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ABSTRACT

Maintenance training simulators

have proven to afford equal or superior

training at a lower life cycle cost thaun actual equipment trainers when teaching
troubleshooting based on frout panel iandications, failure symptoms and some in-

drawer visual indicators.

The purpose of the study was to determine the effects

of two-dimensional and three-dimensional fidelity of simulation and three levels
of reduced accessibility to test points during training, on student trouble-

shooting performance while locating faults at the companent level.

A total of

186 studeats were observed and tested in the ET Spiice modules of a Navy Basic

Electricity and Electronics course.

Conclusions are drawn about the relative

training effectiveness of simulated and actual boards and recommendations dre
made in selecting active test points on simulazted printed circuit boards.

INTRODUCTION

Over the last few years, computer simula-
tipn maintenance trainers have made significaut

inroads against actual equipment trainers
(AET's)} in  hands-on electronic wmaintenance
training. Simulatars have proven to provide
aqual or superior training at a lower life

eycle cost when teaching troubleshooting based
on front panel indications, failure symptoms
and some in-drawer visual indicators.

However, in the area of hands-on trouble-
shooting to the component level, the rvelative
cost-effectivenass of AET's versus simulation
trainers is mnot clearly understood. Actual
equipment trainers are a higher fidelity simula-
tion of the field equipment and theoretically
should provide better transfsr of training.

However, high AET purchase costs and lower
reliability 1leads to high life cycle costs.
Trainers generally have a lower Life cycle

ecost, but these savings ars accompavied by a
reduced fidelity of simulacion; especially a
reduced number of test points. Simulation
engineers indicate that if all test poimnts on a
circuit board (50-100 points) are simulated,
the complexity of modeling the corvect test
equipment readings for each <failure at every
point becomes prohibitive.

Another difference betwesen AET's and
gimulation crainers 1is that trainers may uti-
lize a photograph of a circuit board with test
points available in appropriate locations. The
training effects of this reduced £fidelity of
simulation have not yet been determined.

The general assumption is that AET is more
costly and effective in training for

troubleshooting to the .component level, while
simulation trainers are less expensive and less
effective due to the limited number of test
points and raduced visuwal fidelity. The ques-
tion is which one 1s more cost-effective.
Engineers caa estimate the cost of a fraziner
for varicus aumbers of simulated test points
and wvisual representation based on previous
expevience. The question  remains a§ to the
relative effectiveness &f a trainer depending
on the fidelity of simulation and number of
test points simulated. The purpose of this
study was to determine the transfer of trainiag
to actual equipment derived from training on
modified printed civcuit boards with varying
mumbers of simulated test points represented
photographically and in three dimensious.

METHQD

laitial Data Acquisition

Initial data were reollected to determine
the peints most frequently probed by Basic
Electricity and Electronics (BE&E) students.
These initial data were required in orvder to
select the points to be exposed during the
experimental phase of the study.

Srudents were categorized as high, medium
and low proficiency levels based on prerequi-
site course completion time. Trainees were
observed during normal coursework and trouble~
sheoting lessons. Wo changes were made in the

- currvent curriculum except for the additiomal
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troubleshooting session at the researcher's
table. The observation of troubleshooting
behavior resulted in the following data:

1) number of trainees proSing @ach test
point



2) sequential order of probes.

Apparatus

Subjects in the experimental study were

tested using modified actuwal equipment in order

to eliminate the expense of creating a software

package Lo control specialized hardware.
Printed circuit beards normally used inm the
trainer were wmodified to control access to test

points. This modification was based om test
points probed during the initial data
acquisition.

Potential test points were created by
soldering a short copper wire te the test

Then the boards were sprayed with clear
varnish to place an insulating coat over the
entire board. Test points were made accessible
by cutting away the coating on the end of the
wire. By cutting away the varnish on different
numbers of poteatial test points, experimental
groups of test svbjects were trained with
varying numbers of accessible test points for
hands-on practice. The test points made acces—-
sible matched those probed by 33%, 67% and 100%
of the trainees in the 1iritial data gathering
phase. The board wmodification in Figure 1
simulates the effect of varying numbers of
accessible test points on a high fidelity,
three-dimensicn simulation of a PC board.

poiot.
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Figure 1 Three-Dimensional Simulation

Figure 2 7Two-Dimensional Simulation
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The board medification in Figure 2
simulates the effect of varying numbers of test
points on a photographic simulation of a PC
board. A photograph of the PC board was
mounted over the actual board. Test points
were created by placing a hole in the
photograph, projecting the copper wire through,
and coating it with varnish. Test points were

then made accessible by c¢utting away the
coating in the same manner as above.
Table 1 indicates the number of test

points made accessible on the FM Radio Second
IF Amplifier Board. Faults were grouped togeth-
er such that the required minimum probe points
would have a 90% overlap. The ratio between
accessible points and the minimum number of
peints required was 4.50:1 for 100% accessibil-
ity, 2.75:1 for 67% accessibility, and 1.60:1
for 33% accessibility.

Table 1

Test Point Accessibility
FM 2nd/IF Amplifier Board

Minimum Test Points
Fault Tests Accessible
Group Fault Required® 100% 67% 33%
1 Dicde Open, 7 42 22 12
Resistor : L
Open
2 Resistor I1 42 28 17
Open, Resis- :
tor Open
3 Transistor 11 4] 28 17
Short, Open
Run

#NOTE: Using Half-Split Technique
Subjecks

Test subjects were trainees in the ET
Splice modules of a Navy BESE course. A total
of 188 tralnees were included in data

collection,

Experimental Design

& two-way analysis of variance design {sée

Figure 3) was used for the main independent
variables of fidelity f(actual boards Vs
photographic boards) and three levels of test
point availaebility (L00%, 67%, 33%), with™ a

control group (unmedified boards).

circuit boards were wuti-
lized in the study; an ¥M Radio First IF
Amplifier’ board, FM Radio Second IF Amplifier
board and a Power Supply board. Each had three
fault group types. Trainee proficiency levels
were matched for each treatment condition. The
dependent variables were number of test points
probed, time to probe, and aumber of trips to
the learning supervisor before fault

Three different



In addition to the main experi-
the troubleshooting logic used

localization,
mental effects,

by trainees was examioned. The logic was
examined for differences by  experimental
treatment, as well as analysis of what types of
strategles were used most consistently and
effectively.
Fidelity
Three Two
Dimensional |Dimensionzll
100% {*
Test Points 67%
Exposed 33%
Contr.

*Each cell balanced with 3 levels of pro-—
ficiency and 3 fault groups.

Figure 3 Experimental Design

Procedures

When the subject trainees were ready for 2
practice session on one of the boards used in
the study, they were assigned to the research
station. The experimenter gave the trainee a
pre-faulted board modified to one of the seven
trzatment ceanditions. Subjects oproceeded to
troubleshoot the board and take their exercise

determined the subject had mastered the board,
the trainee was given an unmodified beoard to
troubleshoot. This test was the criterion
performance to measure trazansfer of training to

actual equipment after practice on modified
boards.
During the troubleshooting of both mod-

ified and unmodified boards, the experimenter
recorded: the number of probes, probing time,
subject comments and all other applicable data.
These data were then analyzed to determine the

training effects of simulation fidelity and
test point availability on troubleshcooting
behavior using actual equipment.
RESULTS
Probes and Time
At cthe time this ©paper was prepared,

analyses were completed for rhe FM Radio Second
IF Amplifier board only. Results for the other
boards will be repovted at 2 later date.

The primary measures cof effectiveness were
number of probes and time required to locate
the fault, Figure 4 exhibits the effects of
percent points available, fidelity and student
proficiency level on these two measures during
criterion tests on actual equipment.

Students tended to probe fewer times and
iocate the fault in less Cime when frained on
the board with 67% of the points accessible.

sheets to the school's learning supervisor for However, this difference was not statistically
grading. This step was repeated with an identi- significant. Students teaded to probe fewer
cal board and treatment condition, but a differ- times and locats the Ffault in lass Lime when
ent fault. When the learning supervisor trained on unmodified boards as opposed to 2D
80 |-
PSD
70 |- ;
/
60 |- 4
/0‘\ ,'0 'r
’
# Probes 50'-Q\ ; N - Q !
o ~ 4 \D o~ ~ * !
"""" ; > 2D
T © W2 0
ke b //
. R
30 *"\ g
Time (min.}
— 20 |-
10 |-
1 t I 4 - ; t I ; . L + t :
33% 67% 100% Cont. 2D 30 Cont. High Med. Low 33% s87% 100% Cont.
o ints
¢ Test Points Fidelity Proficiency % Test Points
Accessible Level Accessible

Figure 4 Probes and Time By Experimental Condition ~
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This differeace was not statis-
High proficiency students
located the fault in significantly less time
(p=0.056), ©but number of probes was not
significantly affected by proficiency.

and 3D boavds.
tically significant.

There significant interactien
(p=0.01) ©between fidelity of simulation and
percent points accessible during training oer
number of probes in testing. Students trained
on two-dimensional boards with 67% of the
points accessible had the fewest number of

probes in testing.

was a

Troubleshooting Success

student trouble-—
found no signif-
fault diagnosis

A Chi Square Analysis of
shooting success (see Table 2)
icant difference (p=0.17) in
success rate between students trained on fwo-
dimensional, three-dimgnsional and unmodified
boards. There was 2also no significant differ-
ence (p=0.39) betweea students trained on
unmodified boards and those trained with 33%,
67% and 100% test point accessibility,

Table 2

Fault Location Success Rate
By Board Type In Training

Correctk Correct
First Time First Time
Yes No Yes No
2p 15 10 33% 12 5
3D 11 16 67% 10 11
Control 4 3 100% 8 10
Control 4 3
Troubleshooting Logic
The specific points probed by students

during pezformance tests were analyzed in order
to provide guidance to eugineers in selecting
which points students are most likely to probe.
Analyses addressed troubleshooting logic and
characteristics of points probed.

The seguences of probes for each of the
performance tests were analyzed to determine
which ctroubleshpoting strategies were utilized
by the students. Results appear in Table 3.
Definitions of these strategies are:

Kalf-Split Testing the midpoint between
good and bad signal until
fault located

Linear I/0 Testing ocutput of each
circuit

Linear Testing components sequen=

Tracing tially until Ffaulty signal
found

Reliability Testing least reliable

Testing untested component
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Symptoma~  Testing based on equipment

tic symptoms

Random Mo logical sequence of tests

Combina- Use of two or more strategiles

tinon
Since the dominant strategy is random probes,
no rules can be vrecommended for selecting
active test opoints based on troubleshooting
strategy.

Table 3

Troubleshooting Strategies Utilized

Strategy Times Utilized
Half-split ' ' 1
Linear 1/0 - 6
Linear Traciag 2
Reliability Testing 5
Symptomatic 3
Random 25

Combination i8

An  analysis of charactevistics of the
printed circuit board components tested by
students was conducted in order to determine
whether the characteristics of components
affect the frequency with which they are
probed. Table 4 contains the results of this
analysis.

Table &

Test Point Probes
By Component Characteristics
Expacted Versus Observed Frequency

Charac— . Expected Observed  Differ-

teristic Type Probes Probes ence (%)

Elec— Input 201 125 -38

troniec

Locaticn Middle 160 210 +101
Qutput 297 346 +16
Other 3583 3509 -2

Elec— Input 498 458 ~8

cronic - )

Circuit Middle 100 201 +101

Locaticgn



Table 4
(Cont'd)
Test Point Probes
By Component Characteristics
Expected Versus Observed Frequency

Charac~— Expected Observed Differ-
teristic  Type Probes Probes ence (%)
Qutput 498 462 -7
Other 3085 3060 -.8
Physical Edge 1793 2025 +13
Location
Middle 297 514 +73
Other 2091 1642 =21
Size Large 698 970 +38
Small 3483 3211 =7

If students test components without vegard

te their characteristics, then the expected
proportion of probes associzted with each
component will be equal to the proportion of

test points associated with that type of compo-—
nent. A Chi Square Analysis of expected versus
observed probe frequency found the diffevences
to be significant (p > 0.0l) for all component
characteristics.

Studeats the board
circuitry as

test the midpoint in
the first step
technique, but they do not continue this proce-
dure wantil the faulty component is Iocated.
The board output is tested more often than the
input. The physical midpoint was near the
electronic midpoint and shows the same Crends.

Once 2 circuit on the board is suspected
¢f being faulzy, the student predominantly
probes the midpoint of the circuit, as opposed
to the input or output., Finally, students are
morve likely te test a large component than a
small one.

CONCLUS IONS

Basic electroniecs training ~om circuit

beards with reduced physical FEidelity and

reduced test point accessibility is equal te or

superior to training on unmodified actual

circuit boards. Studeats trained on two-—

dimensional boards with 2.75 times as many test’
points available as required had the best

aoverall troubleshooting  performance  during

testing.

Other than the winimum points specifically
required to detect a fault, the following
points should be accessible on a simulated

in a half-split’
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board:
Electronic Midpoint of Board
Board Qutputs
Electronic Midpoint of Circuit
Test Points Associated With Large
Components
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