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| FOREWORD | I .
A A "‘r,;ﬁ
-The lnlfial impetus for +he prOJecf came from The Depufy Chief ¥

. - of Staff, Technical Training, Air Training Command. The work was
o conducfed under the geéneral supervision of Dr. Walter E. Driskill,
~ Chief, Occupational Survey Branch, USAF Occupational Measurement
. Cenfer Lackland Air Force Basga,. Texas. Mr. Hendrick W. Ruck.
confribufed significantly to the deyelopment of the instrument used
in the project. Lieutenant Karl A. Hickerson was responsible for , '

developing techniques for compu?er analysis and for subsequent studies. ~
related to the project. 3 ‘

. The resilts presenfedﬂin;fﬁis repérf are’ not definitive and should -
be reviewed only as examples’pf The'pofgn$1al.of the instrument.
- i o \
. Thomas J, 0'Connor, MaJor USAF ° .
Project Director '
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I ntroduction

In support of our primary mission, we frain thousands of people.
Some of the fost expensive training is in the field df electronics.
The Air Force alone has about 63,000 personnel Involved directly In

the electronic fields and, the cost of their tralning runs into the

LS

hundreds of millions of dollars. The Alr Tralning Command estimates
that Air Force electronic training costs about a half million dollars
per day. ” o

Until now, there has not been any rellable method of ldenflf?ing
precisely the amount of elecTron{é'TheOry needed to pe}form varlous
-jobs. As a result, to be on the safe side, we ¥ended Té/overfraln“

. - /
our persénnel., ‘The main purpose of this project Is to develop a
universal mode! to evaluate usage of baslc electronlc prlnclpres
training. | =
" The criterion used by the model to evaluate elecfrbnlc theory |

tralning Is a determination of the usefulness of the fralning

vlsJE-vis the performance of assigned tasks ln/ﬁhe various electronic
y ;

: v

career flelds. : . : /

It is Important to be able fo ldentlfy in a very specifl'c manner
those portlons of the electronics ftralning whlcH contribute most and
least to the performance of tasks. The Identiflcation of the relative,

merit of Jérious portions of electronlcs tralning has lhporfaﬁf °
. ’ 2 :

.implications: for managers In the areas of tralnikg, personnel

Y "
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, The Electronic Principles Inventory

-

General Background

The mode| developed In this project is called the Electronic

N M

. Prlngiples fhvenfory‘(EPl). The EPI or survey Is qifferenf from
the ‘usual task orlented survey In two maJor respects. First,
the EP| asks ftwo general questlions: What do you do and what
elettronic knowledge do you use In performing your Job? The usual
,task survey concenfréfe; on only one~qhesflon: What do you do? .

The second difference is that the EP| can be administered to anyone
« .

who works wlth elecffqnlcs. That Is, 11 Is general In nature, unlike

- *

the usual-survey, which Is almed at a single speclalty within a

LN
2 G
~

career fleld.
The EPI Is simllar to the usual survey In that, the data can be

anaiyzed using the Comprehenql&e Occupattonal Data Analysts Programs

)

(CODAP) . - .

N . « N . \

/- v . The EPI*cdntalns two sectionss. Sectlon one)ha
‘ N ) " . -

ground Information, such as rank, command, Job

the usual back-

=z
\

\tle) active mllitary 'f

b
“

. service time, etc. Sectlon two contalns the electronic iypé\quesfioqs.
.TW? content for the questions' was taken from the Keesler Alr Force

Base Baslc, Electronic Princlples Coufse, 3AQR30020~1. This course Is

r‘
the first #llitary electronies course taken by personnel [n .7
@, . \ )
N . : : . ‘
- . speclaltles within the“Air Force and has ‘a documented length, of -

¥

18 weeks. A few of the speclé%fiesgiklp some of fhe;}essons or

> al . ©
4 - . | . N
modules.’ The reason thejKeesler course contentiwas cposen to be %Le ‘
, ‘Al’ R )j . ,/< T} ) . &
! v o ,
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base -for formulating electronic questions was because it appeafs to
be one of the most extenslve |n terms of the depthi and breadth of - =

ekep*fonicsvmaTenial. |
. ) \ - ‘

A -typlcgl job description of an electronic specialty may include , . |

a general termiholpgy whlch uses such verbs as monitors, analyzes,

Pl

identlfies, Installs, maiﬁ?élns, troub leshoots, repairs, modl fles,

'allgns; Inspects, caflibrates, Isolates, etc. Two questions may be ot

asked. First, does the actlion verb mean the same thing for dlfferent

specialtles? Second, even If the action verb does mean the same
- [ - .

-
.

*

thing™ In a general sense for dlfferenT'speclal+les,'does each speclalty

. use electronlic knowledge on the same depth and breadTh dimension?
o /. .
The EPI results are Independent of how one would answer the above ’ '

< _ qué;+lons. That Is, the EPI asks quesTlong at such a basic lé&el
llfhat the datp ylj*uyleld'*he kind of Information one can use to make
decislions without sging affgc*ed by semantic énd communlcatton
problems that havé p;agued preylous attempts to deal with the complexlTY.
- ' : N

of electronlies tralning.

Brief Description of the Model . ) S L.

L o

In general, elecTrgﬁfég courses sstart with the stmple and >

s

A contlinualiy bulld toward the complex., That Is, baslc’componenTS

' such as reslistors, capacltors, etc. are Introduced #1rst and eVenTually ’
- , . .
they are combined to form such Items as power supplles or motors, .

&

« The folfowing example I1lustrates how fhe'EPt determines ‘the
® v

utlllzatliop -of electronic prlnc]ples training,

- | : - A

Al
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- ‘The Bkample is for motors only buf a comparab lersection Hés
b@ehbw}l++e? for reslsf&rs, capaclTérs,,diodes, frgnsi§+prs, etc. |
The section on motors starts by asking: Does your Job.lnvolve any
Tasks'deallkg wl?h-eifher élTérna+lng current or dlrect currént
moTo}s?' I ¥ the indlvlduél answers nb, he Is routed to the next
'section of the EPI. If the response is yes, +hejEP} seeks to
determine speclifically what tasks the Indlvl dual per}orms on motors.
The format Is as follows:- -

- Do you perform any of the fOIIOWqu tasks on ﬁo+oré?

.~

I. inSpeC'f' . * o o»\o ‘e * o o . . . e o s o E___J YES [___J N'o

2. troubleshoot down to componeﬁT parts . [__] YES C_JNo
3. ‘troubleshoot as far ag check]ng.wlre‘ ' o '
connections but do not troub leshoot
down to componént pérTS‘. oL JYes [ ] NO
4, clean or fubricate '« « v« ¢ v o o « o . C_J YES.[__J NO

5. 0perate v v v vt u u e e e e L_JYyes[_JnNo-

L : /
6. remové or replace complete motors . . . [ JYES [_ T NO

N P

: e . <
.7' remove or r?place mq*or parts Coge e [_TEyIQST:;J NO

— o s

“other (sfecity) . . . .. ... . ... [ JYES[_JNO R

8\ \
: . ,
. o, - . S,
] ) . !\\i\
. | 3
2 " £]

- ‘From an examination of the pattern of responses to the above tasks,
some obvlious assumR;lqgs about the level of electronic knowledge needed

fo do different tasks can be made. That Is, an Individual who removes
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)

or replaces. complete motors general’ly doesn't need to know as much

about motors as an Individual who Troubleghoofs down to component

-
»

parts. : , ’ -

The EPI| also seeks to determine if the individual performs

tasks on specific motor parts such as the field coll, armature, rotor,

brushes, stip rings, commutator or pole pieces: Sbbsequenf questions

ask whether the individual is involved in determining magnitudes

and directfons of torque and Induced voltages In motors, The final

set of questions on motors asks about the types of motors the \ -
Indiv!dua! works on (synchronous motor, IndJchon motor, etc.),

The complete défa on motors and all the o%her secfloﬁg are
analyzed to determine field util|zation of the eiectronic principles
training.

-

Administration of the Electronlc Principies Inyentory (EPI)

inltial Fleld Test

were sampled,

In order fo assess fhe unlyersallfy.of }he instrument, it was
decided to admlﬁls;er the Inventory to personnel In career flelds re-
quiring v;rloué amounts of elecTronlc'know!edge;’ Figure | glves
the speclalities {n the commuhlcaf!ons-elecfronlcs systems, mlsslle

electronics maintenance, and;avlonlcs systems careor flelds whlch

|

307X0  Telecommunications System Control
316XiL Misslie System Maintenance .

: 324X0  Precision Measuring Equipment (PMEL)
326X0  Avionlcs Aerospace Ground EqulpmenT (AGE)
328X3 Electronic Warfare SysTem : .

Figure I, The electronic sé%clalfles which were fleld tested,

- i

%]
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Another variable addressed in selecting the sample for the inltial
field ‘tests was Major Alr Command. Alrmen serving in the Strategic
Air Command, Tactlcal Alr-Command, and Aéfospace Defense Command were

surveyed. These three commands represent the bulk of USAF alrpower in

fhe contlinental United Stafe '

The" EP| was adminlstered fp small groups of airmen (N=200) by
project members at seven dlffggent locatlions throughout the United States.,
Average time needed to take the EP| was one and a half hours, &

Full-scale AdmlnlsTraTlon

L

Once the EP| has been revlewed and flnallzed iT wlll be admlnlsTered
worfidw1 de to all Electronic Warfare System personnel (AFSC 328X3) and
all Telecommunications Control Systems perionnel (AFSC 307X0) 1n the
Air Force. Preliminary data from the Initlal fleld test Indlcate that .

significant results regarding training and d%rsonnel-classlflcaflon

- <

~ can be found for these specialtlgs. It Is expected that the worldwlde
administration will take place In December, wl'th Inltlal data belng B .

available in March 1976. " - . ) o

Results and App,|ications

Since the results presénTed here are based on-a Iimited fleld
study, the emphaslis ln thls=section will be on poTenTlal appllications
- of The results of surveys using the Electronic Prlnclples Inventory

3

- (EP1).
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Electronic Principles data can impact meaningfully on several

.
.-

tion, and promoffon testing.

-

Technical Trainlng and Personnel Class|flcattor

Preliminary results indicate that personnel in dlfferent specialtiés

major functions which lnc!qu technical trainlng, personﬁel class! fica~

_use different amounts of electronlic principles theory in performing

their jobs., Figure 2 shows the average use ofoeJecfron!E principles

theory, which is indicative of the pfobablllfy of us
ihdlvidual within a specialty.  The range of average

to 51%. o S

FULL USE 1QO0

60 | - ' Z
USAGE ‘ ’
SCORE -
(PERCENT)
4o

‘20» | ~‘T-.~_\~‘X

e by any one

use |3 from 10% -

5
(

| . X\x g
NO USE O 1 L L L TR
324X0 326X0 . 328X3 316X1L 307X0

.

Figure 2. Average use of electronic theory by flye speciglties In the

Alr Force.
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Tralning organlzaf%bns, however, are more Interestedsin the fotal

use of electronic principles theory by‘all Individuals In the specialty.

The défa.shown In Figure 3-Indicate a range of total usage between: 14%

and 84%. ‘ ) _ ) . ( .
\ - . ‘
FULL USE 100 .. : _ “ ]
A . X .
80 _
OVERTRAINING
USAGE ,
SCORE 60 . .
(PERCENT) ' _ .
) : OVERTRAINING
40 o i
- + . x ) .
20 - 0 ' \ »
. .
No USE Ol

1 i 1 ] 2 1 44 :
324X0 326X0 328X3 316XIL - 307X0

Figufe 3. Total use of electronic theory by all Individuals In flve
Alr Force speclalties.

o

Theupdrcenf or area above the curve represenfs overfralnlng. That”
is, nobody In schIaITy 324X0 Indlcafed a uée for 16% of the electronic

prifciples fheory; 86% of the taught electroni¢ prlnclpﬂes theory Is nof
- . . . o .

~used by speclalty §O7XO personne|. Relating the data on the curve tfo




t

o

Y

The”menfa1 f ramework for analysis developed In Appendix A, one can see

~that the area below the curve represents the depth and breadth of electronl¢

principles knowledge used by the speclalties,
in support of.Th; conclusion that nobody uses the theory above the

curve, the specific Information (16%) that SpeclaITy 324%X0 does not use
was identified. The group of 324X0 SpeCIaIIST° ThaT writes The SpeCIaITy
Know ledge Test (SKT) waa asked questions abouT this information, They
Indicated no use of, famlliarity with, or relevance'fof such Information
in their JOb Yet, one gzh\go to some of the baslc‘elecfronlc courses
and fingd ThaT ap individual cannofknrogr ss through the course unless

he demonstrates his comprehension of sucs\Qprledge. Referring to the )
i mode!| developed In this project, It can be shown that much of thls

exftraneous course Information Is presented at a depth telow the level of

practical use, that Is, at the structure and process MICRO level (in

Appendix A), which generally Is of.fmporTance only to design englneers,

To further valldate the conclusion that Informatlon above the curve
» —_— ‘

represents overftraining, the extraneous Information 'was compared with

the ccurse material of an electrical englineerlng deparTmehR at the col lege

level . The»ggmpaflson Itself was made by the faculty of the college. ‘

They concluded that: "Only about 5% of -the extraneous informatlon 1%
\

[

taught heré [at the Insflfuflon] the rest Is physics Theorﬁ "

The data also indlcate that most of the knowledge is ¢umulafive
between specialties. Take, for exaﬁble, the knowledge‘uggd on‘The |
job by §O7XO personnel and compare It with the knowledge/used by

324X0. The 324X0 personnel use the same 14% of the knq@ledge which Is

,‘,.n- i

ey,




"used tz(y +he''307X0 personnel, and an. addlﬂonaJ 70%.

F|QUre 4 combines fhe +wo preV|ous curves'and g|ves an overVIew

of/fhe full |mpac+ of fhe data. . s Do N » .
o . Ay . . ¢
FULL USE. 1007 Top CURVE - USE OF THEORY: OF ALL xyn' 1
o A g BoTToM CURVE - AVERAii;Siz OF THEORY ‘.:,1
gf - X , ,
_ . _/ .
(Yﬁvh P ) Y
USAGE QVERTRAINING * ,
" SCORE €0 Co e, T
(PERCENT) L o
e V /"I :‘ ‘#. )
M VARIABILITY
A A
nouse 0L S - .
o X0 36X0 . - szsx;/ 316X1L 307%0
N S p
I ; :
! - . !
Figure 4. Total use and averége_usefof electronic ?heory.by five
" . 'specialties in the Air Forge d
01 ' ‘ . // ’ i 7 v . . ¢
"The data can be divided irfo the following categories;
|. The percent or aréa above thé top curve represents aver~ o
: [ a o _. - . : .
training wifhi:/gégh/§ﬁégfalfy. Lo ) : S
‘ 2. The perq§y4/or,area below the top curve represents’the total
~ usage made of electronic theory training within each speclalty. T TR
‘ L
- h ]




3. The percent or a?éé between the curves represents the degree
of variability of use'af;electronlc TFaInIng within. each. specialty.

Variability for each épecialty. is determined.by.subtracting the
- ‘ Py .

" appropriate value on the bottom cirve from the value on the top

L]

curve, This vaiue giges a difference or varlabillfy score whose

uTlllzaflon w11| be dIscussed shertiy.,
e

resents the

4. The percenf or area beiow the boTTom curye ri

obvious use for this information ‘i

R -
amounT of overlapplng of the uses of electronics Theovy be+ween R

speclaities, the esfabllshmenf of a hierarchy of speciaities based

* - s

on technical difficulty can proyide managers with data to make
decisions on determining the most equitable moves (forced or vprunfeer)

between specialties. For example, when one Speclalfy/needs to be

4

filled, the question arises: What other Specialfies'aFe the closest

L
.

i

in terms of use of electronic knowledge? ~Specifically, 1f vacancies
' ‘ . yas
. !

}‘ - . . . °
'in 326X0 existed, it would be more logical to move people into that
specialty' from 324X0 and 328X3 than from 307X0., f.It became necessiry . .
to fill 326X0 slofé'wifﬁ 307X0 personnei, a refresher basic electrontc

course wdﬁld‘seem;des}rab[e. On the ofher hand, if vacancies existed e v
n 307X0, any of'The}speciaITJeS | isted above 307X0 cbulﬁ easliy fill -

" the slots after an equipment orientation’,
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Table |

PercenT of Average Use and Tofal Use of Elecfronlc :

Principles Tralning by Flve A?r Force SpeC|alers

L , L
'SCa ,/ ' . Average use - '- Total use ~ Difference
_, 324)6 T 0,65 _ 83.96 . 33,31
326X0 * 30,18 77 43,98 12,80
A - . ’ : -
328X3° 20.18 © 5768 . 37350, -
o | I hy .
316XIL | 15.09 . 25.80 Lo
B07X0 10449 13,72

e

Nofe. Accordlng o Alr Force Manual 39—1, all speclalfles [isted requIre

} +he same mlnlmum eIecfronics score (801 for enfry Info fhe 5peclalfy.
‘;‘g L4 .
A

Ir-ForcT SpeC|al+y'Code

Aanher use for the data is-In the determinatiton of whether to

P . 4 . ~ P . |

combine or shredout various speclalties. For examp]e, a speclalfy ° |
|

with a high usage score and a high difference score is lndlcaflve of
a speclalty which uses a hlgh ]evel\of electrontc theory, anﬁ tn which |

groups"of Indlviduals within the speclalfy use dffferen* portions of
' ’ I . . v . L4
electronlc theory, Based on thls data, one would perhaps recommend a

shredout of the sﬁecialfy. _The da+a can also be used to glve managers

an indication of the amount of cross-training meeded By personnel within

a given specialty. : A low varlability or difference score tndlcates

that personnel in that specialty can be moved around easily. For

@

‘ .
. -
< o N ) \

-
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examp le, for-307XO, the .degree of variabil(fy within The-Speci7h}y
‘ . /

expressed‘as a difference score is 3. 23 ~ Compare this W|Th 33,31,
fhe d1fference score for 324X0. What Thls compar|son means is

. ThaT; based onlfhe use of elecfrgnic know ledge, perSOnne1 ln 307X0 C o
are compéraf}vely'easlfy cross—Tralned within the speclalty, whereas : _ - -
/ personnel in 324X0 are not., Thls conclusion has been parfrally verlfled

by Inferviewing 307X0 and 324X0 speclallsfs

This data could also be used as tnputs to elther of the following

.
1

deciélon processes: (|) .~ that whlch_anvolves a reduction-In-force
(RIF); 6) that which Involves who will be allowed to reenllst
“(selectlve reeniistment), Other things being equal, tt would make more -

. ‘ . ’ _ N
_ sense to retain those people with a hlgher experlence/level in S .

elecfronics. Hligh usage scores are Indlcative of a catreer fleld wlTh ' \\\‘

a hlgh experléﬁce level in elecTronlgé

.
v

Anofher appllcaTlon for The daTa shown In Table | relates to the

}
inlflal placement of personne[,in varlous speclalfies. Presanfly,

ajl the Ils+ed Speclalfies-gédulfe fﬁe same minimum elecfrancs score
“(80) for enfry Into the spectalty. The hierarchy of specialties
based on eietfronlc df;flCuITy glves program managers'opfions'sdch
..Thaf.fhéy could élace persons with hlgﬁer elqcfronfé ap+}fudes ln.i
the more glfffculf'eleéTronjc specialttes, For example, the 324X0 RS

(Precision Measuring Equlpment) spéclalfy could receive a . larger -

propofrtion of persons with higher electronic séones, Since the 324X0

personnel perform the critical callbration tasks for most of the
4 . d
electronic. equlpment used by all Alr Force speclalttes, the concept

appears sound,
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. lhpacf’én Interservice EIec*anGc Training

: t \ ’ R
n The model couid be usei/To initlate a f astiIITy sTudy for

deTerﬁﬁnIng +he extent to whlch electronic s eclalTies in each . - .

k4
»

: service overlap In thelr uSe of electronic fheory Based on Thls“

|nforma+|on, dgp*éxons c7ﬁld be made concernlhg Joln+ Tralnlng. £ " .

NN

joint fraining 1s lmpleMenTed, the mode! could be used to evaluate

continual ly and update/ the tralning program§, For those military
: /
,; .
speclaltles whoseAfralning it Is not advisable to combine, the
-mode| can, & a minimum, provlae Information on those portions of . .

electronic theory which are most used, least used, and not used.

'Speclfic Comments on Tfalnlng B . : . ‘

+

@

In genekal, elecTronic‘prfntlples'+r£lnbng'Is'broken Into a ¢
serles of dlscrete moduies, sectlions, or%leSSOn plans, A tpalnee
for & specific Air Force spectalty may be required to pass any subset

of these modules before belng aliowed to traln on the equipment he will

work with in the fleld. The EPl-has been constructed In such a manner

that Its sectlions éorrespond with the modules.

Thus, the data are

Table 2 tllustrates hdﬁmone

Immedlately usable by the training units,

.

could determine which iessons or modules of tralning are required by

fleid personnel to perform thelr jobs., The example Is for AFSC 328X3

(Electronlc Warfare SYsTems personnel); the last.column of numbers shows

the percent of each module which ts actually used In the flteld by all

a
ot

328X3. Further, fhe data can be broken down by commanc, as shown by

N




-

} the first anflsecond columns, which compare %frafeglc Air Command (SAL
, . . B - Y ‘;) o
N & : :

328x3 personnef with Tactical Air Command (TAC) 328X3 personnei. Th

data couid be broken down by any chosen variable, such as-time in //
) D ) e FNEA 7

- ! . '
service, grade, .etc. . o ; , //
W ;o

A

-Tag?e 2 .

®

Percent of Théory Used by SAC apd TAG~

fres
ki:‘.,

Electronic Warfare Systems Personnetji}ZSXB)-

rd

v Pl

Subject C L SAC TaC . A AND TAC
- 328X3 | seexs . 328X

D. C. and Vol'fage -4 a4 . 44 ‘
Malflmefer Uses 60, ' gb | 60 | 1
Meter Movemenfgr 75 75 - 75
Transformers - 37 47 s0

| Re lays e 50 - 50 50

g Ml crophones : 0 © 40 ' 40

| Speakers . - L, 0 ay 44

| wetors | L e o0 63 "

{ ‘ b .

Generators 23 0 , 23

o
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)  One can also compare usage of moduleé betweer

specialties, 3%§X3 Qnd BO]XO (TelecommunlcaTlon/rSysTem Control) take y

~

, Thersame course wlith mlnor variations, The klrsf column of numbers In

v Table 3 shows The percenT of Theory needed by 328X3 the second column
4 N
shows the percenT cf Theory needed by 307X0r qu third column shows

» The comb Ined need for theory by 307XO and BZBXBK\ The third column
/ of numbers gives an indlication of Thé overlap of Theory, and Thus Is

’. useful in mak;nngeclslons about comblning baslic elagffonit.courses.

5

«

The daTa Indicate that the 307XO personnel are not uslng‘any of the
ligted theory porTlons of their baslc electronic course beyond Speakers./
Althgugh this example Is from.llmlTed data collecflon,»fhe'resulfs are

- o "~ corroborated from the occupational survey done on AFSC 307X0 |

(AFPT 20—307-08I)-whlch,shows an exTrenely llmlTed‘baslc technical

_for 307X0 personnel, {n addition to the obylous conclusion

that 307X0 personnel are overtralned, other Inferences can ba made;
Flnsf, 1f the present couer for 307X0 personnel uere reduced tn scope,
1+ Is probable that fewer students would be ellmlnafed due to academlcs,
«Second, shorter courses mean qulicker uTlllzaTlon o; personnel In the
»fleld and reduced tralning costs, Thlird, persons, such as those Taklng N
the longer course required for 324X0 and who are ellmlnaTed for academlc
Teasons; could be considered for the 307Xb Speclalty, of.oThe; less

hY N \
demanding lin the electronic sense) specltaltles, ‘Thus, the time and

money already Invested In the person could be salvaged.

W



/ab'le 3 o ‘ ‘

Percent of Theory  Used by7 o |

- - 328X3 and 307X0 Personnel

Sub ject S 328X3  307X0 . 307%0 ’
S e . o and :
- - 328X3 .
D. C. and Voltage _ 44 33 ‘ 44 . . J
Multimeter Uses 60 60. 60
Meter Movements A 83 . 83 g
Jransformers >50 16 ' 53 - bi
Relays - o 50 0 . 50
Microphones B ‘ | 40 : |3 '; 40
Speakers S | - 44 3i ) 50
"Motors . | .63 -0 63-
Generators | 23 0 23
Di odes ' 45 : 0 © 45
Transistors ' o 59 0 ‘ - 59
Transls+or Ampliflers 8l 0 - '8l )
Electron Tubes ’ ‘ 38 0 38
- Power Supplies | 787 o 0 78
- Sa%urable,ReacTors‘and » ‘ . o
Magnetic Ampliflers 6 0 ' 6
Synchro—Servé Systems 0 0 0 )
Transmission Lines 56 - o 56




\ o . _ - Table 3 (Continued),
4 i : ]

i i . . [

| Subject .- . o omex3 30 7X0 307%0
L ’ and
328X3

Antennas . 65 0 65

AM Systems . . : 91 o - - 9]

™ Systems ’ ‘ 91" 0 91
Single Sideband Systems 90 0 90

Af a more r‘eflned‘ level of data reductlon, the EP| gives a

hlérarchy of percent res;p_on-dlng yes to ‘specl-fic EP| statements, .

Figure 5 shows those items in the EPI to wﬁ‘lch 50% to 60% of the _

: @g_ 328X3 sample r&.’ponded yes. The items shown reflect the actual field
\\ ’pse of the material faugh’r or fhaf(whlch should be faughf In the

basil'c electronic course,

DO YOU WORK WITH DIODES ON YOUR PRESENT J0B?
DO YOU REFER TO OR NEED TO HAVE A KNOWLEDGE -OF:

Hﬂw T0 REPLACE DIODES ON A CIRCUIT BOARD?
- ) HOH TO REPLACE DIODES ON A CHASSIS?

DO YOU REFER TO OR USE:

TRANSISTOR SCHEMATIC SYHBOLS"
g )} TRANSISTOR SUBSTITUTION INFORMATION?

DO YOU WORK WITH TRANSISTOR AMPLIFIERS ON voun PRESENT J0B? N

FIGURE 5. REPRESENTATIVE ITEMS TO WHICH 50% TO 603, oF THE .
ELECTRONIC WARFARE SYSTEMS PERSONNEL RESPONDED YES.

- [,:’;b H - )
SR ' 72D
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On the other hand, Figure 6 shows those items which are taught in

the basic course and which nobody in the field uses.

. DO YOU REFER TO:

NUMBER OF ELECTRONS IN A PARTICULAR SHELL OR ORBIT?
ATOMIC NUMBER? -

CONDUCTION BAND IN SEMICONDUCTOR MATERIALS? ,
N ACCEPTOR IMPURITY IN SEMICONDUCTORS? x
\ : DO YOU USE QR REFER IO THE TRANSISTOR GAIN GAMMA?
o -DO YOU CALCULATE THE FOLLOWING TRANSISTOR GAINS:

ALPHA?
GAMMA?

D0A¥OHIEQEREﬁ§.%Eﬁpg&ﬁ}bﬁEggERAilNG POINT (@) Oé A TRANSISTOR

DO_YOU US TO THE ELECTRON TUBE PARAMETER CALLED AC
PN g3 TO HE ELECRON TUBE PARETER CALED
DO YOU CALCULATE AC PLATE RESISTANCE?

.~ FIGURE 6. REPRESENTATIVE ITEMS IN THE EPI TO WHICH NOBODY IN THE SAMPLE OF
' '328X3 RESPONDED YES. ~ «

» —

At present, we have |ittle or no Information about the utillzation
of basic electronic theory for Individuals or gfoups over time within
any given specialty. The curves shown In Figure 7 demonstrate another

application of the EPI data. The curves represent hypofheflcal usage
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. 1%1 \
CAse A - HiGH ELECTRONIC 'USAGE DURING 1ST ENLISTMENT

USAGE Case B - Low ELECTRONIC USAGE DURING 1ST ENLISTMENT

SCORE | .
(PERCENT) .

h - 12 3 :
YEARS IN SPECIALTY -

4

Figure 7. Two h§pofhefical usage curves for a given speclalty over a
20 year perlod. A :

for two possible cases. For Case A, use of elgcfronic theory Is high In
the flr$+ four years; fhus'implylﬁg the needvfor a rather extensive basic
electronic course Immedlafely after enllsfmeﬁf. Case B 1llustrates a low
Initlal usage for the first few years, with accelerated usage after the

four §ear polnt. SinCe many milltary personnel depart the service after

their Inltlal enlistment, 1t might be worthwhile, for Case B, to delay

extenslve theory tralning unti| after the Indlvidual reenllsfs;




Reléfed to Trainlng; another use‘¥or“fhevEPI dafé is in the
determination of what should be.taught in a new course. In the
hypothetical ca;e of a new electronics specialty, a.ménager gould
have the-writers of the technical and matntenarce manuals fill ouT’f\\\\ . -
the EPI. The resulting da+a could be used to form the core fof the new
course, o . ,

The data from the EPIi can alsé be used as a basls for InTérachon
between the train}ng ménagers and the using agencles; tt is not }
uncommon for the using agencles to request that the tralning people
reevéluaTe'TheIr basic electronic courSes; Such requests may’sTaTe:

S

"G‘ive your s%udenfs more theory" or conversely, "Give your students
1955 Theofy." épeclflcafly uhéfmls meant by such general words as
theory, baslcs, principles or ﬁuﬁdahenfals Is not usualiy clearly
-defined, Even less clear is the task of identlfying which porfion of the
. . theory .course Is to be taught more, or whlchrportlon Is to be'TaughT ‘
less., Thé mode| developed In this project, when applied by the
fraining managers, Is able fo Identify in a very speéjflc manner the
most field-relevant and the least fteid—reIeVanT informa+ionaln the
training coufse. leewlge, the results from the EPI will enable the
using agenclies to levy more realiéfic tralning requirements oh the

training programs.

Promot!on Tesflng , - .

Speélalfy,knowledge Tests (SKTs) are used In the Alr Force as one |

factor in the alrmen promotion system. These tests tpadlitionally are
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composed of basic elecTronlc theory quesTlons as well as speclfic

eqU|pmenT quesflons for each of the elecTronlc specialties. At present,
there ls no hard data on which portions of the baslc electronic theory
apply most ¢9 a given speclalty. EPI data can provfde éuidel[nes for
estabiishing speciflc sets of knowiedge |tems which may be used %or

know iedge tests for given spectalfie;, and. thus éupporT or lncrease
present test vaiidity, Within the same speclalty, the EPI |s able to
determine which baslic elecTroﬁ}c questions are the mqsf\equlfable to
ask. For e%ample, refer back to Table 2, whlch comparesMSAC and TAC:

- electronlic warfare specialfsfs (328X3), From Table 2 it can be seen that
SAC 328X3 pgrsaﬁnei do not work with microphones and speakers, while

TAC personnel do not work wlth motors and generators., Eagh group

woulid be at @ disadvantage If asked questions about ttemg they do not
work wiTh.l In addition to the selection of the most equlTahle‘TesT,
items, for ? speClalty, the EPI also glves the testing people an

*

indication of the risks invoived In the testing procedure by not

having certaln commands rebresenTed when the tests are belng constructed.

¢

One of the lmpilcaflons of establlishing sefs of theory questlions
which are job reievant for speclalfies would be to have a pénel of
electronic theory experts develop an Iftem bank of electronic theory
test items for all electronics speciajfles. Speclallists céuld then
select ‘Items from the Item bank for thelr own speclalty, thus reducing
their workioad, ‘since they would only have to develop equlpment fest;’

EJ

|Tems The bank wouid be of such a size Tha* any possibie compromises

« : .
A @

- “,"
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of a Tes{ could be haridled by switch to a new set of basic
%giecfréﬂ}c principles ques%ions. . ‘ . ) ' ’ - \

Since the SKTs are made py groups of personnel on temporary duty

L

6 v - .
status, a reduced workload can be interpreted in ferms of money saved.

Conclusion
LY

) \\ | The Electronic Principles Inventory (EPI) represents a major

contribution In the Identification of the type of electronic tralning
] <& . s -

needed to perform any job., It is general In nafuré and Thus can be
N administered to.anyone who works wlth electronics, regardless of the
K 1eve] of involvement (malntenance, operations, Tralnlng, etc,),

The data from the EPI :can be used:

Yo © I. By fralning organlzations to evaluate exlisting programsm?nd'

to make decislons abwut the organization of new programs,

n

- 2. By managers Interested In the feasibl ity of combining training

programs., : ’ b

-
°

3. By fleld organizaflons to evaluate the utilization of training
and fc deTermfne what Is needed lé'+erm§ of deflclenclgs.

4. By people who work on personnei classiflcation sYsTems tq
determine optimum utllization of manpower between and within speclalrle;

5. By testing personnel to determine which portions of the

electronic theory relate to actual utilization, -
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-Wheoreflcal Foundations of Thé»ElecTronlcs Prinéiples lnvenTory A B T
ln -order fo evaluaTe an’ already exnsflng basic eIecTronlcs course S Aﬂ

or To establish a new course one is faced wnTh questions involving

the "what! angd "how much" of elecTron+csf In order to glscuss these

o / ‘ I

.Thlngs the hypothetical consTrucTs of depTh,:bfeaaTh,‘sTrucTure, o

LS . » " -« :
_ , , : o . , .
process and product have been devised, foenfimés, it is not a matter

. . . -

of teaching or of noT'TeachIng something;. if is a matter of the aégree

a4

or the_level at which something should be taught.

The Depth Dimensidn of Electronics

o

. - - : - [ .
Perhaps the best way o talk about the depth dimension of °

elecTron|cs is. by way of |IlusTraTIon. ResiSTors will be used & the

Y

' lnsTrumenT of. dIscussnon, since mosT persons have some'idea of what

reslsTorS are and do. In dealing with resistors the follownng quesflons

demonsfrafe The levels of The depth dimenslon }, : ", o

I Should the person working W|Th ‘resistors have the- general

'knowledge Thaf most reslistors show a decrease tnﬁeffICIency wﬁ‘y

i ‘ ‘ ]y~ N
|ncr§asing heaT 07; ' ‘ AT '

1

2, Should The‘perSOh'Work?ng with resistors have the specific

krow ledge that the resistor he Is working with has a 10% loss.of
efficiency for 5% increase in tempepature wifhfnja specified °

dberafing range or; . °

3, <Should the person working with resistors have a «now ledge S v

~ v

of how To compute or,derive the equaT|on upoq which the informafion

) .
in two (2) above was based? . S R T ~ ot




.~ we have the complete assembiy, such as a power supply or oscillator,

. y

.The monitoring, troubleshooting, e*c.,»of,elécfronfcs? Question one

- . ~ . . . .
. . . - u&' R e ey
vt v e = PO . v P clemllt 4. %
. . N : ' LY .

. The issue is: - At what level of electronics 'should the person

be concerned with? That is, what Is the ievel of knowledge used in, ) -

“deals with The.MACRO level of the depth dimension and quesfions two

and three deal W|Th The MPCRO leve| of the depth- dImensIon.“

The Bread+h Dlmenslon of Elecfronlcs

- " There is a finite number of components , subassemblies</§nd assemb|les

in electronics. That is, we have components such as rasistors, capacitors -y,
) ! .

-inductors, diodes, transistors, tubes, etc, We'hsve subassemblies which

¢

. use Fesisfors, capacltors, Inductars, diodés, T?ans}sfors, tubes, etc., e
b h *

P 4 o -

in various combination of parallel and series clrcuit elements. Then -

I

: b, A ,
which usual.ly intludes. a number of subassemblies, The fewer the

 number of cohponenfs,'subassemblies and assemb | ies one has to deal w}fh,

' ke

~

the smaller his breadth dimension of electronics,- P

The Structure, Product, and Process of Electronics .

The depfh and bréadfh dimensions of electronics provide a partial

framework W|+h|n\whlch it is possible, to organize i deas abouf electronics.
To complefe the framework “the sTrucTure, producf and process of
elec+ron|cs will be discussed.

Al elecfronlc Items have thSIcal characfer|s+ics (sfrucfure)

such as slze, color, ‘type of maferial efc. Likewlse, elecfrdnic

A

items have Input and output producfs.‘ For example, a signal gqes into

(3

an ampiifler at a specified ]eVéI of 1nput and coﬁes out at a higher

tos . ~

L . .

- 4 i o | ) ,,98




level of output. "In general, electronic personnel are interested=in

deTerminihg i-f the .input, output, or both are within acceptable levels,
This is true for moanorlng, analyzing, froubleshooilng, repalrlng,
allgnlng, calibrating, 1soIaT|ng, eTc. Herein lies The cenfral
question: What alecTrOnlc knowledge Is used In performing those
funcflons (moanorlné, analyzing, eTc )? - . . -

On The other hand, the process of4elécfﬁonrc5-has to do Wifh

*whaT |s happenlng to the $tructure from Tlme of nPu producT until ~ -

time of output producT Figure A'demonstrates the relatlionship

L. 4

beTween sTruchne, product and process;

.Figure A shows a Traﬁslsfor%g;b(lfier whose structure comsists of
the cépacifor Cg, the reslstors Rp and‘RLcand the Transisfor.ol, Tﬁef'
CUrrenT (_EEHI producT) is 50 mlcroamperes QPA) and the ampllfied

output product is 2 mlllramperes (mA), The process.whlch |s occurring

inslde The Translsfor is showﬁ In the graph aT the lower right of The ° " .
figure, _The lnformaTlon on thls figure will be used shortly to demonsTraTe .
somé major points, : p ; -

@
- - . . -

Synthesis -« " . o , . :
' The depth, bread?h sTrucTure product and process f electronics '
" Wi}l now be combined ln such a manner as to provide a useful framework

for organlzung or evaluaTlng bas!c’bIecTronlcngracnlng,
’ 1

e
The monlforlng,;analyzlng, Treubleshooflng, or whaTever else is -

*" done. In electronics, regresenfs some aspect of checklng a glven Input

?

'»producf, output produéT, or both, The-following Juestions provide the

basic underpinnings for the syntheslis, . e r | .

3
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v ‘ " STRUCTURE Cg.Rp.RL.Q|
. PROCESS
! PRODUGT INPUT, OUTPUT

3 . Figure A. A transistor amplifier circult. .
p - _ .
I, Durlng the moniforfng, analyzing, Troubleshooflng, eTc., of T
elecfronic components, how much.depth informafion abouT +he sfrucfure ’
" of comEonen?s is used7 , . ‘ I o
. 2, Durlng the monlforlng, anaIyZIng,'+roubleshoo+lng, etc., of “'4 . ‘
, < electrofic comEonenfs how much depth |nforma+Ion about The BroCess
" 90|ng on inside the components f{s used? | o ‘ o .
. %. During the mpnlforing, analyzing, Troubl?shooffng, etc., of ’ ‘K n’
electronic subQ§sem6IIes, how much depth Information about the N \‘? ‘
: structure of the subassem?lles lg used? ‘ o - ‘ :.'
° E— ' A : 30- - Y

we o\




i

. elsctronic assemblies, how much depth Information about the” structure

. 30 .
4, During +He'ﬁbnl+orlng, analyzing, +roubleshoo+ing, e}c., of
electronic subassémb]les, how'much depth lnformaTlonLabOUT the
‘Erocess going on inside the subassemblies Is used? "
5. Duriﬁé the moniforiég, analyzlng, troubleshooting, etc., of
, vooe ’\ |

of the agsemblies Is used? Cew ™

6. During “the monitoring, analyzing, Troubléshoo+lng, etc,, of

4

elecTrbnic assemblles how much depth InformaTlon about the process

-

90|ng on Inslde the assemblies Is ugsed?
The six questions 1lsted above seem repeT[*lye .and tndeed they

are. - However, since they form the core of the EP| framework, they

-
L]

are well worth emphasizing., ~ | .

.|t would appear loglcal that a person who menitors meters would

" answer the six questions generated abqve in a dlfferenTAfaéhlon.fromJé

- 4
3

: ' = '
peréon who repalrs meTers or*from & person who uses meters as an

'analyTAcal tool for. +roubleshoo+|ng down to component parts. tf In

fact, The paTtern of answers ls quite different for the persons per—

'formlng the three func+lons (moanorlng, repalrlng, or using te

troub leshoot to componen+ parts), then Is I+ noT Iog}cal to ask lf thelr
tralning in baslc electronics should be on.a dl fferent scale? The
initial flﬁdlngs of thls projecT are that Tgé patterns of respéﬁses
arellndeed wldely varled be+ween career flelds and specialtles;

yet, the trajning In many cases Is slmllar. Another }llusTpa+lon

of the same polnt could be made by gliying the ldentical

-
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set of electronic-use questions to two persons employed by a television

reﬁaﬁr shop. In this hypothetical example, let one person be responsible

for picking up the television set or for removing major components, such

5 P -

“as the power supply. Let the second person be responsible for repairing

-the faulty components:in the shop. Should both be required to recelve

extensive training Inm electronic principles? Thls example'has In fact
real counterparts in some of our military electronic flelds .and in the

electronjc principles training assoclated -with those flelds. The

.problem has been In belng able to Identify the "what" and "how. much" of

electronic tralining actually used by each electronic speclalty. The

EPI Is able to jdentify the "what" and the "how much" in a precise

manner for each speclalty.

An ExampLé”UsIngkfhé Synthesls

5

. | one wants to write statements which can be used to analyze and

-
-

“ evaluate an already exlisting basic electronic Tralnlng program, or 1f

one wénfs to ln]Tlé}e a new tralming program, the same approachléan be
employed. Figure A will| be usga agaln to 1llustrate how the Synthesis
works. Take Tﬁe case wheré there should be an output but Therg Isn't
one. “The Individual would Be troub’leshooting for the cause.

The components are CC"BD’ RL’ and QI' which are the capacltor,

the resistors and the transistor respectively, THRe flrst set of

quesfioﬁg (refer to question ‘| “under Synthesis) Is concerned with

how much one has to know about the structure of ‘the components in’

order to troubleshoot. Certainly, for +roubleshooting one must be

B X



ablé to dIsTlnguish between q:, ﬁb, RL and QI based on physical

characTerisTlcs'such.as slzé, color,”shape, etc., (the MACRO ]evel).
- Does one negd Tovknow'fhlngs Ebou% the MICRO level of the, structure

of the components, such aS'Tﬁg type of materlials the components are J
constructed from? At a s%il& lower MICRO level, does oﬁe need to know -
about the atomic structure of the maTeriaI (humber of neuf;ons, brofons,

»

electrons, etc,)? Lt ¢

The next set of questions (refer, to question 2 under Synthesis)

has to do wlth how much one hds to kno; about the process golingon Inside
the components In order to froubleshoot. FPor Troubleéhooflng, one
should know that the translstor QI acts as a varlable resistor and -
that It has a forward and reverse blas (The MACRO level), Does one R '
'need To know :thlngs about the MICRO level of the process of thg
“fransistor, such as the flovement of mi- ortty ¢é~maJorl+y caPPlers?

, At a stlll lower MICRO level, does one need to know about energy level

dlagrams which describe barrier height and ﬂ!dfh} Using this second

set of questions, the same statements could be applled to the capacitor

and to the resl§fors.

-

As has been done above, a set of questlons coula be éenerafeg from
questions % 4, 5 and 6 IlsTed'unde}\synThesls.
All the questions or statements used In ThFSfeéémplevhaVe been - |
_applled fo the case of someone froubleshooting a transistor ampliftler, .
.Even for this case of someons actual I} touching the components

(assuming troib leshooting Involves "hénds‘on" malntenance), many of

-

a v - bb“

Elil(;, | >;:%23 ' | : S | ; ' o
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. r

the MICRO &tatements developed for structure and process do not apply.

How much less appllicablllty do these questions and statements have fdr

someone who dees not touch components, such as for a-person who

>

monltors or operates electronlc equlpment?

A

) " ;
Conclusion : < .

The Electronic Principles Inventory developéd In this project

analyzed-tne electronic principles course content using the Synthesls

. 'l
described above as a mental framework for developing a sef of

approximately 600 statemdnts whlch would determine actual use of

-

- eléctfronic principles In the fleld,

- | 33,




