH LOG ACTIVE DOWN TIME
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Category N z P
Age (years) 52 .08 N.8.¢
Time in Service (years) 43 .15 N.S8.
Experienca (Nonthe) 43 .08 m.s.
**ACB - Mechanical 19 .01 K.S8.
®**#AQE - Mechanical 34 .13 N.S8.
ACB - Electronics 19 .02 N.S.
AQE - Electronics 34 .06 N.8.
ACB - Technical Specialty 17 .44 .10 N.8.
AQE - Technical Specialty 22 -,56 .01 Big.
* _ N.S. - Not Significant
** _ Airmen Classification Battery
#*% _ Ajrmen Qualification Examination
Only two of the categoricl‘approachod accepted levels of
statistical significance (ACB & AQE Technical Specialty).

In this case the trends are in opposite directions and so
tend to discredit the significance, since both tests are

designed to measure the same skill.

From the data avail-

able, no firm conclusions can be drawn. None of the other
correlations were high enough to suggest any relationships
with down time.
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3.5.4.2.7 'Two separate trials were made to validate the
Electronic Maintenance Proficiency Test (EMPT) against the
down time criterion. 1In the first trial the AN/FST-2
equipment at the Keesler Air Training Command was used.

The EMPT was administered to 59 technicians who were sub-
sequently timed while performing six corrective maintenance
tasks on the AN/FST-2. The EMPT proved to be an internally
consistent, mechanizally smooth, reliably scored test.
However, neither the scores on the sub-tests, nor the total
score :xhibited any meaningful correlations with active
down time.

3.5.4.2.8 Because of difficulties encountered in performing
the first trial validation, a second validation was planned.
In this trial an equipment simulator and contractor tech-
nicians were used. Extreme care was taken to control all
variables other than those being investigated. The results
of this trial showed a definite trend toward correlation
between EMPT score and down time, but the relation failed
to be domonstrated significantly. The data for this trial
and its analysis was previously discussed in this section.

3.5.4.2.9 Although a number of different personnel variables
were investigated, only the Electronic Maintenance Proficiency
Test showed any evidence of being related to the time a
technician takes to locate and repair a malfunction in
electronic equipment. This one relationship shows that a
maintenance skill does exist, and that the equipment de-
signer must consider the characteristics of the programmed
maintenance personnel when designing electronic equipment.
Paragraph 4.3, Volume II of. this report describes, to a
limited degree, these characterisatics.

3.5.4.3 Support Factors - In this research, support para-
meter data were collected through the use of checklists.
These checklists were: Checklist E, "Scoring Manuals,
Technical Orders, and Instructions"; Checklist F, "Scoring
Supply Conditions"; Checklist G, "Scoring Test Equipment
and Tools"; and Checklist H, "Scoring Maintenance Organi-
zation and Facilities Status." The score distributions
for each of these checklists were extremely skewed and
could not easily be transformed to the normal case. Be-
cause of this situation the scores for the four checklists
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were combined into one total support score which resulted
in a distribution that was essentially normal. All analyses
were based on this combined support score.

3.5.4.3.1 !gghg% = To determine if a relation existed be-
suppor

tween the parameter and down time, a correlation
was performed between support score and log active down
time. The correlation coefficient was found to be -0.4%
which is significant at the 1% level. 8ince a relation
was established, the next step was to £ind a technique

z:r :Itormining the relative contribution of the individual
checklists.

3.5.4.3.2 A number of correlation techniques were investi-
gated for use with the support checklists, and only one
was found applicable due to the extreme concentrations of
high scores. The technique selected was the oontingon:x
coefficient. The process involved in applying this technique
is shown in Appendix 1I, Volume II, of this report. Table
3,22, "Support Checklists Contingency Coefficients,® shows
the coefficients calculated for each of the support check-
lists with log active down time. In Table 3.22, the number
in the upper left corner of sach cell is the observed value
while the number in the lower right corner is the value to
be expected if no relation exists. The results show that
there is a significant relation for checklista E, F, and G
and log active down time; but that there is no significant
relation between checklist H and log active down time.

3.5.4.3.3 Interpretation - The data of Table 3.22 shows
that the correlation trends are negative, i.e. active down
time decreases as checklist score increases. The coeffi-
cients were tested for significance by determining the.
probability associated with the occurrence of values as.
large as the observed X2 with one degree of freedom. The
coefficient for checklist H is not significant. 8ince

the coefficients for B, F, and G are essentially the same,
it is concluded that these checklists are approximately
equal in their contribution to down time. ecklist H
shows no association with down time so its contribution
is unknown. It should be noted that the contingency co-
efficient is only a measure of association and is not
directly comparable to any of the standard correlation r’s.
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TABLE 3.22
SUPPORT CHECKLISTS CONTINGENCY COEFFICIENTS
Checklist E
Checklist Log Active Down Time

Score

0.716 - 1.665

1.665 - 2.615

x? = 7.34 C = 0.26
Checklist P
Checklist Log Active Down Time
Score
. 6 19
0w39 12.4 12.6 25
44 32
40 37.6 38.4 76
Total 50 51 101
x? =8.71 C = 0.28
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TABLE 3.22 8s
(Continued)

Checklist G

ng Active Down Time

Checklist
Score

0.716 - 1.665 1.665 - 2.615 Total

51

X2 = 9.61 C = 0.29

Checklist H

Log Active Down Time

‘Checklist
Score

0.716 ~ 1.665 | 1.665 - 2.615

xif- 0.79 C=0.09
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S8ince it could not be shown that one checklist related
more significantly to down time that another (except for
checklist H) an ordered feature list was not developed.
However, Section 4.4 of Volume II presents a series of
items to consider concerning the support environment
during the design-development phase.

3.5.5 Design Review Methods - Maintainability specifi-
cations gequIre that a formal design review prog:aT y-
established for each system/equipment development. 5

To fulfill this requirement, procedures for conducting
maintainability design reviews and methods for analxling
equipment for maintainability improvement were developed.
In addition, techniques for effecting trade-off with
other system parameters were developed.. These procedures
and technigques were developed from the analysis of the
data collected during this program and through the inter-
view of equipment designers and maintenance specialists.
The design review methods are given in S8ection 6, Volume
II of this report.

3.5.6 Demonstration Testing - The experience and data gained
from the laboratory studies conducted as part of this pro-
gram were used to develop demonstration test methods. These
methods were directed at fulfilling the maintainability
specification requirements for demonstrating the ?cyievod
mean and maximum down time for electronic system. {5

The methods and requirements for demonstration testing are
given in Section 7, Volume II, of this report.

3.5.7 Field Data Acquisition - One of the requirements

for a complete maintainabllity engineering program is to
cbtain maintenance data from equipment under actual

operating conditions. During the field data acquisition
phases of this program, techniques were developed for
gathering such data and much experience was gained in the

use of these technigques. These techniques have been refined
through the knowledge and data gained from the field programs
and general requirements for maintenance data have been
defined. The procedures and guides for gathering maintenance
data at field locations are presented in S8ection 8, Volume
II, of this report.
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4. CONCLUSION

4.1 current State of the Art

The techniques and information derived from this study should
materially assist the engineer in his task of developing a
system with good maintainability. These techniques will
permit the quantitative treatmant of the important time
characteristics inherent to maintainability. Assessment of
design features through the use of the checklist criteria,
permits their influence on maintenance time to be determined,
thus permitting alternate designs to be evaluated. Further,
such evaluation provides guidance toward achieving the speci-
fied maintainability goals. Identification of the principal
factors influencing maintenance task accomplishment directs
design effort toward those features which will yield the
greatest maintainability improvement, thus providing better
use of the dollars invested. s

4,1.1 The accuracy of the maintainability prediction tech-
nique is generally consistent with that achievable with re-
lated technologies. Considering the relatively short time
maintainability has received intensive investigation, a
major step has been made from a completely unknown gquantity
to the ordered discipline which has evolved. The ability
to measure, specify, predict, control, and demonstrate
maintainability places it within the realm of an explicit

technology.

4.2 Recommendations for Continued Study

‘The work which must follow, should take the course of con-
tinued refinement of the technology, thus far advanced.
Specifically, additional investigation should consider:

a. Improvement in design factor measurement techniques
to achieve greater accuracy for the prediction

technique.

b. Study of the personnel parameter to determine the com~
plete range of characteristics which influence tech-

nical capability.



¢. Investigation of the support environment to determine,
to a greater degree, its relation to the design and’
personnel factors.

d. Determine the suitability of principles developed,
for application to areas other than the ground elec-
tronic environment.

e. Investigate maintainability problems associated with
mechanical, pneumatic, and hydraulic systems.

f. Develop expressions or techniques which will permit
the relating of maintainability to reliability,
cost, and other system parameters to be made to achieve
system optimization.

g. Investigate the impact of modularization, integrated
circuitry, and other new packaging techniques on
maintainability.

h. Improve maintainability design guidelines to better
assist the engineer in the selection of maintenance
concepts, test equipment philofophy, and related plan-
ning requirements.

i. PFurther examine the underlying distributions asso-
ciated with maintenance parameters, to determine their
scope of applicability.

j. Development of more detailed indices for use by the
equipment designer and development of an overall
measurement for maintainability.

4.3 Summary

Significant advances have been made in understanding the
nature of the maintainability problem and in developing
analytical tools for quantitative treatment. However, any
investigation of maintainability soon uncovers the complexity

‘of the total problem and it is realized that only thorough

and continued research will obtain a complete resolution of
all problems. With the recognition of the maintenance
impact on present systems and the advancing complexity of
new programs, it is imperative that exploration of main-
tainability be continued.
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TABLE I-2
FIELD DATA

PHASE V MAINTAINABILITY STUDY

Iask

51R01B
51R03B
S1R198
51R20B

S51R23B

51R24B
51R25A
51R30B
S1R31B
S1R33A
51R34B
51R35B
51R36B
51R37B
S1R388
51R39B

S51R40B

51R42B
51R43B
51R44B
51R45B
52R02B
51C10B
51C11B
51C12B
51C13B
51C14B
51C15B
51C16B
51C17B
51C18B
51C198
51C20B

[
< h:g

' i~ PO DLANO WA

wn
VOFENYOOVLARNNTIN -

[
GO N

s
L)

Corrective Maintenance

Log Mot

2.24080
0.53148
1.77232
0.43136
2.06670

- 1.92634

1.46090
1.30103
2.27577
1.70842
2.19562
1.75511
1.43136
1.79796
1.99651
2.14301
2.35160
2.22063
1.40654
2.05956
2.31639
1.77452
2.04650
1.72997
2.46716
1.48996
1.79169
1.51455
1.87506
1.87448
1.68034
1.51322
1.44248

18
57
26

58 -

28
34

54

16
28
16
30
44
30
30
24
20
29
42
22
18
31
28
36
22
43
40
33
32
39
42
41

41

(1

15
39
a4
39
21
24

20

a1
16
19

23
26
23
18
11

21
a3

15
is
18
22
16
a7
24
28
24
23
29
30
31



prase  pussq ey pmew  pEmy  pems|  pEamp  EEe)  jemq ey

Ho.

34
35
36
37
38
39
40
41
42
43
44
45

-46

47
48
49
50
51
52
53
54
55
56
57
56
59
60
61
62

TABLE 1-3
PIBLD DATA

PHASE V MAINTAINABILITY STUDY

Corrective Maintenance (continued)

Iask

51C21A
51C22p
51c23s
51C24B
51C26B
51c27B
slcaes
51C298 .
51c3ioa

-81C31p

51C32A
510338
51C34B
51C358
51C36A
51378
51C38B
51C40B
51C41B
51C42A
51C43B
51C44B
51C45B
51C46B
51C47B
51C48B
52CO1B
520028
52c03B

Mot

13.8
24.5
23.6
57.1
15.1
35.9

142.3

221.5

104.0
89.0
13.1
76.7
47.6
25.9
19.5
18.5
14.2
18.0
53.1
88.1

124.5
32.8
61.2
90.7

113.5
38.8
15.3
23.4
88.8

log “EI

1.139886
1.38917
1.37291
1.75664
1.17898
1.55509
2.15320
2.34537
2.01703
1.94939
1.11727
1.88480
1.67761
1.41330
1.29003
1.26717
1.15229
1.25527
1.72509
1.94498
2.09517
1.51587
1.78675
1.95761
2.05500
1.58883
1.18469
1.36922
1.94841

A

43

39
33
45
37
20
22
20
31

35
34
39
43
43
435
45
37
32
30
37
36
27
30
33
42
50
46

B

25
20
20
16
23
19
2l
14
26

as
12
17
21
25
al

23
14
19
15
21
18
17
15
23
24
24
18
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Operation
5,

88y

s /22

88,

s /40
88D
.’A—R
8,8,/22
8PD, o
82 o .
8,8,7/40

8PD, o

8Py n
8,8,/22
8PD,_p
8Pp ¢
8,8,/40

8PDy ¢

8P
8.8,/22

TABLE 1-3

SUMS OF SQUARES, PRODUCTS, RIC.

0.01A

- 7.03

2.24640
0.35910

14.56
5.5194

5.29984
0.219%6

0.01710
0.13077

0.31955%
0.41

0.00563
0.07503
0.36400
0.21

0.013
3.es8
0.7376

0.68429
0.05351

7.42
1.4362

1.37641
0.07979

1.3317
1.23984
0.09186

2.7513
2.70088
0.05062

0.00255
0.05048

0.17636
0.29

0.00205
0.04523
0.168550
0.24

0.01¢C
4.48
1.0401

0.90011
0.13999
10.46
2.8912
2.73529

0.15%91

1.3992
1.42198
0.17722

3.9214
3.80744
0.11396

0.8323
0.78482
0.04748

2.0032
1.94033

0.06287 .

0.00667
0.08165

0.20227
0.40

0.00400
0.06323
0.26150
0.24

39.16393
75.49472

69.71879
5.77392

66.51243
115.30821

110. 59758
4.71063

11.18268
12.514686
- 1.33198

23.38464
24.210%2
- 0.823588

6.521%4

6.90709
- 0.38556

11.90686
12.33806
- 0.43120

7.15020
7.92179
- 0.7715%9

16.66371
17.39300
- 0.72929

0,27504
0.52445

1.78018
0.29

0.11777
0.34317
1,66281
0.21
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APPENDIX IX
EMPT DATA
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11
11
II
11
II
I
II
II
II
I1
I1
II
II
I1
II

QO\IOM#UNH

T O -
n b W N K+ O

LIST OF TABLES

Biographical Data

Test - Task 6 ~ llcmontl - l.

Retest - Task 6 - Elements -

Test - Task 1 - Elements - N
Retest - Task 1 - Elements -

Test - Task 2

Retest - Task 2 - Elements -

Test -~ Task 3 Elements - N
Retest - Task 3 - Elements -

Test - Task 4 Elements - N

Retest - Task 4 - Elements -

Test - Task 5 Elements - N

Retest ~ Task 5 - Elements -
EMPT Scores
Log Value of‘M:ct

Elements - N

40

= 40

25

28
= 25
25
= 25
25
= 25
25
= 25

105
108

103

109

110
111

112

113
114
115
116
117
118
119
120
121
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TABLE II-2

TEST TASK 6 - BLEMENTS-N=40

1.5340
1.6998
1.8215
1.8149
'1.4669
1.6274
1.8109
1.6590
2.2686
1.2405
1.8627
1.5635
1.6830
1.5514
1.0374
1.2041
2.1297
1.2878
1.4014
1.7745
1.8591
1.4942
0.9823
0.8261
0.9395
1.1399
1.2095
0.6902
1.0334
1.7451
1.3729
1.0899
1.6031
1.0294
0.8261
- 1.3636
1.2967
1.0682
0.6812
1.1644

Total

NAMMOTEOOTOVNOAODLTMNMNONRDONADOOMANS O N®DO
[ ] L ] - L ] L] L ] [ ] L ] L] * L ] L] L] L ] L] L] L] * L] L] . L] L] L] L] . .
4065924557268306495921968364053200639144

3566246481734311“12573 d =4 eI Ky Ko B e ] N e 4

Element

5

0000000000000000000000000000000000000000

33“3366683369633“3339333333336’0333366333

621254450228867062103028060655—/598275644

L] L] L] L] * L] . L] L ] * L] L] [ ] . L[] L] L] L ] . L] . L] L] L] L] * . L] L[] . [ L] [ & L]
65212152312602345024530011101“3310001000
el =10

.3 |192.0]1455.3(55.8538

5474779023040120200719002070003020077000

L] L] L] * L] L] L] L ¢ o [ ] L] o o L4 L] ] ] * L] L] L] L . . L] L] . L] L] L 2 L] L] L]

112011o000013100501102000000001010000000

1552834149384306922393495653582809526142
. e ® o & & o o & 8 » 8 e 6 6 0 & o & @ e o e o o o o @
3090132722715348769072624811561546341811

24332353“16232 ~N

0005300000460604100500000600839000050000

0000000020000000400000000000010000010000

14.5 p88.8}132.7 |233

0.99 | 6753] 2.2506.03 [13.20]100.00

Technician

~HANNLONO~ONO -
[aka

Total
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TABLE II-3
RETEST-TASK 6 - ELEMENTS-N=40

1.3560
0.8216
1.7033
1.2122
0.9777
1.1644
0.6902
1.8014
0.7993
0.9243
0.9823
0.9191
0.9138
1.1038
1.3201
0.6812
1.0453
0.9395
1.4579
1.19¢%
1.1430
0.9777
1.5729
1.1818
1.2227
0.7559
0.8808
' 1.0569
0.6335
} 0.6812
0.9868
1.1367
0.8261
0.9191
1.1987
1.3201
0.7993
0.6435
1.4472

5775356923463279817759542776438777389340

. e ¢ o @ * o o ¢ o o o e o o o o 2 e
026069‘436898820418853975657144936850648
NG Wt Neded V=l -

3336333363333333333333333333333333336333

0000000000000000000000000000000000000000A

9.01592.4 [42.6994

Element

0950972083241852347879612085956443126351

s & 2 o » * s o o o ] s o o o

1111000070110011001100010112200010000002

l900502080003028010327030000000000002006

e &6 ¢ o ¢ o e » o o @& o & e & & & * 5 o 2 o o « s o [

020000001000000000020201000°000000000000

4926482940229404560863900791582334261093
. [ ] L] L] [ ] L] L] L] [ ] . L] L ] L] ] L * [ ] [ ] L] L] L] L . * L L] [ ] L] L] L] L L]
.04s2.41;5.11201f4=a4‘4nv511114nvl-l:.2.‘9-0.&:;01;6.!1a5a‘424nv2
-t~ 4.1 - < o 4 ={ o o~

0009500020000005000800000000000000000000
.

0000000010000000000000000000000000000000

3.9 [400.9 [14.2 [44.4

0.65|67.68| 2.39| 7.50}21.78{100.00

Technician

Total
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TABLE I11-4
TEST TASK 1 - ELEMENTS-N=25
Element
Technician 3
1l 0.0 25.7 0.2 1.6 3.0 30.5 1.4843
2 0.0 18.5 1.2 0.5 3.0 23.2 1.3655
4 3.2 49.3 5.7 2.3 12.0 72.5 . 1.8603
5 0.1 "16.0 0.2 0.6 6.0 22.9 1.3598
7 0.0 23.4 0.2 5.3 l12.0 40.9 1.6117
9 0.0 24.51 0.1 3.2 3.0 30.8 1.4886
12 0.1l 9.6 | 1.0 0.7 6.0 17.4 1.2405
15 0.0 12.3 0.0 2.6 6.0 20.9 1.3201
18 0.0 15.5 0.4 1.6 3.0 20.5 1.3118
19 - 0.0 7.0 0.0 1.1 3.0 11.1 1.0453
20 0.0 31.3 0.0 8.5 6.0 45.8 1.6609
21 0.0 20.1 0.0 0.7 3.0 23.8 1.3766
22 0.0 12.8 0.1 0.3 3.0 16.2 1.2095
23 0.0 6.1 0.0 0.1 3.0 9,2 0.9€38
27 0.0 9.2 0.0 2.0 6.0 17.2 " -1.2355
28 0.0 13.4 0.0 1.5 | 9.0 23.9 1.3784
29 0.0 40.6 0.0 0.9 15.0 56.5 | 1.7482
32 0.0 21.2 0.0 0.6 6.0 27.8 1.4440
33 0.0 8.7 0.3 0.5 3.0 12.5 1.0969
34 0.0 41.3 0.2 0.5 6.0 48.0 1.6812
35 0.0 28.4 0.4 1.6 9.0 39.4 1.5955
36 0.2 11.3 0.1 0.7 0.3 15.3 1.1847
37 0.0 19.0 1.7 0.3 6.0 . 27.0 1.4314
38 0.0 7.3 0.1 0.6 3.0 11.0°}) 1.0414
39 0.0 13.1 1.0 0.3 6.0 20.4 | 1.3096
Total 3.6 | 485.6 12.9 38.6 144.0 684.7 34.4455
% 0.52 || 70.92 1.89 5.63 21.04 100.0

T e A
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TABLE II-5

RETEST TASK 1 - ELEMENTS-N=25

1.1523
1.3874
1.0792
1.2330
1.0453
1.2175
1.0374
1.5647
0.8573
1.1271
1.0128
1.1303
0.7924
1.6542
0.7482
1.0170
1.0253
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TABLE II-6

TEST TASK 2 - ELEMENTS-N=25

Total]
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0.6812
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TABLR II-7
~ RETEST TASK 2 - BLEMENTS-N=25

Log Tota
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TABLE II-8

Log Tota
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"TEST TASK 3 - ELEMENTS-N=25
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TABLE IXI-9
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RETEST TASK 3 - ELEMENTS~N=25
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TABLE II-10

. TEST TASK 4 - ELEMENTS-N=25 .

Tota
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TA@LB II-11

RETEST TASK 4 - ELEMENTS-N=25

Tota
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TABLE II-12

TEST TASK 5 - ELEMENTS-N=25
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TABLE II-13

RETEST TASK 5 ~ ELEMENTS-N=25
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