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~~~~~~~~ ~ ~~~~~~~~~~~~~~~~ 0! rc~ c 1 a~ ‘1i~~’.’ ( i - r.,1r,IAr,s,~

~i€~ cl an.  Vir ;caid forrrulas) .ind cv, cer tual l evrl (CT.) t (  T’Cr fOy~~~J~C,’

or s t w ~” nu~
-.r- t  u~n ’ cnnt ,, i ned r t hc or e ’h~r.t- rarer r C~ i,T~~c~ (TP’CC )

h u l l  ,. ~nter . ince ‘lechni ci~t~, 3,.2 , .‘WFD’2R/~ 0151 C ~-.-orr ’ .~ra1 vz”d .

sarp les  of study question s,  a nonerror samnle and an Error ~~ nb ,

were dra~-r Frop” U - i s  ~fl~C( .  ‘“he result’; sho~.’ t ’~—~1 ‘eadaH ] i t”  ~et ’’or ’r

th Lonerror  and t~t v ~ error sai’~~les , or between th~ textual  nassac”~s

associated ~i tL th se saxq-bes , does not d i f f e r  si gn i f i c an t l y .  The

results do ~~~~~ ~‘owever , that the concentual level (th i n k i n~ ) r~ouire~

to ar~m-er the stud y questions i s  ro1~ t& to error rate . That i~~, } iah

error rate study ouestions are associated ~ ith hir iher concertual leve3s

than are zero error rate study questions. ‘~ethods are presented for

unit’; h iq ’r and low CL study questions to iiiiprove the trainiriq effective-

nesr of ‘:‘~cCs. Thp recommendation is made that retention of ~iq’-~ and

low conceptual level study questions be analyzed 1-’ecause pr eviemc

research has indicated th.,t better learr,inq and menory may he associated

~. i th  s tun - ’  r”J( ;st ior,s that are higi ’ly conceptual. “he recor ’nendatlon is

am ’, i ta&le that  the relationship between N~~ C perforriance and ver~-al

int~’1l i i i . t ce (measured throuq ’~ the General classification ~‘est) ~‘o

dCt Cfl~~i1~C.~ ‘ecause ver~~1 intelligence is most l ikely i nvolved in

perforuir~ w~11 on highl y conceptual study questions. In addi t ion ,

re.ada~- Uit~’ formulas should he develc~n~d to inc l ude concentual level ac

a factcr in det er mj r in a  readinc aradc levels. The inclusion of a

conc -r tual  level factor in readability formulas could improve the

v a l i r ’l ’ v of  these formulas.

1
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3.0 ptmposr- . This report presents a p r e l im i n a ry  ~na 1ysis of the

relationship between performance on study questions which t;rre

adri inistcred routinely in conjunction with a current  navy ?-lor-, -I es ident

Car eer course (~‘P.CC) and the readab i l i ty  of the ~‘ate Trainino ?-anua l

( !~T~;) passages froti  which these study questions were t& en.  In

add it ion , the association l etween stud y quc~ tion performance ard the

readab il i ty of the stud y cuestiors will  be deterr ’ined , as well ar

the relat ionship Let ’~ieen study question performance and the conceptual

level recuired to answer the questions correctly usincr the information

provided in the associated 1T’- paEsaqe .  The data and interpretat ions

found in th is  rencrt ray be useful to the Chief of ‘~ava1 Pducation and

Trainina Support and others within and outside the laval Fducatlon and

raining Coraia rxl in developing and 1r~plementinq policies and procedures

to r a k e  reading materials  and nonresidential instruction more useful

to the consumer .

4 . C  ~~c~Gr~ot ’ND . A nui;~ber of recent reports (references 1, 2 , .,  and

4) have d emonstrated tha t a substantial d i f ference  may exist between

the readability of Navy written materials and the reading skills of the

~ravy personnel who are required to read these materials in order to per-

form well or to advance in rate.  T~eadability of wri t ten materials  is

measured by a variety of formulas which are highly intercorrelated and

which arc purported to measur e the level of reading d i f f icu l ty  in terms

of the average grade level of education which ~~ u1d be required to

comprehend the textual information. This average education level is

referred to as F ead inri Grade Level (RGL) .

3



Tr: res!’onse to the ahove firid jna;~ the recommendation has been

madc (OP•-099 sneedletter ¶)~)1!./550 of 13 ? arch 1974) that the T’qi ,5

of ;~avy t r a in i ng  anc technica l mate r i a l s  shoul d he reduced in order

to irnrove occupational nerfornance and advancement oppor tuni t ies  aronct

‘“ava l nersonnel . Later recommendations (reference 1) cautioned aaai rs t

ar l-it ra ry  lowerino of FGLs, and stated that while  the formulas which

are used to measure Pr,Ls ray he u se fu l  in monitorino the overall readiro

d i f f i c u l t y  of writ ten materials, the val id i ty  of these forrul-~s in

r1easur ir~ accurately the reading comprehension of ~avv enlisted personnel

for ‘-~avv technical and training materials  has not been estab lished

satisfactorily. (1~n extensive discussion of the validity rrobler s

associa~-cd with these formulas is provided in reference 5 . )  Ina~ such

as most of these formulas determine 1~ Ls using sein e cor~ination of

average sentence length, ni.unl—er of syllables per word, and the frequency

with which words are used in conir~ni forms of writinq , the noss~hi litv

exists that writers could use shorter sentences, reduce the conple~:itv

of words, and use more frequent or common words and still write material

which is difficult to comprehend . In addition , little has beer done

either among military or civilian organizations to show that conscientious

use of these parameters (shorter sentences, less comple:~ words, and

more conuso n words) results in Unproved comprehension or performance .

Although the ~ir Force (reference 6) has d emonstrated that reductions

in the Tutouated Peadahility Irde~ (J’RI) for a technical manua l

significantly improved performanc e on an assoc iated mu ]t ip le— c boice

test, these findings must be interpreted with caut ion. ~‘he a)sence of

pre- and post --rcvislon sarplec , and the f a i l u re  !-(‘ h-ave c,’~rie nced

4
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cdi t o r i~~l ~~y ‘~~~~y 
~
- conpaz- v content and r t v l c  charact  e i  rt ic” ~~ ”

thc two r anuals , leave op~ r thc is~;i~~il it v  th at  r o d i f ir a (  j Q~~r i r -  con—

te nt and s t” le  ( i r ~ a d d i t i n z i  to reduced T:( L s)  i.Iay account. ~or t )~

nerforrance ii tnr over er~ts whi ch were o~ served . The i’dvice found in

~rotessiona l writing nuj dcs (references 7 ar .d R ) ,  an  well  ar tw r

r~~coz ’~ rndations i ade by r esearch ers (r eferences 1 and ( ) ) , would

in d i c - d t e  that T GLs, while  ir portant to total rn ad in q  cor.~prehc;~~i c n ,

5i*’uiu r~~t b -  ~~-p1 ’asizeu to the exclusion of content and style.

-
. i rni-ler tha t ~ar ignored in the idove ~‘ir Force research , and

that i n  n ’t cr  ic’norwd by wri ters as well as those who are resnonsi~~1e

for using wr i t t en .  ia tcr ials in t r a in ing , is the relat ionship )-;etween

test questions and the tertual material which nrovicles the information

necessary to answer these guestions . Little is  known about the

relationsh ip of itei.~ error rate to (a)  the readability (RG,Ls) of the

r iuest iors , and ( t )  the e:~tent to w h i ch  nuestiors dup licate  the textual

r a ter ial ( i .  P .~~ d i f f e r e n c e s  in error rates between verbatim cuestions

and those nu c st i o ns  which recuire the reader to conceptually orqanize

or th ink  about t i e  wri t ten information in order to provide a correct

a n sw er ) .  T h e  1~~ssi1 i l ity  exists tha t comprehension , as measured by

test cuestionc , is not related solely to the reada}’ilitv and style of

the textual material , hut is related as well to the readability of the

test questions and to the conceptual level required to answer the

cuestions correctly. Previous find ings (references q and 10) have

indicated that the stud y question techniaue used in Navy NPCC conr~ es ,

in wh i c h  the test oucst inns (referred to as “ study ouestions ) are

used to quide a reader through the !~TMs , ma” not be training effect ive.

5
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T~~i s tec~ nioue 1iav e i ne f fec t ive  for r et en t ion  of th e  t ertual

ir t f o r r a t i or .  which answers the study questions and for learnine

textua l in fo rm a t ion  which is incidental  to those questions. The

results found in reference 10 show further that error rates among stud y

:ucr-t.ions appear to I c  related to the extent  to whic~ t h e  reader rust

(a) searc~ for the answer in the ETH, and (h) integrate several

different tYpes of inforriatioil in answerine the cuestion. The fin ct i nt-’s

in reference 9, however , may not he valid for May”  use because of the

&tall sample size, the hiah reading skill level of the subjects , and

inadenuate research de~ ian arid statistics, while reference lfl used

bicrhil y subject ive techniques to j udg e the textual factors that were

re l a t ed  to error rates among the study questions.

The following data wer e collected in order to determine if error

rates for NRCC study iuestions are related s iqni f icant lv  to (a)  the

r e a d ab i l i t y  (Pr~I s )  of the textual r it a rial s  (~ TM s) which contain the

answers to these ouestions , (b )  the PCLs of the stud y questions, and

(c)  the extent to which the RTN information must be integrated and

orqanized conceptually by the reader in order to answer the ~tudv

cuestions.

5.0 r~E ’rhIODF. The following subj ects , procedures , and statistical

techniques were used in collecting and analyzing the present data .

5.1 Subj ects. The subject group consisted of 30 Navy personnel 2

who submitted answer sheets in  order to obtain credit  for the rrcc

entit led “Nul l  Haintenance Technician 3&2 ’ (I~~iT 3~. 2 ) .  The }f l’~T’ ~~~~

course was used because (a) this course was judged by several

experienced Navy writers to be we] l wr i t ten
3

, (b)  the  H” (Hull6



Technician) ritin c was judoel to he a f a i r l y  representative havv

r a t i n g , and (c) ruc ’~ of the  data had already been submitted an”

ar a l yzed ii cui-junction with another N~ CC research nrojec t.

The Y~~ 3r.2 cours- is taken routinely by apprentices (or c t r ikers )

‘ are t r y inr t  to nu al  ifv for the  rr3 (Full Techriciar Third rlacs)

- ivarc er  (r t in rate examination , or by those personne l who are rate

a ir c a d”  an  I~T3s , Ut ~~~~~ are tryinei to advance to !T2  (l u l l  Technician

$ econd C la s s ) .  rhe present sarple is not necessar liv r ’presentativc

of the  total ‘ J pprcntice and I.T 3 populations enrolled in the I~~T

3 r 7  cour r-c , wut  is more I i i  ci” to ~-‘r’ rerresentati”e of those nersonnel

whc- cor j  leted the  course and whose comma nd s (shins or stat ions) were

c’ il i c en t  and coor ’erative enough to re turr  the completed answer sheets.

The rr esent sarple therefore probably represents a more in tell iqent  and

notivateu group tha n those who did not complete the course or who were

~sniqned to cor-s’-tanos ~-hic ) .  neglected to return answer sheets. In

a( .di tiori , the present subject group was taken from amona those who f i r s t

subn:itted answer sheets, so the possibility exists also that they may

riot Ic reoresentative of the total group which eventually submitted

these sheets.

r l t h i o u ,!i a t i tud e and car eer data were not available for the

present sub- 
~ects , a review ~~ts made of these data for T I’!’ Apprentices

a r d  I T 3 s  who ha~ pas - ’ the TV.T 3&2 course successfully and who took

the exam inations for advanceeent to the next higher rate (PT 3 and Wr2)

in Iugus t  of l ’75. These data included average GCT , the percentage of

personnel at the lIT r 1-)prentice and t’r3 levels who had been at these

7



r a t e  lcv~ is 12 months or ie’~s (m ont . ) n  in  r a t e ) ,  and t i e  ercr- r~!-~ a’-

of personnel at each of thenc  r at  lev e l s  ~ in  t id cer i t  th e  ;i ’iy

31 rort’ r or ie’~s (lenr~t~ o’ service)  . In order to ~terr i ne w~-e t her

or not  rI i a representative Favy r a t i ng , t he a~ ove ~~~~~ i t tr !e — m d

career data for  I T  ?~~er e r t ices and PT3s were conin -mrc ’d to ‘~ir iL i r  Tmt a

for ~‘-r’~orne1 t a~- ‘n ~ any uc ist  117~ ~~ an i na t n for a—Iv.-in~ r r- rt to

c r n ,n i i a h l e  r a t e  l eve l s  (Overa l l  ~nnr en t j ce and O v e r a l l  Pe t ty  O f f i c e r

3 ~ r oi in s)

5. 2 ~ateria1s . ‘lIe LNT3~~2 cour ’~e , ~~ i 1~~r to most ‘T~CTc , consi~~t~

of an assia nn cnt  hoo~:let  arid an ~ri” . b a c h  a s s ignment  in t~u-

assicnncr t  booklet cover s I or more subject r at t e r  areas  in  lu l l

Iair~tenarce Techn oiocj y. The chapter s in tl~e ~‘jT” djpc’ r’~ in de ta i l

the subjec t  matter areas presented in the assiorment booklet. Fach

a’~sicnr ent  consists mostly of rnu it in ]e -ch o ice  stud y cuestions and a

f ’ ~ t rw -fa l s e  and inatchinc study questions. Previous research ~r ef er cnce

1) ~s ~~-r. t ~t t  the ~TM for ITTF 3I. 2 has an overall  Flesch :~r~r between

c I I tsl I 2t~ orades ane a incaid P(;L of lfl.72 qrades . bc I’’!’

j~~? ~~~~iq~ a ‘ f t  ~ r k l e t  T~ac an overall I lesch 1 between the lOti —l 2 t h

S
r 1

bot~ the PT” and assignment booklet are issued together , and the

cour se is completed at the convenience of the student during off-duty

hours wi th  minimal  supervision. The student is told to stud y the

specif ic  pages of the RTh , which are identified at the beginning of

each assig nment , and then answer the associated study questions in  the

assignment booklet. As demonstrated in reference 10, however , the rever se

procedure appears to occur r~~re often--the student analyzes the questions

and then tries to find the answers in the P’T~1. This t-irocedure nr&-ahlv

B



makes for sporadic and mixed coverage of the textual material contained

in the RTMs. Responses to the mul tiple—choice study questions are

~nterecl or a separate answer sheet by erasing 1 of 4 columns (2

columns in the case of true—false questions ; 2,3, or 4 columns for

matching questions). If an incorrect answer is entered (erased), the

incorrectly erased column refers the student to the RTM page which

begins the topical discussion from which the correct answer may be

derived . The ntudent then reads this material and enters another

response. The appropriate RTM material is not too difficult to

locate because the questions usually cover sequential RTM material ,

a condition whi :h probably encourages the student to refer to the

questions before reading the text. Underlying the answer sheet is

a dup lication sheet which provides a permanent record of the erased

:t-sponses so that a determination can be made of the n umber of responses

t-r4tered before the correct answer was chosen.

For the purpose of the present analysis , those study questions

which had 2 or more erasures were counted as incorrect , while those

qu st ions which had a single erasure were counted as correct. Only

the stud? question~ contained in the first 12 (of ~ ‘) assignments

were analyzed in order to reduce the data collection and statistical

requirements. In addition , -ril y multiple—choice and true-false study

questions (~ind the RTM passages associated with these questions) were

included in the analysis because the readability of matching questions

was too cumbersome and unreliable to determine. In order to further

maximize the differences between the study questions , and to improve

the classification of the study questions into error and nonerror samples,

9
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only lii o;t’ lueutions which were not missed by any of the subjects

(nonerror  s~irnj l )  and those quest ions which were m i sn i -d  by at least

5 of the subje ct .s  (error  samp le) were used in the present  ana ly s i s .

This  d i f f e ren t i a t i o n  resul ted in 106 quest ions in the e r ror  sample and

77 ques t ions  in t h e  nonerror  sample.  In order to make reliable jud qc—

nen ts  of the reading grade lev i- i s  (see sec t ion  5 .3  below) , those stud y

quest ions tha t  r e fe r red  to diagrams in the RTM were also removed from

the 2 samples. As a resul t  of t h i s  procedure , 7 study questions were

removed from the error sample and 3 study questions were removed from

the norierror sample. The answers to the remaining questions in the

error sample and the nonerror sample could , therefore , be referenced

dii. :tl y to a specific and delimited passage of textual material within

the RTM. These textual passages were provided by the writers of the

HMT 3~~ 2 course .

In ~n additional sampling procedure , study questions were

removed from further analysis if either the study question or the

associated RTM passage did not conform to the readability parameters

established by Flesch (reference 11) •
6 This procedure resulted in

disregarding 19 questions from the error sample and 9 questions t rom

the nonerror sample. Following this procedure , the total number of

study questions in the error sample was 80, whillc 65 study questions

remained in the nonerror sample.

5.3 Measuring RGLs and Conceptual Levels. The Reading Grade Levels

( RGL s) of the RTM passages described above , as wel l  as the RGLs of

th” associated study questions , were determined usi .~e both the Flesch

Reading Ease Score (the Fiesch formula) and the correctic t the I’lesch

10



forrula which va t; uevt-l (~prc recent ly  y V i n c a i d  (the  ~‘inca ~ d formula )

Tht  procedur. ’~ i~ Volvvd  in a r t  lying these formulas to this tvne  of

-i t r r j a l , v - i ich are too extens ive  to descril-.” in detai l ir tbir

rc;~~r t , have eec ; r e s en t e ~l f u l l y  in an earlier ( f l I ’ T t  nul l icat ion

(re ’rr”rce 1) . : escrihed riefiw , l owever , tIe Flesch formula uses

tb cii rr of syllahics , ~-~ rds , and sentences in textual scirrlcs of

at least l~~C words to determ i ne ~~ L. I n. the  case of those P’”~

‘a ss aic- s and ~trn~ ’ cuestions wh ich consisted of less than 100 ~ords,

L h t  :-‘;L~ were determined us ing correction proce ’ures recommended by

Flesch (reference 11). ‘th e Kincaid formula modifies the resultinq

lesch ~~ I~; correctinc, for the readine s~-i l1~ which “avy rersonnel

avc cc ecstratE? (. for this lyl e of :‘avy trairirs material. T”e Vin ca id

ferrula has beer ,  found to re~ uce the r ajorit’i of Flesch PGL s for rPCCs

,‘twccr, 1 and 2 qrade levels (re ference  1) .

~‘he (‘or.cer,Lucl t .evcl (Ci ,) required I “ the s tudents  to answer the

~‘ u~h.’ o u es ti c ns  fror- t i e  te::tual in format ion  provided i r  the associated

~~‘c determined 1 y 2 indenendent  ludoes. The j udqcc were

yc~olcn ” students (a ferrale ond a male) who were seniors at t local

uriv”r’- i I’; . el ’ ji~~ ,r’~ were ~‘ orit  2r  
~~~~~~~~ 0c ncr’ ind were earning

~~boV L uvcrac!e college erads s. heither judor ~~~~ ra r i.l t ar  i - i  I-.’ ‘~rr — ç-

t i o.’ or test i r e  rt ce,ur( s, ans i npi tl- ”r iudc ’r  had (‘Yperience with

l~~’~ err i nolon~’ or rnc ’h i r ’ ’~;.

he ~ ) U ( ; - t  r~ r’- a d  ‘ to l i t - p a ‘~~
- i~~r i r t r a t i nq  scale in

dete rr~i r ~ine  t i e  ‘ ;t  .~nt  t o  w’ ir b  ‘p(’C st’idr ir ts  t.~)u l ( ,  have to t h i r ~ about

tb ’  i nfor n at  ion weici . . ,1’  - r o v i t ot , in . t h e  associa ted “~
“

~ nassac ien  ii ’

or ci r -r ins ~~~~~ c f I he 145  I eta  1 t ;t  u l y p r i e s t  ions  (hO ruest ions iii the

11



error rarple r r d  (~~ ru r” -tior ’ -i i r  th e  norerror  sar~n 1 e) .  “hr 4 -p o ir t

ratir 1e scale y.is ad,i r ted f rom th~- f i rst  ‘1 rneni ~ iv” ,~nrair levels

dcve loncd I v  h imol (r ” fer c nc c  12) . T i e  jud ges f i r s t  read the  Puestion

stem and ftp 4 choices (°r , j r  the case of true- false item , the i tert

statement) , ant , then  read the associated T~” massage t-r’rorr’ r-a ’ ire

each ~udur cnt . ‘h t l ~~ were allowed to re  rea l the nasnuiqe , st.itcr — nt ,

oupt-tion ~ter , and choices as o f t e n  as thc-t v wapt er ’ i e 5ore rah4 sr-

a 3u d r e r . e n t .  They were not told , ~ owpvpr , which choice was  correct

before r a tj so  the  study qu es t ion .  “be ratirq scale, ranainci from a

scors of 1 (lot ’est Cl --little thinking recuired to ans’:~’r the st-ridv

question) to 4 (h ighes t  CL---much th in l in a  and oreaniza t  ion regu~ r’-’d to

answer the stu~lv question) , is described in ~r ’nendix ~~~.

The 4—point scale was explained carefully to the judges at the

start of a traininc-, session , and they were then allowrs ’ to practice

on stud y questions ta}-c’n from later TiT~~3p, 2 assirirr ’c-’nts (a~~cir i nn~ents

13 to 2 7 ) .  These practice stud y questions consistec of an erua l nrrr ’!-er

of error stud” c’uestions (those cuestions missed 1 v at least ¶~ of the

subjects )  and nonerror study auest ions (those cru est ions %,hjcl’ were not

missed by any subject ) . The error and nonerror cuestions were arranged

in rand om order . ~fter ratinc’ each riractice nvuc’stion , t he -jurloes

exr lained the loqic they used in making these r a t i nqs .  “hey continued

practicing unti l  they demonstrated consistency in senaratelv scoring

14 out of 15 practice questions (this criter ion was reached after

2 practice t r ial s) . The 2 j udqes then rated the 145 study quest ions

for 3 hours a day over the next 5 days. “he judges also scored 5

practice ~~estion s at the beginnin g of each o~” thes e ~ days In order
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to i ai  r t ~ i n. f a r  i m r  itv ‘~~~ t the  rat  in ~ nroccc rrres . The j uoaes t ’cr’

f r i - c  to m i  a “~~~p~~ j~~fl~~~~’ w h i l e  r oa, !ire ~ he t ’ ~” passa~ ec a r~’ ‘~t i idv

~;w-st ions , and t~ coc r u l t  ~it .l r wr i t e rs  ars su! je ct. ratt e r r Yf l ”r t s

ciurir ia t i  is r er i o d  (n e it h e r  of which they d i d ) .  The j wlces dj’i rio t

c o r - r r i r r i r a t c  w i t - i eacli  ø ther  ‘-;~ 1i ma! i ra ~~-e •j udqerents , ret-  ‘ ,cre

ti. v tç~]~i wI .j ch  stuuy c’uest ions ~;ere i n  the error an , r r e ferrer sar r -l  e~~ •

1~~ter r at ir ’~ each t -tud” ru es t ion , the l udnes v~ re to ld  the correct choice ,

as well  a~ the r a t i ng s t I - e y  each had r-ade of t~ dt stud y r u er -t i en . I!

these r a t ing s d i f f e r ed , ti e” were asi ed to exi’lain the logic which they

tad use’ in  nt ~~ m g  t h e  j udaer cnt s .  ‘rho o r ig i n a l  j u .’q~~- -ents , o~ ev c’r ,

were- u scc ’ for calculating t iiC present resul ts  and were rot ~oc1i~~ied

af te r  these cxnlanations.

5 .4 s ta ti st i ca l  I rocci-tur es.  “e1i a~-) i] i ty  between the 2 judci e~ in r a t i rr ~

Cr - s  ~as deterrr i r cci  using an intraclass correlation. It order to i” sur e

t~~- t  these se parate f 1~ -i udg~~~ents not only varied in a consistent  facF ’icu

ut  wer . t r j l v  sinilar , a t -t -es t  for indenenrder .t samples was u~~ d to

~o’ - i - j rc t i c  cart s  of the r~’.t i t - e s  na ic by each j u dc e . ~ i f fe r e nc e s  i n

b c ’  are (~~~,5 f r i  the error and nonerror samples ‘. err ’ ~r lso tested for

~iqci f i cance  u s i r r u  t — t ~cs t s  for  indepeni ert sar-r’lec . (‘:1- p (~~ scor e for

~~ sh st uc y - - -j ’-r -t  i~~r wi
~
t h i  r t i r e error ~ rd nonerror ç~~~~j  I i’s wa s the avera qe

of t~ r a ’ i r r r  ,i~~s i e r e d  to tr  at eur’~-tior b’,’ I-i’.’ 1’ -~e~~ .) ‘i-c t- • f C ~~~

b r  i n i o e ; i r .  .. c t  r’rr I -1c ’ d ~~s used as well for cor parinq the (~C’ scor~ s of

!?~ Aç -~pr entices and }“I3s with Overall i r  ~ird -nt ice  and Petty O f f i c e r  1 °r ou r s ,

w h i l e  th ci~i - r - i : i i r e  tes t  ‘~‘a:. used to coir pare eifferericec in e, ir ’~r ’r ‘~ ‘ta

( l cn’ , U. of r i - n v ’  n t  ar e  oIit 1~ ; it .  r a t e) ivons -  these qrou~~ . For t h e  CC”’

da te ,  v a r c a r r c e ~ i- -er~- “OUT d to d i f f e r  s iqn i f ~ san t l”  for the b” ‘ r-; r ’ rt icc
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are . 3  er o r r n ~- ‘r ,  cot- ~-~r is;o r to the  veral 1 ,~ r - ’- r en t i cc  a rd  I~’ ~

m r ~r- e ’ i i e r  t 1’.’ , t he  sochrar- an ! (ce~ ret ~~~~ ( r e fer ’~nce 13)  i :-~ s usc- ’ ! to

cmi ~- u t .  t~~~E t — t t - st r ;  i rcvolvinci C(~ ; ’ n ’ - a r s .  ‘ evel ’— rF  ~~~~~~~~~~~~~~~

f m r  a l l  te st s we r ’~ L , ~~~~~~~~~~ tai1”~)

( .“ “~ !~ LTr’ . “ !re f n 1 1 e~~’ ir e ’; , - t io n s ‘r r - s” r t  the  ‘i n d ’ rrr s for  c ,”—

ii i5orc; l e t  -~- -er i T s .  a r ;d ot h i ’r  r a t i ng s , d i f fer ’- ,  ces i n  - c r 5

he  ‘-r ror and norerrer c~ r . H  or , rd i a i - - i i i  tv of t h e  ~ r - i q t - ~~ i t  r o t  er r  
~~‘ i r e

t he  s I r  c ’f the  r t . i rev suest iors , arid di f f e r e n ce s  i r 1 ot ’. r - e r -  t ‘- ‘-r ror

and r~oi-rerror sar.ples.

1 .1 (‘or r oar i sor i s  r t voe r  l ’ s; arid ~ tiier Pat it - a s .  ~‘a ’ J e  1 ~ ,t- .- ,
~~ ~~~. , .~~

CCT and carc -r !at~i for  1 ’ ~ ‘~ rc-n t ice s  and i ’~3s , as  i- ’ol I ,i r- r.c a’-,

careeL da t a for  those ~:ho wert in the i ’vc ’r al l  ?- r - - rr r . -r t iC (  and ~ et t v

T h f f ± c e r  3 groups .  This t a ’ le shows tha t r~ q n i  f i c a r  t i ’  , ‘,r r r ’  ‘~er’-cr re!

had leen  at the PT ~pprent ice and I~r3 ra te  leve ls  17 ront” n or i e~~ s

tha t- ner sor.nel at compara le ra te  1 , - v t  i s  in  t h e  ( veral l  ~p~ -r.’r;t ice

arid Petty Officer 3 groups . in addition , significantly more i’~ 1s had

been in the i:avy 31- r or thi s  or loss than ner sonnel in the Overa l 1 Pe t ty

‘~‘ f icer  3 qrorc  . The nronort ion of IT ’ Aoprer .t ices and i -v or a l  1 t pprent ices

who had been in the i~avy 31 rror,ths or 1e~~s l I d  not d i f f e r  rj r r nj 1i c~ rt - lr ’ .

Table 1 also provides evidence that both PT orour were sic ,ni ficar .t lv

lower in verba l intellir’tence (CCT scores) f t - an  the °v”r al l  trr’rentice

and Petty Officer 3 groups. Ina smuch as these data show that en ~nnren—

tices and I~r3s arc not representat ive of other (overa l l)  comparab le

Navy r a t in q s i n  verbal  ir t e l l i - m ice and mmn t t-~; in r~d “ , ~ nd th a t  ‘~~~~
‘
~~“

are not representat ive of other Petty ffi ce r 3s in 1er - -~~- -~~f  service ,

the  r e s u l t s  described helow (sectio’is ‘.2 anti (~.4) rrav not ~e ren licated
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for  personnel in o t h e t  Navy ratings. A further assumption , which

remains  u n su b st a r i t i~r t c d , is t h at  the subjects used in the  present

a n a l y si s  would be - rn i -~ir ab le  to th e s e  HT Apprentices and HT3 s in

GCT scores , months in  ra te , and l eng th  of service .

6. 2 Di f f e r en c e s  in kHL ~ Between Error and Nonerror  Samples.

- r i . mean R ;Ls r es u l t i ng  from the Flesch and Kincaid formulas for

the  study questions and associated RTM passages in the error and

nonerr r samples are shown in Table 2.  The t - tests  presented in th is

tab le  show that d i f f e r e n c e s  in Kincaid and Flesch RGLs between the

2 samples  were not si g n i f i c a n t , e i t he r  for the RTM passages or the

;dv quest  ions .  (A noteworthy f i n d i n g  is tha t  RGLs for the error

sample wi-re lower than RGLs for the nonerror sample in most cases ,

a l t h o u g h  these d i f f i - r e r cec did not reach significance.) Differences

in error rates between the 2 samples are unlikely therefore to be

, i tt r i bu t e d  t o  the readability of e i the r  the RTN passages or study

questions. The average RGLs for  the RTM passages and study questions

i n  the error and nonerror samples also correspond closely to the

average RCL s found for the e n t i r e  HMT3&2 assignment booklet and RTM

in previous research (r e f e r e n c e  1) .

6.3 Reliability of CL Judgents.  The 2 judges were found to be in h i g h

agreement in rating the CLs of the 145 study questions. The iritraclass

r e l i a b i l i t y  bet ween the 2 judges for the 145 r a t i r iq s  w an 0 . 8 0 . The

total sample of 145 study questions and associated RTM h .is~~~i~~~ -S were

assigned an average CL ra t ing  of 2 .36  (sd = 0.91) by the f irs t judge ,

and an average CL rating of 2.32 (Sd 0.93) by the  second iudqe . The

appropriate  f—test showed that these means did r o t  d i f l e r  s i gn i t i c an t l y

( t  = 0 .3 6 9 ;  df 288 ; p = n s ) .  Al though these r e s u l t s  do r o t  c ;ubc tantjato
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the val  I’ i t ’-  c t h ’r ; - l rdr ’eI ’ -r .t ’ , ‘ - h i s .  !cve~ of .1’ ro’- ’  ont ir- ‘- - v i

1 r id cat - o r. t hat  U!s ’ F i n ,  n.j t i irre , ‘ ‘ n -, 
1’ ’- ~ ‘ - -  r er~ - - 

~~~i ,

‘ n - t  t 5 t : t _ ’ - y i t . a:  i’, i~~; I he . , t , . i ;ar,1s ~.hj e i -  r- rr - ’ :50 t~~ r a f L  t. ~ - ~

‘- t  -~~~ ri, L i i :  . : .c~ let-i of stud y e’. ’ (  u i - i - r i  a r ’ at

rra~~’- . rq i -c -  n-’~~ c’ w,-r. rat (-d ~~- t’-r j ls1rv r’c a t -  t’ r- ‘ conce ’t  i r a )  l~~~’~

rese ntem ii ,

- i F for erct ’’-  I r ( 1 . r -  e~ ;a’er, r-ro r ant ; ‘: ,-r rc -rror 5 . i y ” l  o r .

‘. t ( -  mean r’. scor’- Ic r  t!t - error ~~~ : 1C was :‘.‘ i (cd = 0 .’~~) , ‘.“ ic ’  ‘

r ean  Cl. score for t! e norrerror tar i i i  %- ‘~‘ r ;  ~.11 ( : ; j “i .7i ) . ‘ ‘  e

t - - t e s t  r c r r r l t i n c  frot a c e r - n a rj  505 of t he re  2 r c-an~~ • -as fount ’ to ‘- ci - , -

lf ~~ - : .t Ct = 3 .01’; df l~13; r, ~~. ( O h ) . ‘ ire n q ’ f ’n ’ ’~~w’r-. r ow ‘ - b a t t h e

,.veraq T. score for the error aanJ le was  si ar i f i c ar i t l y ‘i~n 1 cr ‘ Par the

averaqe (‘I. ~cors- for t i e  rionerror sariple . “ I i  s f i rd ir e  m d  I cate~’ f ” at

cor~cej-tua l d i f f ic u l t y  is involvee siqrriu icantl ’~ ~rr t” r d~~f f e rprit . error

rates 1 -etween t l  e 2 sat-tI es .

7 . 0 ht ~ cU~TI c ~’. ‘! r- al eve r -r, u ltr ; d ot- - tI at rc—ada~ i 1 itv , as r-elr.ri r ’ ,l

L y the F lesch and Kir .caid forru 1a-~, t a n  l i t t le  Li - Jo ‘‘it !, merfor r ar ce

(error rater) ott t i te  :PCC fo r  I -b’- 3& 2 t .’Ir ich is ~U l t f l j t i 5 tCTC ( ; under t h en-

condit ions.  T1.ese firtdirtq s anoear to derionstrati- ’ that st”listic wrifine

factors , sucn a:.  tho se factor t; r - - j r esentcd !-y CI scores , rv ’ ~‘c t ore

irrr~~r tant  than reada!;ii ity to thir t”pc of performance in these trairino

si tuat ions,  before ciincussir .~ t t i y c e  FCI. and (‘I. e f fec ts  fur ther , !io’:ever ,

the present resu l ts  should be int erpreted wi th  caution because (a ) the

size of the  ‘-ui ICct qroup was small ( ‘I = 30) and selective (chosen

fron. anonc those r.ersonnel who Loth comp leted ant i returned the r• 1 ”3r.)

course) , (1. ) t h e  a!ove Cc’i and career data irrdicat~ that r” ~npr€ntices
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ani. P~’3s (the onulat ions fret ’ w h i ch  the Present subj ects are ase,i~~~1

to he drawn ) a rt  rot- er t i re l y rer ir csentat ivr-  of ()t tiE’r ‘ avy ra t i r ic t s ,

(c) the )~~“3~ 2 course nay not i c  renrc ’sontative of other ‘~~‘Cr s

ina smuch as these I~~ ’3&2 cour se ma te r i a l s  arc rrico ir .ized I ”  profess-

iona l b’X’C wr i ter s  as l’cinci e rnecial ly  uc i l  written , (d) tIre va i id it v

of Ch ra t inc; ’-  hau wet to 1.0 demonstrated f u l ly , (r )  a l t h o ’r n r -  the

nrt-sont f in d i ne s i n d i c a te  tha t CL r a t ing s may 1-c- i nvolvea s ign i f i can t ly

in 0’CC nerformance , this  conclusion rust await cross-vali dat ion of

the present results  using d i f f e r e n t  judges , and ( f )  measures of reada—

t i l i t”  other than t i e  “losch and t~incaid formulas  (especially measures

~,‘1i c!: involve corij .rc-her~sion of this type of course material  ar~~no

those ~r.ecific ::avy nersonnel who must read these materials in order

to c,ua l i fv  for ra te  advancement) may vet deronstrate a relationsi-ir

hetweer readaLiii t~’ and hT ;CC nerforr’uance. In add ition, the importance

of concep tual level indicates that measures of verba l intelligence

(such as ~C”) raw 1--c related to !‘PCC performance , with those per sonnel

who have t i,-iher CC’i’ scores :t erfornr inq l etter than those with lower

c t”  scores. ‘-‘I is. e f fec t  ray ‘ -e nost apr~~rent for cTuc.ct ions in the error

sar -urle which  have i tj q i ’  C” , scores. Thi ~ ef fec t  could not be analyzed in

the present situation, however , because GCT scores were not read i ly

avai 1a~ le for th i s subject aroup . “he ai-’ove precautions thc!icate tha t

(a) the eresent I ind irqs should be replicated on a much larger and more

represcr.tativ - sub ject group (from a variety of bavy ratines and rate

levels) , ( 1- )  addi t ional  tI1’CCs should he used , (C)  (‘L ratines should

hc rep l icaten and val idated , (d)  r epl i ca t ion  should 4 nvrtlve readabil i ty

measures other than the rlesch and hincaid formulas , and Ce) a determ ina t ion
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sheul~ he made of the r e l a t i on s h i p  between poor ‘rCc performanc e

(hioh error ra tes )  i n d  ven al in te ll i( ’ercp .

The i-reri t-t findings appear to recirph uasize t~ e ~‘anir de ficiri c”

in ~-~~st rea ial ility forrru],~ia- ---the failure to account extcns.ively and

acc ur atc- l T for road i nq comprehensior .  “:ese resu ) ts. si-ow t~-at formulas

whi c i .  manipula te  sentences , words , and syllables, even if corrected for

the  reading cl - i  
~ln wl:ic ‘av ~‘ers.onTrl have di ’r o tust r at c c  for rela ted

r ate r ial , canno t r - easure  ~.he f i n e  ano t,uhtle concentua l relatirins~ irs

which api-ear to exj r ; t ~etwoen te :tual r t a t e r ia l  and c r i te r ia  of cor-or s—

lierision and perforrancc c ’f fec t± veness  (such as error rates for ou c-st ions )

These formulas  can account onl y for that gross l evel of cornnrc !’nr .sinn

(or roncertua l)  J i f f i c ult v  which is related to sentence , word , and

s”llal:le complexi ty , and can do l i t t l e  to d i f f e r e n t i a t e  the conret~t ual

level required to comprehend mater ial  t- ’hicl: i s  similar  in sentonce ,

word , and sy llal . le struc ture. Tht- j -r ”sent  ana lysis  overcame th i s

def ic iency by havino jud qes who were na ive  about the sul ject r a t t e r

(but who were not necessarily naive about stud y auestion d i f f i c u l t y)

rate the conceptua l level which was required to comnre1-end the textua l

material (I-: Tns) s u f f i c i e n t l y  well, to perform e f f ec t ive ly  on the s tudy

questions. These resul ts  indicate tha t readabil i ty consists.  of nore

than sentence length,  word freouencv , and word ceirn ievit ~’, 1-ut consi st s

also of the cognitive procesues involved in organizing and i n t e rn r e t i n c -r

textual mate r ia l .  r.lthough the readino s k i l l  which mea sures these

cognitive processes is referred to as ‘ comprehension ” , most r cvt d inm

experts have failed to specif y c -r : prehension in ten s f the  ~-r1at io r r~~ir

which exists between textua l m a t er i a l  and performance cri~ - ia , wh i l e
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none of t ho avatlalle readinr’ formulas ircorror-i t Pr a sr r — ar a t e  cornre-

hension or ci fa c t-cr int o  corii-~u tatj on s  of rr~~~~- j~~j~~~ The Cloze

tecl ’niruc ’ ;-r& -a t ;ly  accounts for connnehpn sion hotter  t h a r  an’~ or - er

availaiIe read inq formula , l u t  the Clo~ e score ray ‘-C cor!orrndec’ ~~‘,

voca ’ i iar v deve]oi~rcnt aT’sl read i nc ~ ne~~d . ~Th i r  d e f i c i e n c y  rest l i l e lv

r r s u l ts  fror ’  the (leperderi t relationshij whish C1o:~o scores have i- ,j t l’

ntanccir (1 neasurer of reading shill (reference 4) . Tb- c v a l i d i ty  r~robler.s

a’z s.nciated with standard tests. of read i ng cl-il l further confound

in tenpr eLit i on  of d oze scores..

rarv of the al -ove c r i t i c i sm s of c:~i s ti n n  r eadab i l i ty  f o rmu l a s ,

es~’ec~ al lv  t ’hr  f l o z c  t echniru e , have c - n  made rroviousl~.’ it’. a rer r rt

~~~~‘ ‘, arv~ r (r e f e r e n ce  ‘ )  . In this r e;-~ r t ,  Carver also developed a

noi- ’ rea ’ial i i  i t v  formula , the haudinq rcale , which appears to correct

-any ef the deficiencies associated with the earlier formulas.  by

acccur,tirq for a coriprehension factor . fim ilar to the Cl rating method

ur -ed in thc rr~
--sent ar.alvsic, the ~audirq tochnicue rises personrel w’~o

are  f an i l i a r  w i t h  r ead ing  s hi l l  development (cyp erienred teacher s or

gracuate students er.rolled in m acm g training courses), and who have

pasred a screenir.cr test  (the n au(l i no 5 c-ile ~‘ua1ificatior 
mCs t ) ,  to j,idoe

the rcau&. ility of tertual material. ‘~hes.e j udees  anrear to ui — c !-~~th the

i sru t  e i f f i c ul t ’i  ( r e r tence , word , and syllable complexity) and storace

difficult ” (ti e c-il ficulty in organi:~inu a nr 1 i n tegr a t i ng  the  i r .put fac tors)

in de te rmin ing  the readability of textual r-aterials. ~ 1 thoug)i the

v a l i d i ty  of an i rdc r ’erv er t comorcl rens ion fac tor  wi t -1 i r  the r aud j rq ~-ca le

r e r a i n s  to  1-c - c’er-or. -~t r ated , t h i n  t P(:~~~~~~o~~~~ ronethelo’-~’ w ar r a n t r -  ser ious

~ t t  o nt i o n  i - ’  wr i t er s aN: nanaaers of r i 1 i tary trairine materials . The



app lication of I-~aud m nq ~;cale technicues .  to the present ‘ .P CC d a t a

ar -~~.si r t o 1 o ar e~ cel lent  r ’rcaiii ~ of va I idat pe a r i  c-stah l i sh i r -q

~~~~~ useful r.e of t i c  i,a ud iri c ; f c .i] r ii. eas’~r i r e  t-~ readai ii i tv of

ujl itar y ti. a ir i ng  r r a t c r i~~ls .

Tna smu ch at; the above result ~- ir ” icate t~ at error r at c~ j~

::;~cc courses ~i c  r o t  r elater ]  to the rerdab~ilitv of i i thur ‘- ,~ ~w~ r

pa~~-~ar;es or th e ctu~’v (uestior.s, l u t are assoeiati-- ’ instoa - ~~j L h  t i e

concentua l level rec’uired to ansi-c’ the stu’]’, ‘-ures t jot s cc-rr”ctl ’- ~ror

the in f or m at i or  w h i c h ,  ii- ‘ rov ided  in the  associated ~‘T- ” ‘ass~v-es , a

- to ’ Icr - -,rjces as to ‘ - ‘a’tI’er or rot t’~e corN T t ua~ l evel s  of t h e  d i f f i c u l t

. turlv CUestiOri s i~~o~~1- SC  i - ~l ( h ’  l a cier  in  oroer to reduce t’ c ~r r r r  r a f t — .

i~~ lire of v iil t r . O  i i .’. icatc- that althouol  b ’  er i r e  the cor-~~e’ tual

lev l ray reduce error rates , ruci’ a nrocedure ma” i r ’nair ov er a l l

t raining ef f e c t i v en ess. I irst , if the assur mtion is v a l i d  that th’-

rt ructur c of h -CCt ; (especially th~ verbat ion cha rac t e r is ti c  of  nionorror --

low CL—-Rud y cuestions) permits students to reid only a ~rac i - -’r of

the ~-~~: s (rcf er enc~~ 10), then the r -~~r’i ana l ytical anc: intcnrativ ’-

cha rac t e r i s t i c s  of t i r e  h inh  CI stu(ty c;uestions would nro & - l y resul t  ir

~~ rc thorouqh r (-aoiric’ of the RTPS i i i  order to o’- taj r  thc- i n  fo rmat ion

necessary to ans~cr these stud y questions correctly. T i e  e f fec t  of t h i

more extensive readina should he improved leamnina of the textual

n.iaterial, especially iriproved learning of material that is incidental

to answering tin e stud y auest ions correctly. Secondly , so’-u ev idence

(reference 14) shows that textual m a t e r i a l  that is  associctet-’ w i t h  t’i rr ’-

CL test iteJ~s is rex-icnibered better (after 7 days) than te ;tual r - i at er i a l

that is related to low CL (verba t iri) test itevns. This retention e f f e c t
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s ‘c’in; I t o  i-p riost c~ c r - i f i c a n t  for t r a i r i N -  s i t r r a t ’n r — i r  wt ici t o

l;i - ; i- - 1  t c~ t j t r r  ‘~ t~-c’r” -s~r i rj , ; t v r e ’ i h r  a ‘ rc’—test f’,v;i-jor , i-l ie ’ j~

~ ~r i 1 ~~ t~~ f ! ’  - - ‘  n ‘‘ - -oI(’~ ‘ i ”r  t e c~~r ~~~~~ t r --e ’ i ‘ ‘ “CC~ T h o l-  ~~~ t , ’s t-

ite ;s ( c t ; d y UU L i e n s) £t ;,ot ’ar to resul t  in l e t ter -  s t ru c t u r e”  ar ’

c- r oar  i : : t  - I on - f t - c r  r ‘-r  -or v t a r  I oi’ Ci - test it ~ r ’r -  (~~tr ,di ’ ernest  ions)

‘ l C S E ’  da t ,n  dcnor~~t r a t e  t ha t  win i le i ; i t - ;~; CL ctw ’y r’uer - t ions m a ’-  i t  more

‘h iff ic-ul t to learn in i t i a l  ly  th an low (1. ruc- i -t lors , ti o imnro”

r~~-’ ent,or r~~ l i e ’; (~~ cuestions once learned nay ~- aJ p such cuectionc

more t r a i n i m n e  e f f ec t ive  than  low CL c ;u er,t ions .  ~‘h~ use of hj a l n  c

(h i g h error)  study cu es tions  in ‘ PCCs. should continue th erefore  I ecaus”

th e~ r t “r~os of r ’uestions apoca r to niai-e T’~CC studer ts  read more of the

PT? ; mater ial arrd rer’nriber the mater ial i-.~bj ch  they do read bet tor  than

if these eur st i orn s i~’ere rot included in the course ma te r ial s .  Perhaps

e t r a i t - i r e  e f fec t iveness  of ~~CCs could Fe h’-rrcved sub s t an t i a lly

i f  T ;ore P h d  ( I .  study cuestioms were included in the oresent courses.

~‘}-e ord er or dj st r i h utj nn  of higi  and low Cl study cTU C~~t iOfl~

w i t h i n  an assiqnr erit n-ay also have imr ~~r tan t  t r a i n i ne  consecuerces.

-l thougl-  each 01 the  i r e sen t  1~I C C  ass c r r - c - n t s .  nrc - - if irs several

irctr ’ictionil o!-~ ect iv et - , the  ~~ I t te n  nat er i al associated  wi th these

o l) l cCt i”ec  (s.tudv nruestj ons  and hT~~s) do not appear to r~roaress jr a

sy st erat ic -  lasl ion from sini~~le to the more complex levels w i t h i n  t i e

coenit ive- dor ain  ‘eveloned I-v I l o or  ( reference  1 2) .  ~t nrei -ent , those

~r i t t en  m at e r i a l s  ar,t par to i c  associated randomly w i th  each ei’jertiv” .

l o r har s  ~ c - ( ( ’ ~~~,~~~r I d  h e  pore t r a i n i ng  e f fec t ive  if these wri t ten m a t e r ia l

were organizes i n i t i al i”  around l a s i c  hno i-,ledqp factors  (as in(Iicatedl

1’,’ study cru~~~tir ,ns w i t ? -  low ( L  r a t in r v s .)  and proc~ress& sv rt e r i at i cal ly
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t~ the  m o r n -  comi l ox ~
- g m  i t  ivn - t o  I ors of app lication and a n a l  -

i’ ;-  s

( i n - ; i n d i - n r  r d by study -pu’ ;;t j O : ;  wjt h high CL ratings) Thin; method

w o u l d  r - j o i n t :  t h n , n t  ( a )  the t r a i n i n g  ob j ec t i ve  be stated in mea-su r a h i r -

:rms , ( b )  I he : on i cep t  be pren ;c-nnted in ~ series  of t r a i n i n g  i tems ,

m n - I C c) i~~- r f o r m ; m n c c -  (application , analysis , and so forth) be t e s t e d

in a t edmindi item. For example :

Instructional Sequence

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

Training Training Training Terminal

E Simp h (~~ w CL) ~~ Comple x (High  CL)

The CL rating technique described in this report could be used to

assist NRCC writers in rearranging and reorganizing the written materials

associated with instructional objectives. In this way , NRCC students

may be better prepared to understand and answer correctly the more

d i f f i cu lt  study questions, as well as have better retention of both

simple and complex information for longer periods than may presently

be the case. The improved training effectiveness of NRCCs promised by

this rating technique , as well as the ease of applying the  t ec h n i que to

present NRCCs , should warrant an evaluation of the technique in the near

f u r t u r e .
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— - , - ( ‘ 
‘ - t i ‘ - ‘  e - - r 1’ i -  i r t - ‘ r ‘ . - t 1 .~~ - ., •- ‘ - - —

~iI i i i n  i t  i n - i ,  j ;  ¶ t o  t n t - - i t  ‘f  ~ ~‘ n . Tn t - r ’ ’, -; ‘ — ‘ ‘  ‘ ‘ ‘ - ‘ -~~
‘ - ‘r ’

- r n ’  1 ‘ i n I ’ - , ,m c - 1 n  “1 . ’- n e s s ’  n . t 
~n ’ t ’ ; - ‘ i - -  e l m ’ - - - ’ ~‘ - t  ‘ in  ‘

‘ - n e  ‘ o n t nd t e  ,or, (‘I, s i t  i t - c -  ~~~ 7 r I c - - s . ~~~~~~~~-

- i t ,  - n c _ - n n - ’-. ’ - ~-: s’ , t i - no r- -°‘ i r’ I it t ‘- :- : - I ‘ I  -

I 
~ t ‘:‘- ‘  r n - r n ’ - ’ - - h-s o  C r , c 1I,~r ;t  I ’’ n~ ‘ ‘-e’ ’ , ‘ ~udge ‘: , ;n - ‘ cIT

‘ b r ; ; ; ( ~~~o5 ;  o 4 ’ ; 1 -  r (  i;rt , - . - r  C , 1VCd t i-s-se s t u n ’ ,  ~- - i c - o ~ ~r t- ’  ~

n~~-c m l’,’ - - ’ r-. t t e n - n r -  i :u o - m n , tsj s l c a di nc n , or i r - -~ ive ( ‘ ‘ i c~~’, ” )  • 
,
~ c c i - —

a i ‘ i n  c ‘ n i  I t  ‘ t 1 n- -1 i r~ r r”- a t i o n .  ‘ -nj T ’r ’ ‘nr n r - r  I em of r r -  m l  a ~
-

- - t nu c - i ; t  ‘-  i~ t in e  ‘ ;t n ;r  e , cor na r i sent- could I ‘-  made I c~ ‘- -“~‘r 1 i - c - e rr or

r c _ t ’ - c  a n n  t i  ~ n ’L r a t i r o s  for  st ud y cnuertions in ~ir ‘ T ~ C . 1 O t - P  st udy

--s r - n - f  j on ’s n - i  t i. l i e ’ e r ror  r a t e s  at - ’ lot ’ CT r at i n e s cnu ’d tb -en ~--r ’

ic r - s t  j fiel ~~nd r r - t . t ’r d r -e , r c non itj n n c n , or r l i nj r at c d . I s  demonst y-i~~~cd

i n  ~
- !  i t — r -r- ert  , tb . i ‘~ t ecbninue  would !~c i rnexnensive 1-ocanise ~it-ia~~ can

c- t r a ined  u - s o i l ”  and , w i t ’  l i t t le  e>:’ r r i en cc  , a -i o d c ’r -  car r a te  rn’li al-i’-

to Id - ; t  t i d y  n u’- ot ic r:: ; c_ n hour

r , r  t ‘~ 5 i n s - h  j c a t  ion of t h i s  r a t in g  t r c h r i e ue i~~nnld c- to ‘iud.qe

c co n c e n - t j , j l i i j  1fjr -~ 1t’,’ ot in f or r a tj o r ,  c o n t a in ed  i s  nra’~~-- and 5 i cnu r e s .

-r n- - r. t , a r ’  1 iai  le  n e , -~~
- i ( u ( -  or fer r u la  s imi lar  to those r iser ’ to

‘- 0 - i s i s ’-  t he  r r  - -  n ’ i 1 j t  v n ’ t r : : t t n a l  mat erial loon rot cxi  r -t ~or or,ip~ ir

I n ; ’  t er m l  . The - 1 : - c  of j ’ m i n -  n and n r a t  i nq scale as ,1’~”ncr it  n’s’ in t’; i s

r r -~ :rt  could  ;-rnv’ec a , - r - , - ; ; I r e  ef  I ~~. n - ’ ! t lc_ l ‘ recen t-inc th a t  nay

I e r;r-cr’’-nw-jr-’ t n n ; n e” r : -t  ,n r i t 1 n- j o t  en n t  i cr  cornt a i  nod inn e rarnlnj c  mater ial

or i n  con) j r 5 t  i n s  n i f  n r a - P i n :  m l  t ex t ua l m a t e r i a l .

“b-c ,iI nv ,-  cv i  t i e r  j ~‘ ‘ j e a t en :  r i t a ? trore rce ’’or &n s’n c n u l n l  i c  do ne to

I r’,’ir ur  - r -  • ‘ -n - I n f l  r ’ d C C i n f e r m a t  icr  ever long ‘or i~~dt - , and tha t  r1 f fer en c e n
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r , ‘ p~~ t ‘ - o  • I-’ - ,i ir ’ ,- ’r’ i t  I c r .  (01 ~a ’r i-rI ‘r, hj ’d a n - ’ ’ l e t ;  ( 1  ‘ - t n i ( ’ - ’

r m t ’ - t i n n s  - ‘i o u ) - I  I ,  , r n a l~~ . i - ’ ; . ‘ i n  r . - ’- ’ ir e t -d-cu l’T a! ~c, ~‘, n r n 1 r , n n

yb - n ‘b. ’r n -n r o~ , - - z n ’  ‘ : t r  n-nv ’ ~‘.mdnn- ’; of fl~’~~: (a’- ‘;ernnn; t r,-tto” Iv

ir  ‘ ‘ r i - t o l  l i s r i  ire ) c :y  i n .  , m n - o c ; l t j n n r ;  
~
, i ’ i -  no - r I. tha n is ’’  (12’

51 :3- I ’ ,? rut St j 0 5 5•  i n -  t j , s i r ,  s i c - u I - ;  I c n .m-h- n’ , ‘ - “11 of ti , : traini r--

ef  frc : t iV - n O - n - - - ( I o ~~r n  m i ’  - i n - ~ r n - i t I r n  c~ ‘- t n u ’- i ’U ’’- . t j o in ) rosult irn’

~~i -  r ’ - a r r ar ” ir ’c  an ” y- r’or q a r j ; ’j r -  ( j u t  not rr ’n ’r ’t in ( ’ ) U’s’ c-Tj~~t”t ’

r ,cn , r i a l n -  ( I T ’ s a t - n m  n - t n i d y  ‘ un’ i t~ ()i o) associate’ 1 n - - i  t ’ . l’T~(’C m r ”.t r nr - ’- 4 e n - j ]

ob~ ectives. ~u cIn r r  a rr an q — r r n t  i n ’ . reor’n~1rj - nat jon ‘- .- eu ld  occur i i ;  t 5e

; - rocrr ’ssive , syst ormat ic  ( n u T - i - I  e to cor ’-r - l ex )  f a r ;h i o r  ‘c - n c r  i ~~~~~ ,
~~ i”i

accordit ;’: to t n ~ C~. r at  i nor vi, L O T  hov 1~’ein assi cin’rs ’ i -v  iurTec- r ~ r’ t’ -e

et i j o” r~uet ’t ior . o ti n t  c ru  u3 Cn to sniy ’~-~ rt t-~~c i n  st rn ,c t i n na l o~ i r ~ j~~n’ s~~

Inas~ uch’n as T T ; t C r  are a ~r i~ ary  t rain inc  medium for the Thi vv “eserve ,

Ins :  are also art j nr~~r tant  ir n :rc- ,l j ent t i n .  ti-n i’ ,idvancemen t of : avv

en i ~r~~r-- s~~n~~n~~l , t l-.gs~ f i n d  m o m  n-~~lt1d 
t n~~”o inn! icatiors for * n - ~

r”n ar - ’- r c- ~ n- o~ t n r  hav~’ ieT -f’rv ’- , ,l r; woll an the ‘mi i d i  tv an” r ’an,in ’crncnt

n n f  the a d v a r s e r r ’u .t  i t -  r a t e  n ro c( 3; s .

k~~ O ( ( , ‘T ’ T I T  . T in e  fn ollewino c c ;n c lu s i o n s  an- r ‘‘crj v n-’d fror ‘-ho -r ”ovr’

f i r ~~i nr~ ~

8. 1 T: T c( T & ’r f o r r a r c e , as represented F y error rate on t- t l l (i ’.’ rnuestions ,

does not a;d-c - sr to I n ”  related to the readmil’i litv love) çn C T’T’CC -‘.t ’i I”

cuent ion s  or associated P’id passages an determined I’, a popula r ,

c o n v e n tion a l  measure of readal il ity  (the r lesch  T - ’adj nc ~ Fase .ecore) or

L a r&’iic: ahi i i  tv 1,r-asurr w h i c h  h a m  I eon n l c v e ) o n ed r’r eci ~ i c a l lv  for “WV

enl isted  : n -r n on r , e l  ( I - t i e  Vinca i’I f o rm u l a ) .

8 .2  ~ho extent  I- r n wtn i ch  t-b:in)n i ne or cnnrnept n~ l er oeen~,e r arc i nvo lved
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i T . i n t l  i :p t: n n ; t ; n ’ . ’.- c i l - n - ’ m m - , - - :  j c i  i s  r e - f r  r r - -~n tx as  ‘ o , , n

i - v - b  (fl ) • j -  v ’  ) a t ~ - 1 • ;n l n  j f  
~~~

- ,“~~ - +  T’’ t e  n od- ’ r i p- ’- t  j e t  r ‘ — p ’  r - - ‘ r - .

s.3 . m ; , - ’ t . n , l  - - -‘ _ - - I :  cam . ~~n i c , - 1  n ; , , - - n~~~~i a l 1 - , - I T : ’ ‘- , n~~c i — y  ‘- ‘ - ‘nm ’ ’’,- ;

n- -I o a - ‘ - 
— - i n -  n . m  ‘ t i  t I - , 12 C i n  n , t ,  :1 or I c~~’i ’  i c  r- ‘ - n  t

I . 1 1 - - , -
~ j • I • n ‘ a i-s — J ‘ ;  ( 

‘ - I t - - - - r r~ - - c l I ~ 5 * (~~55  r~ ‘ r’’~: - n ’-’’

‘ ‘ j- - - r n t ’ f h -  r n n i i ] y as t I~~ 1 ‘ - ; ~~~t~~r j~ , ) - n  ,.. : ; , n -~~~
,

— n - m - - : ~~ ~: I r t  n . :d t i .j r : ’ : I j ’ : ’ ‘ : 5oi r a t ’- : : .

v a l i  i - t n - s i  r . , i t o o ~‘ n n ; , l -  r et ,  b . ’ I I S  ~~ I t ,. en ‘~~ ‘ $ 1’’ t- ” jO ’ ( - -‘)

I i ~~:- t i  1s~~’; (~~‘ n  * .C 1 - - n 3~~~ cours.- - )  ‘ - e ’~~- r~~’ r ’ - ~~, - r t a 1 i ’ ; e  of

t ’ -  SCCn’ , or ( 1 )  t h e  i n , :  - n  of ~i - ~~— - n c _ n b  (14’ I ” ’; ‘~~~

: ‘  ~~1n . n-  ‘ ‘  i n t l  ‘‘1 ot~m ’ n  v’,’ l a t i n - n ’ : . - ‘ ore f i n n b i r n ’ n so u n  i c a t _ r

- n t I ‘ n- ,n~ ‘- c - sr  tc, have n-’ r n  n i f i c a i : tl y io’.-1c-x C’T scorns  t I - in  sir i l ar

T d (  l e V c - l ~’ i n  ot er r at i r ,’~ i- , a r c ;  ‘ - ‘ive ‘ ‘ -e- r t  f’c’er s or t i s i r  r a te

~ i:’ 4 i rem ‘s , n i s r t i c  v - .’ I. e -fo r , -  t ,;} ir e  t ; .r  advar ,c -nr - nt  en:ar~ for

in n” ’ ,~r c_ I I c -  r t  c’ I n v ’  I

1; . T I c  f t ; 1  lot . ; : , :  r’ c_ nn~~~r - , ’n ’at  i o ns  a r e-  “II” in

- ;~~ n I, ‘, . d r v i, ’’i - i i n - m m ’ : :

- I v  t~~~~n—~~~, - ’ ’~ f i n n - n o ’ , : ;  ‘ -r a I d  ‘ r r’ :1 n, - : ’ s ~~~‘ ire d i f fe r e n t  ‘‘12( 1 ‘‘ ,

X n l  ‘ 0 , . l i n ’  r , lt l r : ’ : . I i .  adr ! it i c ’r n , t Ime  -~~~n m i t - I  ~°n - ’- t - - -m l  l evel sa t ir e

sca le ‘ , ‘ ;u i c  m e  S n ’ I ied I ’  diffcr,’it 1t ~Ic;cs to I d i-s e  et ’ te r 121 (‘C

n ’ - n t  ‘ - r j , ) s  i r  , , t , : , ~ r d e t r - r r ’in e  t i , ,-- r ” l m a !  ii i t - ’  of t ’ - ( ‘ , r a t i n g

x ‘:u’ -

0.2 :,..,,~~b iii? y 4’or”-uJas :Pou ld ‘ e eva lu a t e d  w’ icr ’ i rclude sor e mea sure

n1 t I n e  t~ i t  I i n  (1 r( ‘TI l ~r”. t n ’ ‘mr,dr-r ‘n t  S!- ’ 51 ’ ’ l I t - f ’  t (•xt .ual rater i al . /‘.

n adat  i l iLy  f sr r  al a  ~‘i : iC in ‘:1 ( % U 1 ’ i  1-0 evaluated i n .  t i- i s  mranne r i s  the
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~,~~ii 1j f l ~ scale .

• 3 - h - t t - ’rr : iy , ,n t ,  ion should I i- n- a- ha of t i e  r e l a t i o n - n h  i rn I rtt- ’ccri ver t a]

i r . t r - 1 l  1” l ice- ( , t r  i ’easur -d -y C ’~’)  a m - c m -e r f o r r . an c  (er ror  r at e s)  no

, i ? ; n i  lot.’ (‘I. n t u c l v rue~ tjon:’i. ich - i  ‘h - t ier -i  rat  icr n-oni i ,1 n -e r r - i t  i-n ip-

curr - n m t  v a l i dat i o r  of t ime  I T techr.in~ue-m: , am: n-:eI 1 •‘tr r ov i a ’-  ir ~ orr’a t- ~n r .

ahout  readina and ot in ’-r  ‘ } - ‘( (‘ i1’tjtudet- arid sI:~ l i t -  ‘~,i - - i c l  5n ’- ’U i” j~er1 .m r - s

I e j r provenl t l ,rou cni.  e,ducat ion and t r a ir i nq .

9. 4 ‘ orn  should h e  done to analyze  ].onq-tern r e t e n ti o n  of the  i n fe r - -

;a t  io n I ,r c~5e rted it - h iOl ’  an d lot-’ flT . t -tud~’ euestions , an -  ‘- - e l i  as thu

j r n cj d c r t a l  l e a r r ir m h  which . m a ’ .- occur in ,i n - s n ci at  ion t - - it I - a r~-.s ey ( re ~~~~~~~

and lo~ C l  s tud y ‘ uestions. ‘tlmse results would shot-, t-;het 1,~ r mr.ore or

‘ewor hjQh CT stud” ~uestions should i-c i n c l ud e d  i n  “~ ( ‘ ( m .

9 .5  ‘ilme trair.ing effectiveness of orqar-izinci  stud” ouestj or ,n (and

associated T.T~’ r~a terial ) in a r,rodnrcssive, systematic fashion fror

1ev’ to hi’-Jb (T. rating s i n  re lat ion  to inst ruc t ional  c-1 i ec t iv c -~ St

.be deterrmir,ed . h uch an organizat ion may result in  easier learnino and

Let ter  r e t en t ion  of hiah CL m ater ial  than would be true for t i-c nr -’ment

W X I s  jr wi -ic ) ,  su c h  of the  r -a ter i a l  is presented ursvst emsat ical l” .

9. ( Resear c h should I’e conducted i nto us ing  the Cl, r a t ine  te cinn ic uc

(or a s im i l a r  technique)  for ‘~udoinq the conceptua l d i f f i cu l ty  or

comprehensib i l i ty  of grap hic r ia ter ial .  The information rr’su)tino fror

th i s  research would ind icate ti m e aptitude and si - i l l  level ( - m d

associated t r i i in i  nq )  reou~reO to ur(’erstan’l and use qr .-in!ni c r ’ator~ al ~~~.

9. 7 Con cej -tu al  , .‘vo i iu d ’ : r s -r t n -  should he usc- i ’ to, correct or d i  s c a r - ’

fa u l t y ,  aI’n I iquous , m i s l e a d i i ;n , or decept ivt ~ ( ‘ u r n  -
~~ v ”)  study c~uest ions

and T ’ :’ IT pan-’t-i ;cs f ror  12i ’( ’( s . I-y i l - n  t i f ’,’i me ’ ‘ i s  r .-tt mr i a]  ‘-1 reuc ’-- lot--



CT pfnd-.- cu ert  ions  ~- ‘~~ic I  ay e  ~ ‘n t -or j f ed ~- ‘j  ~ I- }‘j,it, error y a f e - ’ n , T~o5r

oi- -j cct ive and ir r r r : vc” I  eu a l it v  control  ~~ u]d h e  e~’orci~~ ”~ over ~~
‘

utn - ’v~~Jo r rc - rt , ard ) ‘etter t r a i n - - inn  should r e s u l t .

:? 7
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11. 0 FOOTNOTEC.

1. Lieutenant Cominarcier Biersner was F’roqramns/~~ystems : : f fi f t i  ‘.“- r ,em ;-
I -v a lu at i o n  Anal yst ~, ‘ei~e 0 1A2) at the h iv a l  ~ducation and Tua i r .u : ’a
Support C~ iuttand , and is now Research Projects  o ff i c e r  (Cod e 01)
Naval Submarine Medical Research Laboratory , Naval ~; ‘bmarine base
hew London , Groton , Connecticut 06340. Mr. Doucette is a
Math ematical Statist ician at the Naval Education and Traininq
Prograri Development Center , Pensacola , Florida 32509.

,‘ The subject  group varied by p lus or minus two subje,cts from this
fiqur e (N = 30) den~ ndina or~ whether or not a subjest  f a i l ed  t
sul ’rnj t  one or more of the twelve assignments described below in
section 5.2.

3. The characteristics of a well written hPC~ are (a) the w r i t t e n
material is presented I~ i grarmrCatically correct, organized , and
conci se fashion , (b) the information is technically accurate ,
and (c )  the study questions are judged to be f a i r  and va l id
( f a c e  va 1idit~ ) .

4. h ection 6 l prov~ -1es evidence that  this ‘iudgement was not entirely
- -il id.

5. -~ ~‘incaid PC~ was not computed for the HTM 3 & 2 assignment
b - o ~ let heca nse the Kincaid formula was developed only from
sanpic passages selected f r o m  RTMs (see reference 1 for details

6. These parameters were (a) less than l ive or more than 37 words
per sentence , (b )  less ~l~an 120 or more than 200 syllables I-er
100 words , and (c) a Flesch Reading Ease Score of less than 0
or more than 100.
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APPEN!)IX A

The 4-Point Ratinq Scale Used to Judae the
Conceptua l Level (CL ) of Stud y Questions
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CONCEPTUAL LEVEL 1 (CL = 1)

Ta t -  ~l I m m w C ’r  and/or ques t ion  stem are taken verbatim C I r  near l y
VI rI- ,)tlm f rom t h e  manuaL  Even i f  the meaning of ;ome of the words is
not t o t  t h y  understood , the a r l m m w & - r  mm obvious because the words arid
s en t e nc e s  i:m thc study -jucstion nearly duplicate the words and sen—
tt’nces in them manual. Included under this ~atinq would lIe those ca ;es
l l i  w m l c t m  m ;o m e of t h e  words  f r o m  t h e  manual  may have b e t - r i  removed f r o m
the gt si\ - q u . - m ; t  ion - i  v :ce  v t r - - ; i )  , but the key wor d - ;  remain  in t he
-dm 1 - o rder  ( r e a r r a l m q - m ( : t  ot  key words ~s t h t - r e f e r e  unnecessary)

CONCF: I T~ AL LEVEL 2 (CL = 2)

Simp le reorder ing  or r e a r r i r i I ~t - r n t - r i t  of some of the words and
~,eh t ences in the  manua l  is nece ssary to answer  the stud y question . The
ar m m ; w ( ’ r  and/or  quest  ion m ;tem p arap h r a m ; t m s  the  wording in the manual .  For
examp le , n umbers ir e m ;e n t e d  i n  qr a i -h i c  fo rm in the  manual  are t r a n s lat e d
or con v e r t e d  to verbal form in the s tudy  ques t ion  (or v ice  versa) ,  or a
positive st~jtt’ment in the manual is reversed to a negative statement in
the stud y q u e s ti o n  (or v ice versa). Most of the thinking is involved in
reword i ng , r . - o r d  ring, or reversing the  sentences and words in the manual;
fter this procem -;s i m ;  complete , little thinking is required to answer th e

st udy question.

CONCEPTUAL LEVE L 3 (CL = 3)

A simple s i tua t ion  or problem described in the study question
requires the application of one or more general procedures or concepts
presented in the manual. All of the information necessary to answer
the study question is provided in the manual or the stem of the question ,
and the interrelationships between st e~~~ in the procedures or between
concepts have been fully specified . Some care , however , may still be
required in fol lowing or app ly i n g these procedures or concepts. For
examp le , the answers may be s i m i l a r , and may vary only sli ghtly according
to minor deviations in following or applying the procedures or concepts
described in the manua l ;  or the in fo rma t ion  required to answer the stud y
question may be located in several widely separated sentences in the
manual , and the reader must organize the sentences together in order to
answer the study question . A high level of care and discrimination is
therefore  required in answering the study question . Although the
procedures may be s t r a i g h t f o r w a r d , some t h i n k i n g  is required in orde r
to in sur e t h a t  the information or conditions which are specified in t h e
study question are applied in the exact sequence or fashion that is
indicated in the manual .  Moderate levels of thinking are required ~n
convert ing,  t r a n s l a t i n g, and o r g a n i z i n g  the specific conditions or
i n f o r m a t i o n  provided in  question stem and ar - - ;wer  to the q t ’ n t - r , i l  prIe~~- Ihurc

or con cept present  I-Ij in t h e  manual . The r eader  is usually certain If the
cor rect an swer a f t  r re - l i t - c - k i n g  the steps or loy n c ha t  have -oen ~-r , -sc r i bed
in the manua l .
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CONCEJ-TUAL LEVEL 4 (CL = 4)

Answer ing  th i s  typ e-  of study question also requires  the appl ica t ion
of one or more general  concepts or procedures which are presented i n  tht
m a n u a l .  Some of the r e l a t i o n s h ips between the concepts or steps of a
procedure are , howeve r , either vaguely described or remain unspecified
in the m a n u a l .  Much of the interpretation , inte gration , and oryaniza—
t - ri of the  con c e it s  or procedures provided in the  manual  mu st  t he re fo re
be done by t h e  reader  in order to unders tand and answer the study ques-
t i on .  The reader may also have to make assumptions about the  relationship
between i n f o r m a t i o n  provided in  the manua l  and information provided in
the s t u d y  ques t ions .  For example , the stud y question does not present
a l l  of the informat ion necessary to determine which of the answers  most
fully meets the conditions presented in the manual or , vice versa, the
study question contains information or conditions which are not specified
inn the manual. The reader is often uncertain of the correct answer
because of the assumptions tha t  must be made in in te rpre t ing  concepts
and procedures in the manual , or in applying these concepts and procedures
to the condit ions specif ied in the study questions.
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Examples of ~tudy Ouøstions and )‘ssociated P”~Pa swjes i~ated at l ach of the 4 conceptual
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CONCEPTUAL_LEVEL 1 (CL = 1)

Study Ques t ion:

The standard taper of pi pe threads per foot is
1. 1/4 in.
2 .  1/2 i n .
3. 3/4 i n .
4.  1 in .

A s m ;o c i u t  e d  kTNI F d m ; m ; t qe

The NPT , w h i c h  f o r m t - r l y  stood for N a t i o n a l  Pipe Thread , is
s t i l l  n m m e d  as a I d x  rvov~’r and now refers  to the new name for  t lie
. , 1lm e t i n r I - I I I I , Amen - - u $t an d ar d  Taper Pipe Threads. The standard
t a l s - n  - p i pe -  t b r t - u 1 i s  is 3/4 inch per foot . The n umber of threads
i - er  1 :  :hn v a r ie s  .l I l I I l i n I ( J  to  t h e  size of p ipe as follows : 1/ 16—
d r I l l  1. o- inch  p 1~~e have 27 th reads  per i n c h ;  1/4— and 3/8 inch  pipe
ha ve lo  t h r , - 1 i I l m ;  p e r~ i t c h ;  1 / 2 — and 3/ 4 — i n c h  p ipe have 14 t h r e a d s  per
inch ;  1— , 1 1/4- , 1/2~~, and 2 — i n c h  pipe have 11 1/2 threads per inch;
2 1/2 - i n c h  1 - l i d ’  and j - i 1 - t -  l ar g e r  t han  2 1/2 inches have 8 threads per
inch.

CONCEPTUAL LEVE L 2 (CL = 2)

Study Question:

The gaskets used between a grinding wheel and it retaining
washers should be made of

1. iron or steel
2. fiber or rubber
3. paper or cardboard
4. copper or brass

AsSociated ~~~ Passage :

The f o l l o w i n g  opera t ing instructions and safety precaution s are ’
app l i cab le  in gener a l  to a l l  g r i n d e r s  and s p e c i f i c a l l y  to t i n e  ben ch

~nnd pede s ta l  types .

1. When s t a r t i n g  a grinder , push the s ta r t  but ton  and s tand t o
one side for  at least one minute while the machine comes up to f u l l
speed . There is dlways a poss ib i l i ty  t ha t  a wheel may f l y  to pieces
WILt -n m ((Cm l i l ~~ up to Spet ‘ ml .

2 .  Never force work against a cold wheel; apply work gradually to
give the whi t -el an opportunity to warm . You thereby minimize the possi-
bility of breakage.

3. li on - li e wheels Icui -full y. Before replacing a wheel on a grinder ,
alwa ys - ,ou nd li t  new w i n t - t i f o r  cracks. To mound a wheel , tap it 1 i q h tly
w i t h  ,~ 1 1 4 - I t -  - I t  card  wood ; a Ij u o d  wheel l iv e S  o I a clear ringinq sound
w f ’ - r  t II ~~~ J C 4 I i , but I ‘ li t - ~}, - 

i cr 1uck t ’d  , a c lu l  m~~1 is heard . Make
cure I L it  a f i be r  or r m i k , l , t - r  g a ske t  is in place be t W e t  - n-h side  of the
w i t - t i ,~r i m l  i t s  ret ,it n m u n i ~ wa sher  ( : ; i I l  n i  l i t -  whee l  f lan g e )  . T 1 ;~- t  e l m  t h e
- l i n d i t -  nut. j u , t  enmo u qhm to hold t h e w t m . - e l  f i r m l y ;  if  t i 1 - nut is t I l ;hi t tI1e-d
t o m 1  much t ine i - i t r n ~~m n q  s t r a i n  may damage the w h ee l .
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(if ‘ir  m r - i  a l l  cot  i i  I~~~~ 1 ( l ! 5  j; t in ’ c - v: t .-r ar” I ~~~~~~- t  I efo re l i ~~~~ t n r c° i’-
A t ’ l l ’_ e ’ - . , t i ’ :  f l a r . -  i n  l i l t  1-j to iur t m - ; t  l i t  t n - r H -  n n - : l r ,-n ’ of C I t - j r

I I . -  I i -  . ‘ ‘ I - - c i f f i - i t r i c e  1 - -t - t l - t - t~ o t ern - c m l  f i r e  ard ~~l,3 - ni , ir d,

I l  Is: n i -  a l~~cI f r r - - , t horn ns n - o n i ’ - n m t u r - i  t - ’ ; r f l ’ ! I c ;  ~ac~ ‘-f t la -  f l i n ’ I n t o
t ’ ’ t c - ’-c~ t j ’  it a fl~:-~h) ic :  , t~ o f l a ’t e  1 n r n i c  ir1 or I evor, t in e I-crc-I
r i c i r n ’  cI arl ’—r . — 1 i~’lJ i n -  i c c’-ata c ’cri :-n- m 1 ’,’ a loud c - r a n  or - -

~~~ ‘- -i ’m
- - I an e ImO~ -s  n : i t  . ~

- f Ui r71 ,mc c- j mis-i a 11 y ,lc cnnlnt ,1 r i cs ~~ a i c-si rn-’ or
n’ n a li nc  -mound . 7t the Sant e tire , the flar e at the t m ;  t-ccones i~ n~~t v

- 
~, ianm -- ~ n i n - I e - a . ‘lion a f la s U -aci occurs , u i-m t - l a te ly  n t u t  of ~ t ; c-

mci Inx\- lTl - n  valv’- , t)rn close I hr ’ m c p t v l c - r-;e va l ve .  ~ hc occurrence  of
, m f l a n i  ~~~~~~ i i - r ’ r c t  P that ‘- t- n;— n - t ; - j r n  j~ y -~~i j 1 -~]j~~, ‘,‘ron” r ’j t lner  ‘-d t~
t I e - torch or w i t h  is e manner of ‘ a n , ~~I i re  i t .  -‘ I ack f i re  is 1 cn n  - n m r i o t l c .
7 n u a l ly  the f l i i e i -ar  i -c  r c l~ c t. - ’-  wi thout d i f f i cu l t ’m . Tf e~~cl f i n  rn q
contir.ue-r i+iicrevr r t’ ‘or c -~ i n  rd  m e l  ted ch -cl. Fcr  there  cau Ses: over --
heated t 1’ , ‘n i :; ‘,~~r i r: (m ‘~r c ’ ’ t i r t - r  n ireater  tha n ti-at r r co in r ,cn - m ed for t - l t -
t~~ t c- i . : ” t einc u n - - ’i , loose t i ’ , ‘-r - !i: t c-n t I c  torch -  t i - ’  nea t .  ‘ i n--c-c
s~ mp ~ i f fj r u i tj e s  1~a” e tI”- caune of -1 f1; c-i~~ccl , except tha t  the
ni fficul tv is presen.t to a qre ,-i t c r  d ‘tree . ror exam-rip , t~ e tnrc~ 5r-n ’

ma’~ be distorted or cracken .
r’o~~t instances , bach I i t e : S  ~~t d  f I i S h i \ l e n- - resul t front c ar e i r  c - c —

nenc . - e e c-c  n,i ffi cultner ear ~~r avoided by ra! n n c  c e r ta in  t hat :  ( I )
a l l  cer ,r cc t ionm — 

~r the svr-ter are clear. ant’ t 1 c - ’ * ( ‘ )  torc~’ v - t lv e s
are  c l oc -r u  (not omen or merely  loosely closed ) a t i  t h e  e cU i m ’r c-r , t is
stowen ; (3) tnc oXyecr. anc acetylene ~:orkiy,e ‘r I - n -c -ur n - c- I i - - ’ -  n r c  I -’ nc-c
rn-corr ’°r~~cd for the torch; enplo’;eci; and (4 )  t i - n - -  :nv ’ -te ’ c - is : urued of a i r
i , e f ( l r p  I Pr- an aratun-; Ic uc--t’ - - Pur q i i : ’ :  t i m e  -;y’m l c”- of -~~ i r  ~r c~ - *‘cia l i v
r ’ ~~’s’ ar’ . m l  t ’r,  h o— c ,“nlr t r ’t -ch ~c~v m enn r,t’wl ’- r c - -ii”rterl or a ‘— ct ‘-vi i n - ~m ” r
iS 3 r coz~ orctt e:  i c - t o  t h e  cvr t .en . P urqi r .o a :;vc-t c’- is ac~ o rp 1  ~c-~~”- m i n n

fo l lows: Close torch valves t i q i m t ly ,  thr ’ r smo t ~lr ’  or’ -’r I -h e  cvi i rider
valves. ,c’xt , ont  n t 7 ,-  r eeu lator  si i n i m t l y .  en the  torch acety)  u’fl(’
valv e and al lot ’  acet ’,’iene to escape for ‘- to  I ’- neoor .dc- , dr ’p~ i i h l rir ’ or.
the lenqth of t i - c  l o st ’. (:losr- the acety lene va lve . :;pnc.-~t ti t’ pro-
cedure or th e  oxyqer s ide n ’ the system . ~ft e r  purc’iiro air ~ rn-~r- ~~t €

system , l ight  the torch as described p rev ious ly .
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The relationships of readability (as meAsured by the Flesch
an d K i n c a i d  f o r m u l a s)  and conceptual  l~~vel (CL)  to performance
on study q u e s t i o n s  conta ined  in the Nq’n- Re s i de n t  Career Course
(N R C C )  H u l l  M a i n t e n a n c e  Technic ian  3-~-~~ NAVEDTRA 91510 were
analyzed . Two samples of study luestions , a nonerror sample
and an e r ro r  sample , were  drawn f r o m  t h i s  NRCC . The r e s u l t s
show t h a t  readability between the nonerror and the error — -‘--~
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~~ amp l e s , or be tween  f -h e  t~~x t ’in1 ~~~si~a - u s associated with these
s amp l e s , does n — t  d i f f e r  si gnifi cant l y. The results do show ,
however , that the conceptual levi-i (thinkin ~~) required to
a n s~~er th e st n d v  n 1 I ’n t  ionn is related to error rate . That
is , h i - I h  e r r o r  ra te  s t u d y  q u e s t i o n s  a r e  associated with hi iher
conceptu al levels than ire zero error Late study ~p~estions.
Methods ire p r e s e n t e d  f or u s i n g  h i g h  and  low CL study questions
to im ! rove the trainin~ effectiveness of NRCCs . he recommenda-
tion i s ma de that re te n tion of high and low con tua l level
study -iuestions be analy~o-d because previous rese ch has
indicated that better learning and memor~ m a y  be associated
w i t h  study questions that are highly conceptual. The recomrnencla-
tion is also made that the relationship between NRCC perf~~rr-ance
and verbal intelliTence (measured throug h the General Classifica-
tion Test) be determined because ‘~‘erbal intellicience is most
likely inv olved in performing wel l  on highly conceptual
study questions. In addition , r e a d a b i l i t y  formulas sho u ld be
developed to include conceptual leve l as a f act or in determining
reading c~rade levels. The inclusion of a conceptual level
factor in r e a d a b i l i t y  formulas could improve the validity
of these formulas.
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