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SECTIP J

IIVRUE LICI ION

The i c rease of i f ih l i  tar’ ! T 1 0 f l 7 - ’Wp ’ COStu  i N f i t  ont yOO t , combiner w i t h  tV
ac t th it  a; prox ilnate l y nol f of the er il isted pc- i rid ; ‘ rve for o i ly  coo

has resul ted in renewed focus on econo miz ino the avy s Ii i ’c t  t nh i r t r a l b i i f l O

co c 5 c .  t h is condi t ion has s t im u la t c i  s t ud ies  to examine rV ~ ~ias i b i1 i~ -i oi
shi ftin q a portion of resident , or schoolhouse , t r a i n i n g  to tri e oncoand e r v i ro n r on t .

ant ic ipated expansion of o t t - c ~~r’d tra in ~~ ha~ I i  ~~ S L tec an ev~ iuut ion
if t radi  t ional  and alternative ins t ruct  i ~rol ~el ivory cys tor t  1 ru t f~~~~ 5 ~ hi
unique requirements of the onboard environ n ent One of the nh .~~c t  ivf r 4 1 f lC

David .1 . Toy or Naval Ship Pesearch and f l c vo l op m e n t  Center I tO i i f  ) i o ~ al ; eu : h r i i c a l
Information Presentation Proa ram ( N1I P P) is to  e~ c~ ine orospec t i ve  nrdia wh ich
may be opt i mal ly suited for unhoard use . Thu T ra i n i n o  ~\n al;uit arud ,a~ ii a t i c u 1
Group (TAEG) ,  w i t h  TI ED son port , is a seusl O the technica l f eas i h i l i t  , c- c nnoi ’ ic
e f f i s iency,  and user acceptanc e of uadidate info rmati on de l ivery syste r s fo r
onboard training.

A cri ti cal requi i- e c ont in the shi boo r i  envi i-~ f lme i i is space e nary . Th is
has resulted in efforts to reduce the q o it i ty  of paper leou r u l e nt a t ion needed
in su;7port  of operations and mainten a nce. r- 1ic ragraph- ics hove emerqed as a v iable
sol 1t 1’n to this data storage problem. in t rio form o F microfiche , t ot ph-~ i cal
vol um e oF paper documentation can be reduced dra u tica l l y .

If the volume of instructional mater ia ls de ,t ined for sh ipboa r~ use is to
increase , commensurate min iatur izat ion of these mater ia ls seems i n e v i t a b ie .
To assess the feas ib i l i ty  of using microf iche for onboa rd Va in ing , th u t - i e f
of Naval Education and Trainin g (CNET) taske7 TDEG to ompir e the iso ~

f
microfiche with traditional ins tructional media.

A series of studies are concerned with this object ive . TOe in it ia l  i fThi t.
(TAil Report No. 35) evaluated human factors consider ations in selecti nc and /or
desi gn ing microfiche readers for tra ining. A second stud y (TACO Technical
Mennrandun i 77—2) compared the use of SO irid/ f iche audio !. I sna ’ p ro o r d l i s i- it  r
tr adi t iona i sound/sl ide programs . The aresent stud y OXl ’ i l  nec ‘he e ccci s on
learning of microfiche versus paper copy. Another study, current ly undr~wav ,
is ev- lu at ing the effectiveness of tr aininq nodules designed ‘~7u~ci f i c a l i v  for
the microfiche med ium and techniques for the efficient prod uct ion of micro fiche-
oa~cd instructional materials. It is envisaqed that this eva luatio n will he
run luc ted in both classroom and onboard environment s . Fi n o lly , a set of studies
~1 i H ho • onducted concerning human factors , learning ef~ I s . and ( n V !  i c o n 4 11
t i  t i ng using a hand —held , battery—powered microf ich e COr IO l - ~he : 0 ’ t d b b J l  i ;‘ed
Portable ‘licromed ia Display System (EPM[ ) . unich is cu r-i aim iv under deve lonn ient
at NSROC .

This total TAEG project will provide ~ISRDC and ENET w i t  0 ucnpr ’e hef ls ive
I~~i ltJ a Mon of microfiche — related hardware and so f t i~ure for potent  i ii  use in
oriboard as well as schoolhouse trainin u .

_______
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PURPOSE

[he pun-pose of this study was to evaluate the e n t e i  t i v e n i e s s  Ot  u s i n o

mi c -ut i che as the principal instructional mediu m in a ivy technical tri!T n j
environment. The use of microfiche versus tradit ional prper copy w a r  c o i p i r e .i
in terms of:

I . the effects of medium on time to complet e a course of instructi on -
and examination error rate

2. the effects of medium on trainin g as a function of trainee aptit ud e

3 . trainee attitudes concerning the use of microfiche

4. economic considerations of alte native media.

6
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SEC T iON Ii

~-1 V Oh

ST CP Y lI VI RO NMENT

The Basic Electricit y and Electronic s (EVE) School , Service School Co mman c .
Orlando , Flo r ida , served as the study tes t Eed. The BE S E chool EI rOVj Cet  stice nts
witn cne prerequisite trainin g for atte nda nce at more advanced and s pec ia l i 700
technical scnools. The school is comprised of t hree learning complexes ~.hiC r

acco mmodate approximate l y 90 t raine rs each. The lear inc com ple xes are ~ivi - ied
into learning centers o t  aoO ro~~~ia te iy  10 t ra i nees .  ° cb learn ing centor no t
a su ner - v iso r  who oversees the progress of t ra in in I ,  wh ic h is indiv i -nual i ze c ~nci
self—paced . In addit ion to ass i s t i n . Y:, derts wi oh t he i r  t ra in inc ,  the iea rr c i na
center supervisor serves as an i nt e r f a c e  wi th  the automated rec~-rcI t ~eepino
sys te m Kn Own 05 Compute rizec Managed l r t t n ~ct io n  ( C MI )  - V i r t ia l ly a l l  school -
related activ ities of each trainee are rccorded by inp u ts from the lea rning
center supervisor.

-iD~~t trainees complete 14 modules ” of instruction cove rina the furciar - enta ls
of ele tricity and el ectronics. A ppendix ~ contains this curriculu m outline .
Each trainee takes 18 module tests , and midpoint and final comprehensive exam inations ,
for a total of 20 segments of instruction . All tests rust be passed to a 100
percent criterion. Remedial training an u testinc are provided unt il the m astery
criterion is reached. Although the trai ninq modules are printed on offset
copy , all testing is done using micro fiche.

S :j B J [CT S

Tn irty male trainees at  the 3E &E School completed the 14-modul e cur r icu l um
using training materials republished as nicrof ic ne. They rcufl geu in age f r c - - IS
to 23 (median = 20) and were all recent g raduates of recruit t ra in in g .  Sul- ’ec t s
were selected from wi thin three menta l apt i tude o roups. For the pur~inses of
this study , mental aptitude was defined in terms of the combined w o rd kn ow lec qe
(~~K~ and arithmetic reasoning (AR) scales of the Armed Services Vocational
Apt i tude Pottery (ASVAB) .  An examination of recent h is to r ica l  data on 1 ,000
BE~E trainees revealed that the mean WK + AD score for th is grou p was 115 .7
with a standard deviation of 9.35. Based on this dist r ioution , three groi~ps often trainees were establ ished using the fol lowing aptitude criteria:

Hi gh - WK ÷ AR 125
Med ium — WK + AR = 111 — 121
Low - WK + AR 107

There was a between group separation of approximatel y .5 a to incre ase the dis-
tinction between aptitude categories .

A control group of 30 subjects was selected f ret ’  t hp pool of g raduat en o~ tne
E~~L School , Orlan do , durina the period of the study (September 1976 to ~arch1977). The experimental and control groups were matched on the ba sis oc combin e- I
WK + AR scores. Since the controls were select o at tri o completion of the st ud y,
they had no knowled ge of their role in q c n e ra t i n q  ex pe d ental data

.7
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~~~~~~ in  c~~T n  module crc divi d e c m t  th ree ‘.~~~t ie ilu: Ie - - s a n  n ’ m ~~~t i v e ,

- u~~ c ins~ ruction . and su ,nj ’a rv . In a dd i t i o n  to ‘ n -  moo len , c-n r i c~mon
ma t e r i a l s ’ are a v a i l a b l e  for t ra i ner  use. These r a t e r l a l s  a re in The f~-
additional readings and sound / sh oe proc - us - - - . T r a i n o ~~ have to e ~~t i t - n  ~f
a i v  or all of the instructional n ra tu r ia ls ;  new - von , C~ pe r ion t has sr - w - 5Md~
the e r r i c n - l e n t  mater ials are rarely used .

t h, - i-+ BEiE modules w er e rep~ hl iSr i~~. on tenci t i4 ’ ctan r t l C r t l i c r e , j r  m e
hI-; fruni e (7 rowS K 14 co l urns) l/ ?4 f lon ’m~ t .  A l l  f t  me of t 1 e r odul ( - -  we -

ore tnan 98 pages , requi ring r;ore than rune f i c he per module , i rc u l  tinn in a
tota l of 30 fiche . The fiche were i roduced so tha t  rio lesson apI s-a rea on more
than one fiche , eliminating the requirement to orange l ic he  is m id - lesson.

F E! !un~ ent of the modules aid d iche was identical wi th  one e A c e p t i o r - -
nuoul e page numbers were replaced with fiche a lpha ni rier ic f rame Jesiqn a tors
co er -es pond in to the 98 image ‘ort:,at. In the nrn-cra :nncefl instruct io n sect ions ,
branching direct ions were ed ited to include the appropriate alphanumeric ~rar-e
desi gnators .

[QU IPMCN T

A l l  tra inees (exoerimenta l and con~ r c l )  studied in locall y- fabr icated
learni n carrels . The ca r ’rei s used hi the eyneri ental aroup were equipped
wTt r dealist/ Van tage I m icrof icre readers 4- i t n  a 24 X lens. Fxperimenta l
trainees were also issued a Rea list /tant aqe I reane r for their  i n d i v i d u a l  uSC
in toe do rm itory .

Per 4 o r -s d nce rota on tra inees usic ~ ;“ icr m t ic h r- were anthe red over a
7 ‘o nt h :; - rj o d from September 1976 to -‘a r - rh ‘ 977 . There were from six to
ei gni ~ suo2ect s using microfiche at any given ti’ :ie , whi le  the remainder of the
t r a inees in the learning center used tradit ional paper copy mater i a l s .  As
subjects graduated , they were reclaced un t il toe desired total of 30 was
reac hed . The learning center su perv isor was instructed to give no s pecial
attent ion to the experimental trainees .

Subjects were q iven ap proxi mo t el  v one-hal f  hour of bri e~ inq on the purpose
of the study , use of the microf iche reader , and the forma t of the mic ro f iche
training modules All subjects received the caste  taped brie~ inci (appendi- 0)
and ;- -actice Fiche exercises under the suncr- ! is inn n t  the v ’ x p e r i r n t e r . They
were advised that dormitory study was tr~a l1 y discret i o nary an t  hat the extra
reader was assigned so as not to deny t h i t  option .

- p un comp let ion of the c e r i c u i u s . ‘!uO ie c ts  v / e t c  q i~ err  a S ruu tu ’od intCr4 iew
by the ~x pe rimenter to so l ic i t  re nuo n ce ’ reqarding ope raT io na l factors , m i c r o f i c h e
training modules , physical comfort . st dy habits , a t t i t o c i e c , and reconiren tion , .
Tne forma t for this interview is ii ap pendix C.

_ _ _ _ _ _ _ _ _  ~~ - -~~~~~ -~~~ -~ --
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DESIGN

Thirty exae r  i rr enta l and thi n’ty c01 Thui suh ,’~aots ‘,
~~, - notched on tns- is

of ASVAB scores represe nt i ro  high , r ie : i u r r , and lo~ apt i t ude levels . T h -  ~-~~ it tS
of medium (microf iche versus paper) , aptit u de (high , medium , and lüo) . an-a secmoeni t
of instruction (l — 20) on the d,’:e iu nt vari cu Ple , t i t l e to cri ten or , ~~c r

analyzed by a 2 X 3 X 20 factor ial  c e s i u m .  Ice V f e L t s of mcdiii;. ( r r ic re~ re
versus paper) and aptitude (high , medium , and low ) on a second de: c -naE r  .-an i ab le .
erro r rate , were analyzed by a 2 Y 3 factoria l cesi gn . Error rat3 w ds n P I n e d
as the combined number of errors on the mid point and final compre r-er sive to ts.
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SECTI ON III

RESULTS

Results in t n i s  sec t i on  are presnct r’~ in ter ms of t ime to cr iter on ,
errors , and inceu -v iew responses , respect ive l y .

TIME TO C RI T E R ION -- ’-T I CROF I CHE VERSUS PA P E R COPY

Mean times to complet e t h: ent i re El ~;E c u r r i cu lum using m ic ro f i che  and
paper copy are prese n ter; by apti tude cate gory in table 1.

TABLE 1. M EAT -I TIME TO ‘ s -YT O L E T E EV E C r : RDI CUL E T - ’ ( HOURS)

APTITUDE

HIGH MEDI UM LAM

Mean SD Mean SD Mean SA

MICROFICHE 113.45 23. 48 125.86 38.85 182.69 42.68

PAPE R COPY 
- - 

112.45 27 .48 145 .79 26.19 142.60 46 .41

Tne effects of segment of instruction , aptitude , aid rediu ;n on t i r e  to
cri ter ion were examined by a three—way ana l ys is  of var iance.  The ana l ysis
revealed a signif icant (p < .01 effect of apt i tude. In general , the lower
tne aptitude , the longer the time required to com plete the curriculum.

The performance of the low and medium aptitude groups usino paper copy
was essentiall y equivalent. The ‘limited ability of aptitude scores to pr edict
individual performance may account for this.

The overall effect of medium on performance was not si gnificant at the .05
level ; however , a signif icant (

~ < .02)  Interaction ( Medi um X A pt i t u f l e ) wa s
i - c u r i o .  A Neuman — Keuls (Winer , 1962) anal ysis indicated t ha t  under the condit i o n
of hnw aptitude , trainees using microfic he required a sioni ficantl y greater
umo r : t  cit time to comp i ete the curricul urn . It would appe ar trot table 1 tr ot
t r a ine rs  u’ ;ing microfiche performed better than the control aroup under the
ri ed iu r ; ati ti tude condition ; however , this difference was not s i a n i f i cant  dt
tne .05 l evel

A si an i fic a nt (~~< .Ol ) effect of seqrtent of instruction ( f i n u re  1) was
found . r rd i c at in c that so rae segments of inst r uct ion were ‘tor i d i f f icu l t
i.e . , riqu , r j  acre t ime) than others. E u  s is cons idered to be common

kr nwled ’ ,e a d  is an inherent cha ract r i s t r c  of the curr iculum . Three
Jr t e r u c  t i m— —M e : inns X Sec rrrr ent , A p s i  t i ,de X Seqment , and Mcdi liii X Apt i tude

. 1  r,t— - v ’rm not si qn i f ic ant at the .05 level .

11
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EXA M ! NAT ION ERRORS—— M cS(U jLrk .; RSUS r7 - PL ’- CUd ’~
To utiec t s of a pt i t ude  unO r C ~ , ’u , - on Lump ’ ’ - .‘ r  ~~~~~~ ‘ ‘ \ t lnuu ion -o r , ’- ,

(ñqur -e 2) ,~‘ r ’t’ ex ami ned oy a t ,- / L - ’.,u v O r a l  y e - i s n~ ,‘ u ! ’ l d f l c C ,  T h i s  r d 1  ~
considers-i t he  combined er -or-s or~ tne sr d;u nin i t ( i  ; : r ’ u’c e ’ . t ~~ , , ~~

( i nc rOr ’ I en t  ~2O) ex - - u min at ions .  A s i - r f l i~~ ic a r ’ t  (, .01 ) - ‘ t e c t  of a . t i t .~re
in id ica too that  nigner a r t i  tudC tOO i rs-n ’s : 3 1 - - ‘~ -we ’ e r r s - -s roan lower ~s- 00
ra i rices. Tr u e effect of -ca i u: ; an o toe  i nt e ra c t i n r r  ( A - t i  t ud e  X M e a l  

‘ 

not s i o nu i f i can t  at the .35 level .

EXPERIM ENTALS

CO NIROLS

T 1 1 ~~~~~~~~

22 — — -  —______ _____

/
20 __________ __________ 

/ 
__________

1 8 —
/

_ _  1

HIGH MEDIUIf LOW

APTi T UDE

r igure .1. Mean Combined E rr m rs 0 ~ ‘ u ’u’ rn ’ n i v ,  r x r c O n u t  inns

13
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IN T E RVIEW RESPONSES

At the conclusion of training , each mic r ’o~1che trainee vlii S i n t e r ’ v i c -w i - :  L~
the experimenter . The structure and content of tnu-  inte r -v iew’ can he f c u - j na in
appendix C. Frequency of response to interv iew questions is present er in  tO Di t ’
2 , by aptitude group. In general , interview responses ‘were positive , is  f a v o r
oh the micro f iche m edium. The data in table 2 are presented for in f o r mat ion .
only . No statistical analysis was performed on individ u al interview items ru
to the simi lar i ty of responses and the small number (10 )  in each group. Sect ion
IV contains a summary of trainee comments and reco u ’ n n ’enca t ions.

TABLE 2. I N T E RV I  ~ RES PON SE ERr POE

NO. OPERATIONAL FACTORS H N~ L

1 . Did you have any problems in selecting the Yes 0 0 C
correct microfiche module from the storage Nc 10 10 10
fol der?

2. Did you have any oroblems in loadi ng or Yes 0 0 0
unloading microf iche? Nc 10 10 10

3 . Did you have any problems locat ing the Yes 0 1 0
correct microfiche pages using the No 10 9 10
reader index?

4 . Did you nave any problems in focusing Yes 0 0 0
the microfiche reader lens? No 10 10 10

5. Did you experience any microfiche reader Yes 3 3 2
equipment fa i lures? No 7 7 S

MICROFICHE TRAINING MODULES
_ _ _

6. Was the leg ibility of the microfiche text Yes 9 10 10
adequate? No 1 0 0

7 . Was the legibil i ty of the microfiche Yes Q 8 10
illustrations adequate? No 1 2 0

8. Have you ever used programmed instruction Yes ~ 2 2
before? No 0 p 5

U. How often did you use the narrative sections ‘a ver 0 0 fl
of the modules? Spl Int fl 1) 0

O cc is in n al ly (1 0 0
E r c ’ : r , r - n  1 v 0 3 0
A lways  10 7 10

1 -
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TABLE 2. INTERVIEW PES PONSE FRE OU ENCI ES (continued)

NO . MICROFICHE TRAI N ING MODUL ES (continued) H ~~ L

3 10. rOw u f te n i  did you use the proc iramnied N -ve r  2 1 0
ins t i- uc t ion  sect ion of the modules ? Seldom 3 2 1

Occasionall y 0 3
[requent ly 4 3 2
Always 1 1 3

ii. row often did you use the summ ary Never 0 0 1
sections of the modules? cie ldom -1 0 3

Occasionall y 1 2 2
Frequently 3 2 2
Always 2 6 2

12. t O W  often did you use the enrichment Never 0 0 0
materials for the modules? Seldom 10 5 6

Occasionally 0 2 1
Frequentl y 0 0 3
Always 0 0 0

13. List trio sequence in which you typ ical ly  NPSE 3 6 5
used the narrative , programmed NSPE 5 3 1
instruction , summa ry, and enrichment NEPS 0 0 1

m aterials. NPES 0 0 3
NSE 2 1 0

PHYSICAL COMFORT

14. i-row uro c o eyestra in did you experience More 0 1 3
usirq microf iche compared to printed Less 3 3 3
paper?  Same 6 5 3

15. - :3w ; u c h  body fat ir lue did you Mpui•t . 1 2
experience using microfiche? Less P 5 3

Same 3 3 U

16. Did -/ou experience any problems y es 0 0 1
s nYt i nq  yo ur attent ion from the No 10 10 9
microf i c he reader to equipment or
a nswe r sheets?

1/  . , ~‘ r ’e to re any m ore distr actions ~ino Y u ’  1 2 i
rnicr nfi c r ir- compared to or rinted ;ua.e r  Nc U 0 7

~~

1 -
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TABLE 2. INTERV IEW RESPONSE FRE QUENCIES (cont inued)

NO. ST u DY HABITS 
- —  - 

H 
— 

M L

15 . Mere you able to study j ust as long at Yes 9 9 9
one s i t t ing using microfiche compared No 1 1 1
to books?

19. Mou ld you have studied differently Yes 7 7 7
using the printed nodules ? No 3 3 3

20. Were there any inconveniences using Yes 3 9 3
microfiche that you would not have No 7 1 7
experienced using the printed modules?

ATTITUDES

21. Have you used any kind of microfilm Yes 7 2 3
before? No 3 8 7

22. What was your attitude toward using Positive 5 7 6
microfiche when you began the BE&E Negat ive 1 0 1
course? No Opinion 1 3 3

23. Did your attitude toward using “ore °osi t ive 7 2 ~microfiche change after you had More Negat ive 0 2 2
worked wi th it for awhi le? No change 8 6 ~

74. Would you prefer to use microfiche Microf ich e 7 t~- 5
or books in a similar course using Books 2 2 3
programmed instruction? No Preference 1 2 2

RECOMMENDATIONS

Rh. M n at recommendations would you make for Made kecom . A ~ 5
‘I rs - ro v ing programmed instruction on Made No 6 6 5
mm n icro riche? Recoin .

OTHER (iOMMENTS -

Pc . is there anything e l s e  y ou wou ld  ‘like M u k  C r : ; ’  r r t s  5 3
i : ) corminent on that I haven ’ t asked Mode No 5 U 9
i a  about? C rat t n  t -

‘ 
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To oru I r u re  the overall atti tudes 0 the triree a ltitude cate qo rre s , n
ana ys is uf variance was performed on the nuu: her of pus m tiv e n - npnn ses ti ‘n;~
three ;roups to questions 1 , 2, 3, 4, 6, 7 , 14 , 15 . 17 , 12 , lq , 20. pt , - o r : ~r e
net positive value of 22/23. For this anal ysis , -u posit i v e reslnrr- -e wurs ciP~~ neC

ms one wnich ref lected favorabl y on the m nicr r ’ i che medi a - w ’ th rec ’ ard to o s - or - u-
tional factors, training modules, o ny s i c a l  comfort , stu d -v r ah i t s , and a t t i~ ,~des .
D i f f e r e n c e s  in numbers of positive responses (table ~

) ;cr css aptitude catoc ories
were not statistically significant.

TABLE 3. MEAN POS ITI V E R E SPONS ES T O INT E RV IEM OU E ST IONS

APT ITIJDE

HI GH MEDI UM LOW

12 .3 11 .4 11. 6

Max imum Pos s ib le = 15

17 / 1 5
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SLOt  Il -
, 1 ’ .

DISCIISS I IN

Ph El POP ~-t A N ~
‘ E

Th u t ’x Oe r imr ’ n ta l  resul ts  - a  ~C 5t  t o o t , -v - r o l l , t he e r’d”rr no di :  t - ;  ‘ n O: ,

in sunool :r r-r ;or ; ;a n(,C DO S et ’S uOS , 1 L L O  t ru  ice d  w ith n,in:rI ’ ic ’ , ’ and :
t n i  ‘ueO w tn traditional ~o em ’ co py .  - uow ev e r , t cc 78 e rcen t tar rfc rau arc  e
d i h’ eren t ia l betw een : t i r cse  ; o o t ’ , h r  low a p t i 5 u - u e  ~ruinrePs lay be C u u S C  or
000nert ’ . or reas on 1l~ d o u r l y  ev ident  hr ~L- n r a t a  , i - h ’  n i t rua fic h ’ trainoe~
in to IS ca t e c - : - r v  recuu i ro~ - ; r s -~ t ;” t iol lv umore time to nor ‘1 e t c  the curri nul

hhis r a y  Do ex ua la i n tec  ii; tor s o c f  d i f b u ’ r er:t ia l  ic’ a ; - t o t i 1 i ~~,. It in cot - ri on
to f ind the c r au r a t t e r i s t i c  a t  aic s - ti h il ity in : d e ti n a tion c o~ int ’l iaence. For
u ’x aulu ie , int ’ ii iqence h s  cs-er: , s - f i r ; e l as , “ ...qon eral ni’ ~ nt ; l  ~s - i i i t v , especia lly
the abi l it y to think rati - .uoily, use r cc ,o r v  urns - knowl edoc- , and adapt to new
si t uua t ions ‘ ( P- c yc hol  ogy ‘ 7 ~~— ‘“ ° , 1 ~~ 

- 

- P ven t that the ‘
~~~‘ I~ H Sc or r -s  used as

s-red i c t o r  v~ ri abl es in this si ud~’ ore ins-sri of intel 1 icience : Odsuru ’ , t. is
.ippdm ’en t from s : u r r s  on botn de s - e r - ru  it y r  a~les r u ’  and errors) ‘c t  int e ll i-
cjence is r ioted to , ;en - ’ h a r ’ ;aur ce in LE.sE u im l l n :q ;  i. e . ,  toe lionel’ t h e  3” tPE n
scorn’s , toe l over toe n iur r ’ t  r of errors ao l  t irre to cr i  ter ion. - he cci iv s i s of
va r i c os e  n’ - S u l  ts were f urthe r  s u p p o r t s - c  h-~ toe cou - rel at ion al  re ia t io ’ io h~ u s
be twee n the AS~AB score- s ,:n ’,d per formanc e . One lear- con °roln ,n t “N— u n res t Cor re l  a-
tions :etweOn ASVPnB scor es and per for :so nce cri ten d cure presented an tan To 3 .

TAD LE 3 . C OR EL LATI O N OF 05 ’JAo SCORES M ITH T I M E AN D ERP O RP-

~t ICROFIC H E -PAPER COPY

T:~t 1 10 C R I T E R n O N  - .6513 - .3~ l 1

1 EkEs - RH - .6463  - -

T~e -ci f f n ’ n ’~~ri t I n  I ~n- t orma nce of the ‘x ps - r  mien t il -m a d con m l  geMs s-s r a y  ne
to tnt ’ ada p t obi l ity comn iponen t ~ i;:t e l i i ’.ren ’cua . ‘Tho t is , when facec

wi th 3 flEW learninq situat: on , the low -~s’.A0 /u ;rjcro ~ icne ~r ineei- , ex peu ’ i en eo
Ii ic ..i ty in  ida :: t ing. In u s  i nab i l i t y  to a ucu pt  u p s - ed ; S  to- re a s o O t  l e , v e t
ccr;’~:int effec t bused an two observat ions: (1) the sub l e n t s in l au es i - i on did
not re, ,ort suc h d i f f i c u l t y  in tne iostt i-~ i n inu ci i n t e r v i e w -  m d  ( .2) d j f ’~~~r ’n ’n: r’s
in ~~~ oru ;uar ;ce scores (u r~’nw en nreatment qroups ) did not v - .n ’v uvs tern a ti . ul 1 v ;
i.e. , d i t t e r e r : :e - , did not ~1ii:u inish as t r a i n i ng  p i ’ o l r e s ’ u e : .

‘ i t i iO  ‘.upoflrt E rr thesi ’ n ’s-suits is sotufla in s - t v  i o - u s re’ e a r c h  dea l inca w u
mrui cn -on i c n . ncatt e: i st n ’u to (1969) ‘ o r i ac in; a on ’,r ’ a n aq t ’ xp & ’ r ic in-nt , . . .no ‘ :,ni, r : e n t c i
uhy o i a l or rnsy holoq ic -a l  harr iers  to the , :l li , ’cti on ot nui ~ : ‘Nnn - :i,s in the
e i,:u: . - r a l c j t n o r ;  0: in t o  n o r  ion th ,t  the s t i u n t  c u s l o m a r t l y  c o o  m Ien ’s it ho ’ ,U o ; v . ”
‘ O r ’  b - L t u n  - t - t t e  s t y  u s ’ I  ta i lt un - s t u m s - ’tits O S  nus ’ n ’ c t o .  ‘o i’~1 r i I n 1n ~~‘ O C , r S t ’ ’ r e
i t t  i to mr u i O  m d op’ . ‘ l i t ’  ‘ s-s in I I . ~t 0u y ‘— i i  i

n e - il ts ir idic ,rt i nt l  ncr (Ii L r e r - enu c n s  - n - . ’ - ’  u i c n -
~~ ic h - O ntO h~ u’ dra i rv  h , .,~- s -ee n

n ’ ’ ,’ r ’ tunl ra y ‘ udti y ( 1 ) / 1  ) and n ,m ,ius ’ ! it ,~ 971 ) -

a 

1~-~
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Ba luwi n iou da i l e y  (197 1 )  inve- ;t i qated  the e f t e t t s  01 :ricru : i n  ‘10- :0

pa ,e n ’ ~‘op—i u - - i raq pe rto r’uu ~m r ace scores onn i p ’ t O  O t  12 - o p t i t i . ’e ‘i, i l TS. I s u n o A i r ’
n c  0 r ,fl: 0-tl , 3 ,  subjects, true y f r o n d  t ou t  Is - i n n” - s~ i l l ’ - u-r e ’ 0 p e r t  F - S t SunS -

I 1VO1 ,’ m S - l i ’ s -  pape r ’ e ’p ’ ,’- - ; r d pn  f l t 0 - n’ l n , ’C td i iOn , t i s - nrC -S C f l t l  t r u t  Or , C o l
‘-.ytu bo l t r ans la t ion . The ~e d o t - . of t a c k s  a n t  an i te ir a l a r t  01 tIE ~E L rdinin q.

in a rep] ica t ion o t this stocy , 1”ausnic~ a nu Kot t eroa ten t c ( 1 9 : 1  ) coins-u red
A: r For - n e trcinu ’~es divi u e~ int o iri q h , u1 P O j r A : { 1 , m a d  low i’ ite l I igenc e gro u ;c ,
t i e r  rt ’c , l ts reflected the m’esult u of tn e  Gal u- -in o n :  E n  icy study u - i t t  - -. upe - r au r
pon ’ t r n ”,c mnce on two addit iona l tasks ~:;ing pu -s -er c o p y — — i e r i q t n  est imat ion and
t~b1e lao s - up.  It was found that the lowe r i n te l l i q e r nce  s-coup uris ad ve ’~ el y
~i t  r~ c t e - s- by the microf ic ne mode if ’ p re s ent a t ion .  The ; r - .-o ’r i nte lh i ’~c’ n’ n 0

mm ~Iper CO~~ I-o r t or-med better ’  tr i m ii crofi cne ms - J on t ;- ~~n i one cIChI n i o l m a  I
tusk- -a n i r ra t iv e m ’eadi ng exer c i  se . These i r ,t no rc  ;onr luded thdt , , , t r n c o e
d i f f e ren ce s suggest a possible limi tat ion for’ t r a in i muq a ppl ic i t iuni s ‘ or  so , iO f l t S
in in nuae r i n te l l igence groups using n i i cr oa ~m c t r e  c - i  - mont - ‘ T ta ~ i r - t p o r t ana ce  of
m i s  f inding is also apparem it from the resu l t s  nr~ t he Pr ~ n S t J O y .  The l a w
a l t  tude q ro ,p in this stud y represent s ap ’pn ’ox im a te ly  23-2 5 perce nt of O n e  di
s-c nool population. If this group re l iably aver aq es ‘26 percent to r t - t ra in ing
ti nmie using microfiche , the costs w i l l  be profound .

ATTITUDES

1n~ pastt na ininq interv iew was a e c i gned to so l i c i t  responses regardi nq
m ,p :’rt jonal factors, m ic rotiche tra in ’r r q  no d u le s ,  p h y s i c a l  comfort , Sta ct S

d tu- :es , and u ’ec iml uenaa tionS - In dUct I t i ’s - n to a nswe r- i nq d i rect  quest ions , the
t s  were encouraged to conmnm ent n r re l y  on aiuy topic relate c to the e x p er i ; - e ’ t -

T’;~ rc ,~,rs no no table trend in the unaso i :i t m :  remarks; however , conr~aaents code
tm i t ~i or more subjects are summarized and paraphrased ac foll ow s:

an index is needed a t the beginning of ea c t ;  - rodu le

i 11u~ 1ratio ns of test meter d ia ls  were i l l e c r i b l e

the reader parts had to be c leaned fme ,1 ; n a ! l t iv  to i O l f lt d l f l  t oe
quali ty of the projected image

the mimicrof iche med ium captured attention

• the reader’ fan noise was a distraction

study raa bi ts were l imited by the lack tn t reader e r t a t i l i

the prog rar nmmed instruct ion ques t  ions and ar , s wr r -  s - an . I d InC nrore
spatially separa ted

- the vert ica ’ , rec ’or tation 01’ the rea rer f o ci  l i t , r  too ‘,c )radany tnm, s
such as wr iti nq and performing o~ l c , ula t j , n ’ . .

s - n )

- - -  -~~ - — 
- - --

~~~~~~~~~~~~~~~~~
- 
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On ’ S n  Li ~ n I i’~ e re ’s s - na n ~~‘ SOc S ‘ l O P 0 ‘ 1 C O  a ~ n 0  i n  1 n i - i  -~~0 ~~i ” i ac - I
,,‘ l ’ ,,e to  I us a n ve~ t 11O t i o n , H in mi l i ”  ;io’- , t i v ’  r m , l t s  i n n ’  I nn C i -  ioc ur ’ ’nI -

m c i i ) !  ‘, t c 1n ” , ( ; s m n t i n ”~s t n -~t t e .  1 u(~c)~ s - P u  - - m i l c u  i ) h  s-i tt ’ , ,  10 71 ;  n - l e n
a n t  R i o . ’o , ° Th ;  s - i / co . 1~~~~~ ’ 7 )  j ’, ‘ ,‘ , - ‘ , m n I’ l u -  t in C o r e l - un I ron :, n i c  ~ V t , t , r n e

ts r  t i  m l  ‘u.n - 
C r c  t ana c u ’ au . ’ he n r ’ I - :  ii i n :  ‘ , , .  i n n  ii c r 1 1  coo as a n :

inS Ir ’~ C t  i r s - a r )  t el i c r ’s - c ys t s - ; ’ .
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S E C T I O N

COST f~NA L~~NES

T t n e  com par nti ’i e cost analyses prese nted in this section re~ Iec t e~. i st ing
and ‘a- :othetical media conf aqo rot ions c- nc - nr:pts Sir ap four BE&E traininr a facilities ——
‘ n ’ i a nu ,io , Ncr n t i s , Grea t Las - es , and San ’ Diego. d~ i l e  t h r— feasibility s-f usi raca

n: ; icrofic ra e - a r  E2~.E t raining was not to e focus of the s t T h~’ , the cost ~r ,a l , se s
are presented to illustrate the efficiency of an alternative instructional
del ivery syste i -: .

Cos ts  i l l ,s t r a o e u  are l im i ted to those s - i rec t l y  ‘elated to tne paper or
microf iche mediu m , as opposed to total  co s t s  of t raining. T ni s  l im i ta t ion
nnec essir m tes num erous assu mptions as well as caveats. These ground ru les are
described in terms of those ap plicable to all alternatives and those which are
a l te rna t i ve—spec i f i c .

GENERAL AS S 0N PT I-ONS

1 . Tota l PE,SE annual throu nhput , by rat ing , is based on C NET Repo r t
1 500.1’21 , ~or the period 30 September 1975 through 1 October 1976. Throu qhp t
is assLired to be 20,000 (rounded from 19 ,895) per year. The averaqe ‘ aA ” h-er -s-f
modules used per trainee across all ratings is 16.

2. The Planning Period is 10 years .

3. A d isco unt rate of 10 percent was used to comn ute Present Cost c-~ — - C O
a l te rna t i ve .  T~e discount rate is the interest rate used in c a ic u la t in c  r i e
present vs - l os- of expected yearl y costs and bene fits. It represents the
acc es - t-s --i price of m oney or tie interest rate currently obtainable on l - s - anans - le
funds. For exannp le , the present value i~

’ SlOP payable in 5 years can be defines
05 t i n s -  amount of money necessary to invest today in oraer to have $100 in
5 years.

Costs i l lustrated are nosed on cons tant dol lar ’s ;  i.e., costs have rot
been a- i ,justc d for inflation. If it is antic ipated that inflation will have
-
~ d int e n’enti al impact on the cost of the a l ternat ives , then adjustments s hould
he mari e w n e n costi nq a l ternat ives for future planning .

El . Ex is t i nar :  suppl ies of instruct ional mater ia ls  w i l l  be con s ur ed : ‘ ra or  tn i
One beg inn i ng - - the Planninci Period.

El . Toe rate 01 cor ’sj c l p t ion  o f instruct ioni l  mat e r~~m l s ‘ -ill va r- v as a
‘ unct ion of d i f f e re n t i a l  handling and f i sca l  a u s t e r i t y . Therefore . c o s t s  ac ross
a m m  e consu mp tion rates are ‘ill u stra t e t . t is tn r ’  ci :- rr ”ra l  tr act iCe ’
t~ -‘Is- Scnc ,oi s to reuse ir,s t r’uct ional  materi a ’n s severa l t i es .  - - nu-iever , t ” - cost
of n . s i - - : o nese so t r a r ia l s  onl y nna c ’ is incl , :ed , as t Hs is 1 c’ ’ :r ’,oni ‘n ode 1’;
“ t h o r  I,,u v -~ s c h o o l s .  Thi s  is not s u mr r : n ’ rc r , :  as an c i l ti’n ’r- - : t i c t ’  ‘nr PE ,~m ac trni r , is-
t rat inn , ra ’t , ’ - , it is i l l u s t r a t r t iI to e nable cost - comparisons where i n o a v i c u n a
t ra l n n ’ rs  a rw i rer int led to ~eep their ins t ruct ional  nio t~- r ’ u a l s .

23
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1. I!ft- n ’es - nni i ’ on i  ra t i o  of t.e~ t copies to t hm ’or iq r pim t r s  1:  t O .  t n’  n

art \ s-c ,. t s - ni to  1 (IS t .2 -s - i ons

K . r~ 10 p e r c e n t  bac~ u; n of instr u ct iona l n ’ : m t r ’ r i c t l s  an - n m- - t n  i s ‘ ‘ - n ’,

1:  ‘ n ; ; ipenn ’ -~~tc f s - i-  l oss on destruct ion S

-1 , Product ion c o s t s -  of  the o r iq in ’ u l  ,o -~- ‘ c~ i mn c ’ r . c t i n n a l  ;I’O- , -r ’I,- ; l s  i n ’ ’

e m ) n m i v a l e n t  across a l t e rn a t i v t ’~ . The n -:icrof ic~ e o r i a i n r l s  a r - c src o n r l cen t’ ’ - V i
and a m ’e costed separatel y .

10. s - u t - i n s -  l O t ’  f i r s t  v s - o r  01 p t ”  P la ni n ai n c ‘,‘ rj ed , ins tc , c n i o na l n n ’a t , - ’ i~~In
- v i i  1 t n t  ; n n ’oduced ir- 6- ; o n t O  suppl In” - to ,lt ‘ rx ’ r m ; rs - U , i t r~ r h o ra - ic s or ‘~~~

- ‘ “er t i 1  S t i n
o n ; t r ’ n r or p n intin i n t , ‘n:n b st i r uPntl v , mat e rials w a l l  be :‘~cnc 1uc ed in ~u 1 ‘ i c ic r ’,t

m ; nn an t i t v  t.o l a s t  1 yea n . T oe cost 01 u : , t , r t i n n ,a ma te r ia l s  across a l t E n - r a r ines is
issnr’:t t to Or ’ equiv a lent; howevem . it S i r O o  0 be nu led limi t ne m echanic ’-, o —

nipdat i n n  n i t  l s e t  c ra p ’ .’ and m f l i c r o f i c f l e  i n n ’  di ’ ’ n ’ rn ’n; t a nt i  mac , in no-c t , I n c - n - .2I~
n ’r, n r t  nu t  cos t s ,  roper up dat ing invol -.-es r - c t v p i n a n  s - i s t &’-n -s - m on to  r~n p r i na t i m r t i

. v i t t m  i r mt or - im cnidn nq es publ ished us en - n a t o  s t r n ’n f s  wh i ch  c t ” ’  s - t as ted  s -v r ’e :nd iv id,,a l
n’l non ’ . M n cr -Ct I coo up d~ t i  mi n t  i tniil cc- s r n - I  c inn of ou st en ’ s as wol 1 as Ct ~hot in-

‘ m ph i t i n t . Subs tan I I a 1 interim r nanges c a y  r e t  ci n -s - repuh ii sh i rig ci cr - r ~ che r~,o r ’c-
• “ ‘ t t u n ’ r r t ly as these changes cannot be ;rade mn lanual ly by the t r a inee .

11 . I ts - ra ce s l ice  regui red for pa s - e r ’  ; n:n dul es ctntl hac k up- ‘ ml c r -n f ic t’~er e aders is On s - )  ; valent.

LI. ~n l  school s will operate in t w o  enuul 1 v nr ;anne ~ 6-hou r c~a i f t  s !da v .  5
t O y s  ‘ .~ m ’OK , 50 weeks /year .

13 . The anniount of hon e study is est am ated to s-c 5 no r-c ent s--I total lru r ninq
t i m e .

1 -~ . The at  tn t i  on r ’ a te s  for tr ai noes ~S 
j ncm r’nic ,’o ’ I che and s - a n - n ’ ‘Cm ’ s  a r e

aS ’ , r ~ i mt ’ ,t to he er :uivalent . . :iowover , it a inaction ot t o  t n a i i u e  pou ’m r m l a ’ ion ‘ acts
n i l  f f i cmn l  t v  using mmmicro f iche , it may be rea’~,nin a h l e t o  assur e tim: I the i l i m i t  is - i n
r ’ dt n ’ for’ t h i s group will be somewhat i a i n t n n r r .

A! T HINA ’IV E A (Table 5)

t h i s  a l t e rna t i ve  r ’ e f le c ts  ox i s t i n c  BE S E t ra in inq - s i r , : : t u : - ’ r ’ co; ’ . ‘ c n ’ ill
ins t  rue t i  on and test i ng , subject ~o the ;n ’nen’a 1 a ssu r - rp t ions bm nve . — he , u ‘n o t

~n’ un :t i t ’ r’ is to reuse ins t r u t -t io n al mm t er -i il s app r- o sima t elv s-fl I irs-n,

A T E - I s - PT IVE B (Table 6)

I . This al tern at lye assunne - :  th a t a l l  P, s . I mast  r i o t  i~ r ,  1 n - n s t l f l q
‘ mu I n n ’  i a 1 s have been r’epuhl I shed a s ml c t ’~’ f i che .

2 . No usab le  micro f iche n -e ns -ens O n ’ 05 ‘ tOn? pr i n n  t o  ho ‘1 i n n - n  n;~ n ’ n ’ i f ld .

1~ A 10 penn n -mt  h o c t u s -  o~ n’ i c r r -Hc tnc  ‘n ’ r I m s is neq nr t ’ ’  ItO coi” :’e’n ’-ml l 0
ten th , n - ,, ’ ,ia nmni ;n ’ , 1 on in - _ ,I j flt p nl,inn ’n’ . -‘- 10 eo n- “ m t  har p i e n pn ’~~1 ’ c t  Ion : lo r i s - S  in

ml Sn ) m ’Os - , n 1 m i t  t o  urcnw nn imonla to f l tmc  uot ions i n  ,n ” - : ’  l it ’ .
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TA t II s-n ’ s - t i n t  .n ’- ,

ne s - s - a l i s t,’ ’~ im i t u n e  111  ii cn - m u m  reade r is used ‘ n o  i l l m s n r - u t i c n m  -an l v
I ;  nunt spec i t  ic i l  ls e nds - n-se a t on ’  t~ii s use . ‘t - ’J, ’ n ’ c s - i rons - m s - I  Inn’ and la i r - p  i i ’ e

I n ’s- i n s - n h  t imer s 5; n n ’ ;n  i i c u t i s - nn s .

S. - m n ’ s - L~~rO p r ic c s  ,r rn’ Gb- I ( ! u L n t i  t y  nun ’~ m us e s - uotI t i n n ; ’ , ,

A L TE R s- .’ tI n .’f C ( T He 7)

- m s i lt& ’i n u c t j ~~t’ a l s o  i S s s-’ , t~~~t BEl,\ n t n’ , m ! n ~~m uc is ac co m r nHi s nnn -’rt us ion ;
c i ,  ‘ ‘ 1  c!r e s - n t  ~~ ti r rat) ,nnl vt ’rse ert n c t s  n)n : t i ’ s - i  ni nu -

. 2 .  t l c r n n t i c l n n ~ ~‘t- ’ IOn’r ’5 i t’ ’ ;;nds-” Sv , i 1 i , m h i n -  Iii t t m -  s - , , m r acr , s n-n l os-n s t u d s  -

l it’ t n t  io 01 hence S t  mis - v  n ’e~~der ’s to av n’ r not- oni bo~n ’d (fl-flU) in; 1 :3 .

A s - T m  ks - A l  I’.’~ I) ( f a b l e  t t )

1. T h I s  u l t n ’ ” nd t iVe nc- i rs  id s - n ’ s ,~5 jrr s1 tu rn’ , ‘ rs t n nm , n lL ’ n n ;  s- o n - H I- i t - ’ ‘- i O m n n’ n ’,a i d
Di s p l a s -  ‘ y ç ;  e nnu ( ‘ ~N’I n) us ,n roposed Li; t i n t ’  Te n - i ;  nal :mt.n . 2 n n m s - n’nui tinn -

tn,n 1 5 m m ’ is issued ,i -s - s - n t cs-ic n- e ide r ’ vt - I on is l i s t ’s - s - u i ’ ci ass roo mii tn I rmi n r a ,  test -

I m m m i , a i rs - i s- r u in s l ims - v  -

1 “upon’ iss im u ’ s - t i n i r m  s- ’  t h i s  H tt ” nat ive is that  tn ’ u i n inq t nm ;, e is not
ex t en d er s-v us in s- n: r ci ’ Ln fi clne with the P 11 ’s - S reade r- .

DThCUS S 35 n,1[ COST ~1\AL YS dS

i Sons dC r ’ ,t5 n ol  te i’ i ’on ti v s - n  U O V  Its- ‘nude by t ’\ ,l f” if l at j n ’ nn of I he Total
, n r n ~5t~nV Cost ( a i s - l e s  U , U , 7 . S . n;c n m m ; ’ mi ’s - n ’S’ tahl~’ ~) .  Inn ’ snis - to ta l s cormn ’spol ’Lr
t o  di ~ter ’ent iii r ites  c f  amas t r c t ’t ional r n naat ’ria l con ;s n .’ n ” pt i i i , , It is a p s - o r o n t
Is - at Ira n ’ cost 1at a mn icr ’o ficl ;e-no sent im a s tn’ ,n c t ional do livs -r’s ’ cs- s tem to n’ U s - s E
I n s-i ininq t’,n ’uld he coils i n lm ’ rnb iy  s - n et t e r ’ I r a t ’  ‘u s - on ’ co ps - ’ , t i n t ’ cost  d if ’ er -e n ; t i n
i s g rea t l y  Ira ’ -, n ’ nac ed s -v inn’ a r id it ’on a i  I r r im n inc  t ime n ’n rnn irn ”nl fiat’ 30 ;‘e rcn ’nt o
t r ne t n-a inee ~‘s - s - U 1111  ~nn a and add a t I eon 1 t im ’s -n’ a l t  t no i S n ’,’’-- , I i n m ’ in n den Ia l  o - -
‘n cr s- st man ly  - f I r ;em n ’ o re n :n effects s - f  s -es- i  on; on t ;’ai ii r n  I i n n - , t O t ’ c o s t
us int ; cn j cno t ic mn e would be at least t w i c e  th u t ot ’ pap er c s - n

T he cos t  a l v , m ; : t a q e  of mn n i c n ’ o f :c he  S n ’ ; ” , s nu ; n ’ ’ n ’O , S becn ’r n ’s i ~n~~) i t s  inn
S i t u u , m t  iO ns nv ’ ;n ’n,’ large q n 1 a n n r i t i e s  of ~n ;’n t u ’ :. ti s - flal i c a t n m i m l s  u r n ’ n’h ” t’Ilil n ’ a ,

is i l l os tnu t en i  s-v com~’un i ra i s u bto t a ls  a. in tables 5 , 6 , ‘, and 0 , çny ’ l int ’  a .  I ’ m
e ~~~. Ini s co;n rpur’ a son : 15 only vol I ci , ns-we ’yer , w i t s  t t nn ’ o s ’ ,;;nr ei ion I nat no

s - Oc t  ion iii ’ I n n ’ t ra ins - n’ p0’s- i at ion is adverse ly affectn ’,; inc ad r;n ‘m ic ro f i c he .

‘ 1i n ’sn ’ n n ’sul t o  su ggest Hcton -c w a l c t a  st be ir is - nt ’s- n t  a ’ -  c o n s i d e r - i n c  I s - n
o’ m ic rofiche for onboar ’a tn - , i n inc ,. Th t o  nO tu re  o~

’ o n : - - , - ,nrd t ’ - ,-nj n :ns- is

s o s -  I n s - n t i n r , l n v i d u u l s  S t u d ’ s -  w h i l e  not can : WOtcir , nin e ; a e r ’ u , nnr n n ’ i coy o’ I r u i n i n g
is essent ial  lv :ero. Pu -e su n n iabl y,  n ;;c-s-er ’ore i ’iCn ’s-,lst’s ii ; Ili m ’ t o  n - ,n;’ , ,’ i n ’ t t ’ ~c Oon -s e in I n u t  n - c t  i in n -md v be d c C O f l~flOn t , I  lt ’ni wi t in miii n: i m ria l e , - n ’~ t er a m’eacl i os-sc .

n -oct en nai ’ t - on ’ iche rect ders -- iv he s i ’ s - n i  f a s - nn t  l v  n ’ ,’,1r,~ n\’ Ir ,1, ’ ,n r at n n n, l! - 1
In d in no m ’ r nv I ronmn ien n I. llae 3 t’i’lls r’e ,ndt ’ n’ s Pt ’: On ; a r t ’- n nn’ n ’d - - n n - I n n  is : 1 nJ r s - (n s n ’ t n t
,‘~~~i t ’t t n ’s- Ic  s - o s !  a1n n r’ t x a m r ; a t m ’ lv 513 0 s - l O i n . 11 i S  o m i t  n o i n ’ ‘ii t ‘t,ii ‘lt ’Sn ’ “n ’, n - am ’rs
w i l l  be s nun - o d so ng t r a im ne es , thereby  fun ’I m o m- n ’edui c i s - n t  t i , n - :nv , nn ’ n -  c e n t s  -

- -
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:- ‘enlia ps the most cogent considerat ion in the n n ;t n ou n ’s- Its-n i ni flg c m v i  m m :  - ‘ n t
is space reduction -- t raining time and hardware costs bel rig seconda t - y f cm c tn ’ -m ~ .
Cer ta i n l y, a large volu me of paper training :n iater ’ ia ls may be replaced s -v a
‘mindfu l of m mn icrof iche. However , whether or not the paper w nn i ld  be di op aced tmy
t ’equired microf iche readers shou ld be subject for invest igat ion in spec i f i c
Si tua tions.

26
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TABLE 9. SUMMARY - COST OF A L T E R N I \ T I V L S

*ALTERNAT IVES

TRAINING MATERIALS USED A B C D

a. 1 Time $3 ,486 ,979 $19 ,581 ,266 $1 ,413 ,208 $1 ,022 ,344

b. 10 Times 410 ,286 19 ,141 ,720 973 ,614 582 ,750

c. 15 Times 276 ,910 19 ,125 ,456 957 ,350 566 ,486

d. 20 Times 239 ,358 19 ,117 ,298 949 ,192 558 ,328

e. 25 Times 205 ,173 19 ,112 ,416 944 ,309 553 ,446

- Current practice using printed modules

B - Modules republished as microfiche

C — Modules republished as microfiche - no increase in training time

D - Modules republished as microfiche - PPMDS

al /32
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SECT I HS ‘j~

CONCLUSIONS AND RhC1l M t ~F N 3 A T I f l N S

The resu l t s  o’ th is  study su ppcr -t :indin s-s -s-f o,n n-li e r research eval ua ti o n ;
microf iche as an instructional medi a n’ . it ap ;rea n ’ ; that , for the m a j o r i t y  of
students found in a typical military technical t n - a i n i n q  envim onm en t , the use of
micro f iche  v i c e  paaer cony has no effect on learning. Tt ’-a inees  are ab le  tm
effectively use the microfiche equip ns -enn t with a n’:inirnu;’n amount of i ns t ruc t i on
and , in general , express favorable attitudes toward micr o”cne.

Ther e are two mm na ,ior considerations in usi nq m icrofiche s - id the  oninaan’v
instruction a mediu im r in Navy s c n o o l s .  T’ne f l OSt c r i t i c a l  cor ,s iderat ’ ion is the
makeup of the trainee pop ul at ion with respect to aptitude. There is ev idence
that l ower aptitude indiv iduals exoenience sonine diffiCu t’~’ in :  coon itive ly
extracting and/or retaining information usir m o 2iche. As this diff~cu1tv increases
tra ining time , AOB or throughput suffers accor dingl y . I -r i le this effect i- ’-a y he
translated into dollar costs , the total costs must reflect required end strenqth
and , ultimately, fleet readiness.

A second imnportant factor which must be exa nn a nrod in consider -inn the use of
;nicro ficne for training is consumpti on of instructional m aterials. n environ-
mni ents where trainees are ;en inn it te d to r-etain larqe Quantities of materia ls ,
un ’ int inq cost :, w i l l  be co n C - ider ab lv s- neater than if mater ia ls an-c reused . n
su cn i situ ations , media costs may be siqri fic ant l~ reduced by using rnicro iche.
Cost estimates for this factor are relativel y straightforwa rd .

~t is recommended that a thorough cost ana l ys is  be ;aen’form nied a’s the nrii nar y
step inn considerin o the feasibility of usinq microfiche for any spec i f i c  t ra in i r -q
situation . The cost analyses illu str ’ated in this stud y are ex am n s-a l es and -may
not include al l tne factors relevant to a different training context.

in fo - inact ion currentl y ava i lable enables objective decision ma~ in q mes -ar d ing
the use of microfiche for snor -e-based Navy schools. :mnw ” - v’ er , the onb oa r t
train I nm er ,vi ronment of2ers more coropi ox combinations and :r n ’ n ’ n ’ m ,uta t ions o~variables —— some not readil y quantifiable. Fom - ex amn uol e , i-then’ m ’ space ecoro: v is
mandator-i , dollar costs ma y become in siqn if’ icant. Wher e then ’e is a lib er ,j l
amoun t s-if t ir n Ie for training , adverse effects of the mediu m on trair ,inq time ‘may
be insiqn i ficant.

it is recommrended that the less tanqible variab les pe culiar to t r io
onhoand (srnipboard as well as onsite ) environ niient ins - Oxd nm’ i nmt ’nI ir, d e n a i l
c m s S n ” mS s -n r c tota l economi c impact of tra i ni no uS ina li re s- ’-’~s - m’~ ‘ni- i c - mn ’ ic ’s -n ’ i- cade
of inst ruct ion.

T he plannea re o l i c a t i on  of i ’s - is s t e m ,  Oy A i s -  uc inac I ; -  ‘ m m ~~ ’ ‘ w i l l  u j ’ e
further ino ir ;h t , rm ’;;ard ir;n; the c a s - a b i l i r i n’’ - rd I nn ,, i t , t io m s nit n~ is i’ ’,m d ’m .
However , i t  :‘ , rr’ com rni ’e rn ma ’ m t h a t  l’s-’ opI?I: ‘ , s - i -  t r imna t t n l y n’ ~~- n i u m t o m  ~~n I  s in s - I  ti ’s -
use to ex a i n n ine f ,,~c t o n ’ s  wh i o n  may he A f I ’ s - I s -  I I ’ this n ’ r n v i m c , ’ m: ’ n ’ m m l
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APPENDIX A

BE&E CURRI CULUM OUTLINE
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BE&E CURRI CULUM OUTLIN E

Module 1

Lesson I. Electricity and the Electron
II. Electron Movement
III. Current Flow
IV . Measurement of Current
V. The Ani’rmeter

Module 2

Lesson I. EMF from Chemical Act ion
II. Magnetism
III. Electromagnetic Induction
IV. AC Voltage
V. The Uses of AC and DC
V I .  Measuring Voltage

Module 3

Lesson I. Characteristics of Resistance
II. Res i s tors
III. Resistor Values
IV . Ohmmeters

Module 4

Lesson I. Measuring Current in a ~enies Circuit
II. Voltage in a Series Circuit
III . Using the Multimete r as a Voltmeter

Module 5

Lesson I. Voltage , Resistance , and Current
II. The OHM ’s Law Formula
III. Power
IV . In ternal Resistance
V. Troubleshooting Series Circuits

Module 6

Less on I. Rules for Voltage and Current
II. Rules for Resistance arid Power
III . Variat ional Anal ysis
IV. Troubleshooting Parallel Circuits
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BL&E CURRICUL UM OUTLI NE (continued )

‘I, lu Ic /

ni I - ~ol v i  mmg s -o in npl cx Ci m -cui ts
11 .  Vo l tage Reference
III. Vol tage Div iders

“l ,ndule N

Lesson 1. Electro m agnetism
II. Inductors and Flux Density
III. Inducing Vo l tage
IV .  Inductance and Induction

Mo,lui~ 9

Lesson i - ~i se and Decay of Current and Vol tage
II . LR Time Constant
III. Using Universal TC Chart
1V . Inductive Resistance
V.  Relat ionship in Inductive Ci rcu i ts
V I .  Phase Relat ionships

Module 10

Lesson I . Tra nsformer Construct ion
II. Transfor m er Theory and Operation
NI. Tum m i s and Vol tage Ratio
IV .  Power and Current
V . T ransforme r E f t i c ienc y

“,e nmni cond ij ctor Recti f iers

M~ u a It ’ 11

esson . The Ca ~~~ i ton
N . 1 h t u r ’ y of Ldp aci tance
III. T ot ul n ip ac itance
IV. RC Time Constant
V .  Capac i t i ve  Reactance
V I .  Phase and °ower Relat ionshi ps
VI I . Capaci tor  Des i gn ( ons idem -at ions

Modrnie 12

L, ’ ’ ’ , n ’ m r I. Vo l tage  urn  m n l s - 1 -, i i co in AC Ser ies L i m n  ui t s
II . ~~c ‘n 1 1 1 , 1 . 4  tat ions
II. h’~’c t a n g u 1a ’  m m md Polar Not~~ti oo

IV .  V an ’ mat  i no I Anal ys is o n ser ie ’, RL (‘ j ncnn t C
’

I,’ rn ’n ;uem nn . j D i s c r i m inat ion in RL C i m s -  n i t

V I .  Ser i es PC C i rcu i ts
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BE&E CURR ICULU i’1 OUTL INL (continued)

Modu le 13

Lesson I . Solv ing RLC Ci rcu i ts
II. Resonant Frequency in Series C i rcu i t s
III . Conditions of Series Resonance
IV . Experiments with Series Resonance

Module 14

Lesson I. Solving for Q uant i t ies in RL Paral le l  C i r cu i t s
II. Variati onal Analysis of RL Parallel Circuits
III . Parallel RC and RLC AC Ci rcu i ts
IV .  Paral le l  Resonance

V . Effect ive Resis tance in Para l le l  RL C i rcu i ts
VI . Parallel Resonance Experin iment

33 

~~‘ - -~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



TAEG Report Nin . 4s-

APPENDIX B

INSTRUCTIONS TO SUBJECTS

39



- --~~~~~
- ‘~~~~- - ~~~

TAEG ke~ u m s - ‘
~~~ - . -~~-~

INS~ RUCT ION~ TO S FBJ i I T -

A nien:is ion ha’, been made by the ‘, m i ’/ l s - u t  c s - n - a i i m  i r n - ,:’~~r s - i nm n~n i  ma’ n ’ n ia N
on n i i icn ’ o t i s - n ’ a  film instead of tnm u-:~jal : - - ‘ cS  a - i  pd -n m . in n ’ ~~O n u j o m  m t ’s -SOn S
t r i m n 1 5 i f l r~ s-n icn of ic nc a m - c g r e d t i v  rec ucos - Cos t a n n i  stora m ’ sp~~n- - t is s - 5 t l i f l d tCs -
t ou t  tom N~v ’~ can save cii 11 ions of d o l l a rs  no ma d  1 y s-1 going to  m~ c r o f i c i me . A
single m:m ic r ~oi ’ i m n e  film like you n’,- i  11 ~ ~

‘- In5 , n n  con s- a tm s- ; a ~ es of nfon- s - s - ic-n ,
and a stack toe s i:e of a snoebox could con ta in s- v ’ - ’ 200 , -s - J a s- a- an ’s of inf oni mi ati , -r .

Ihe s - ore of the Basic E lec t r i c i t y  a nd [ l e c t m u i m i c s  c mr i cu i u m c - m n m s i s s - s  of
14 modules of instruct ion.  Tn m ro ughout th ’ :se moa ules a n’ s - se c t ions  c a l l e d  pru t:
i mi s t  mo tion. in these sect ions you w i l l  s I , : y - a sns- im n n t 0n in f m :  -a s- n w  f r : l  I o,- e t
by ,m short,  sel f—a dm i ni stered quiz. t ri o via 11 be instr u cted Is- 01 is - n - s - n i l’ 1 ’

on to the next section or review the previous - sectio ’n , dep erid i na ; on how wel l
, - u  do in tne quiz. Pa ,e numbers of the - mi o dules have b ee n n rep laced n- n: b r;icn’c t m c ’- e
pi~~’ designators . consi sting of a letter and a number. ‘N inu t ’ , tc m m w i l l  m m , I-n

show ~Ou a sample microfiche which has examples of index ing i n s t m u s - t i o na s- , s1n - ~tfl is s-~st em.

This m icrufi cnie is a pno tographic miniature of 96 pn - inted :i~~’s . T her e
are 14 columns of m aqes , number ed 1 through 14 , left ta right. T ne n- e are
seven rows of pages, lettered A through G, top to bott om -i . Each page has a
letter and number designator. For example, page 83 w o u l d  be the second 1 m w

down and the third colu’- nn across.

In order to use the microfiche f i lm ,  a special mic ro f i che  reader , like i nn-
one in front of you , is required . To view the microfiche , the ready” is nSCs -
t o ”nd qm ; If y the microfiche pages and projec t them a m onto the v i ew ing  sc re e n .  Toe
instm us -tor will point out the main parts of the reader in front of y o u - - t o e  v I n w ’ fl L ,

screen , the lens , the microfiche carr ier , and the index.

To load the microf iche into the reader , pull the ca n - n - ic r  ts-a w u n ’ ,l ~ou , n ; t i i
the orper glass opens and the carrier stops. The g lass p la tes w i l l  ren ’rdi n open
for microf iche loading . Hold the microf iche in front of you so th s- tit le mm ;~~
be read. Insert the microfiche face down between the g l a s s  p la t e s  w i t h  the
title str ip closest to you. Place the microf iche al l the w o ;  to the hic~.
r ight -nand s ide of the car r ier .  Push the carrier in s-a’ close the uppe n q i a s s .

In s- index card Sel ow and to the left of the carrier contains tO” si-a ces
wh ich correspond to the mic :ofiche poqes . To f ind a d e s iq n a t o - t  m i c ’ o f i c n n C
pclge , m Oy s - the reference pointer attached to the carrier to ~mm e i s - s i m s - u  spa s - c
on the index card . This wi l l  approxima tely center the is - si r od m m m a crofiche pa ie .
Using the index pointer , find page A3.

A sha rp clea r image is achi eved by applying a s l i ght ‘ Is -win -, r’ ,i pres ’ ;m r t’
wn i le turning the lens focus ring . The reader may m’oc ’p r i  me n- c ’ f i s - 4 s i  m’s - nn ’ n ’ s - s -  i ,a 1 ly.
Ta ke time , now, to practice loading, unloading, and fs - ’ c r j s i ns -  Is - n  f i r s t  pn ’u c t i c n
r rmicrof i ,mne .
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‘i ns - n’s- are 96 exposed pages on each m ic ro f i che .  Each page rius a ln ’t’ nm r urn s-
numi mber ~ie~ iqnator at the top and either the word “CHI ) e m somnie i v a t m m r  i on ’-,,

is “Go to B3” near the center of the page. 1’~’hen the 1 n r s t r ’ : mc tor t m 1 s y rr u
to hes-in, load the samniple microfiche , find paqe A3 , focus , an d beqi a f o l l iw i  na g
the instruct ions.  The last  instruct ion on the micro f iche n - i l l  bring y o .  to a
page m arked CC END CC Then load the next sample mic rofiche , fir s - page A3 , focus ,
and begin following the instructions. The instructor will answer any qun”s~ ions
before you begin .

Tne purpose of this instruct ion was to fami l ia r i ze  as with the am ic ,’mm n’Ic he
in dexinq system and the reader that you will be using throughout the 8asic
E lec t r i c i t y  and Electronics curriculum. The inst rm j c t o r  w i l l  now shmw you an
sa mmmple of Module I in booklet and micro fiche formats. You will notice tra s-, m a t ’
onl y difference between the two is the page numberin g system . The i n s t r u c t o r

will answer any questions at this time .
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BE&E EXIT INTERVIEW

Nai nm e
L

Age

~ n~ In s-lasses contacts f a r  schoo l  w o r k ?

The purpose of this interview is to discuss your experience and op inions

concerni ng the use of microfi che in the BE&E course. This in format ion

wi l l  remain strictly confidenti al and will not become part of your ir -ilitary

records.

‘-+ 4
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OPERA TIO NAL FACTORS

1 .  Did you have any problems in se lect ing t he cor r ec t  micro f iche i’ c rl , le

from the storage folder? Yes No Explain ‘

2. Did you have any problems in loading or unloading microfiche? Yes

No Explain 
__________ _____ _____

3. Did you have any problems locating the correct iricrofiche pages using

the reader index? Yes No Exp lain

4. Did you have any problems in focusing the microfiche reader lens?

Yes No 
_____ 

Expla in

5. Did you exp erience any microfiche reader eq uipment failures? Yes

No Explain
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MI CROFICHE TRAINING MODULE S

6. Was the leg ibility of the microfiche text adequate? Yes

No Exp lain 
-_____________

7 . Was the leg ibility of the microfiche illustrations ade quate? Yes

No Ex p la i n _________—____ __________

8. Hav e you ever used programmed instruction before ? Yes No

9. How often did you use the narr ative sect ions of the modules?

Nev er Sel dom Occas i onall y 
_____ 

Frequently 
—~~~~~~~~ Always

10. How often did you use the programmed instruction sections of the

modu les? Never 
_____ 

Seldom 
_____ 

Occ asionally Fre quently

A lways

11 . How often did you use the surriniary sections of the nnodules? Never 
- -  ‘ -

Seldom 
_____ 

Occasionall y 
____- 

Frequently Always

12. How often did you use the enrichment materials for the nnod u les?

Never Seldom O ccasionally Fre quent i~’ Alwa y s
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13. List the sequence in which you ty p c i all y used the narrative, ; ro’ irarnnv~~d

instruction , sumary , and enrichment mater ials.

PHY SICAL COMFORT

14 . How much eyestrain did you experience usinq microfiche compared to

printed paper? More 
_____ 

Less Same Ex plain 
‘

15 . How much body fati gue did you experience us in q m ni crofiche compared to

pr inted paper? More 
_____ 

Less Same Explain

16. Did you experience any problems shiftin a your attention from the

microfiche reader to equipment or answer sheets? Yes No 
-

Ex p lain 
_____________________________

17 , ~iere there any more di stra ctions us in g mi cofiche compared to printed

paper? Yes No 
____ 

Explain 
‘
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STUDY HABITS

18. Were you able to study just as long at one sitting using microfiche

compare d to books? Yes 
_____ 

No 
_____ 

Ex p lai n 
____ ________________

19 . Would you have studied differently using the printed modules? Yes

_____ 
No 

_____ 
Ex p lain 

_____________________________________________

20. Were there any inconveniences using microfiche tha t you would not

have exper ienced using the printed modules? Yes 
—— No Ex pl ain

ATT I TUDE S

21 . Have you used any kind of microfilm before? Yes 
-~~~~~~~~~~~ No

Ex pl a in 
_________________________________ ________________

22. What was your atti tude toward usinn microfi che when you began the

BE&~ course ? Posi t ive 
_____ 

Negative No Opini o n
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23. Did your attitud e toward using micro fiche change - fter -~nm had

worked wi th it for awhile? More Positiv e More N e s - a t i v s -’

No Change

24. Would you prefer to use microfiche or books ‘in a s i n r il ~ r cour se

using pro grammed instruction? Microfiche Books No

Prefecen ce

RE COM MENDATION S

25. What recommendati ons would you make for im proving cr oqr amiw ed i ns t r in ,-

tion on microfiche? 
____________

OTHER COMMENTS

~6. Is there anythin g el se you would like to comment on that I haven ’ t

asked you about? 
__________________________
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