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1.0 Sl ARY. The relat ionshinsg of reada'ility (ae reasured Fv tle
Flesch ana Kincaid formulas) and conceptual level (CL) to rerformance
or studv cuyestions contained in the pon-Resident Career Conrse (1I7CC)
liull laintenance Technician 362, NAVEDTRA ©151C were analvzed. Two
sarnles of studv questions, a nocnerror samnle and an error samnle,

were dravn from this NRCC. The results show that readatilitv hetween
the ronerror and the error sawples, or bLetween the textual pascsaces
associated vith these samples, does not differ significantly. The
resulte do show, rowever, that the concentual level (thinkina) recuired
to answer the study questions is related to error rate. That is, hiab
error rate studv cuestions are associated with hiaher conceptual levels
than are zero error rate study questions. M"ethods are presented for
using high and low CL study questions to improve the training ecffective-
ness of MCCs. The recommendation is made that retention of high and
low conceptual level study cuestions be analyzed hecause previous
research las indicated that better learrnina ard memory may hbe associated
with study cuestions that are highly conceptual. The recommendation is
also nade thLat the relationship between MNPCC performance and ver*al
intelliocence (measured through the Ceneral Classification Test) bhe
deterntined because verhal intelligence is most likely involved in
perforuirg well on highly conceptual study questions. TIn addition,
readatility formulas should be cevelored to include concentual level as
a factor in determinino reading arade levels. The inclusion of a
concertual level factor in readabilitv formulas could improve the

valirditv of these formulas.




-

2.0 ACKMOWLEDGMFNTS. This task could not have peen accorinlished
without the coopreration of the CNETS/NETPDC Peadino £kills !Measurerent
Wor' ing Crour, which was formed under C!ITTS Field Tasl Assiarment *o.
60044. cspecific contributions by members of this aroup include: the
technical acdvice and recormendations of Dr. !largaret Smith; the data
collection procedures and organization provided by 'ir. Andrew Dow and
Mr. kobert Fallrie, and the insight afforded Ly Mr. Pallme that led to
the eventual deveclopment of the 4-point conceptual level rating scale.
Rppreciation is also extenced to OSC!M Maurice McCov and Mrs. Carol
Jerrigan who collected the reacability data, and to I'iss Donna *irv
ané *r. Michael Mantle vho served as judges ir determirinc the concen-
tual levels of the NNCC naterials. The vrograrrinag suprort provider

by 'iiss 2. Lucille fhir} was invaluable and greatly arpreciated.




3,0 PURPOSE. This report presents a preliminarv analysis of the
relationship between performance on study questions which wvere
adniristerec routinely in conjunction with a current ‘lavy Non-lesident
Career Course (1'RCC) and the readability of the Pate Traininc FManual
(RTY) passages from which these study questions vere talen. In
addition, the association letween study question performance and the
readatkility of the study cuestions will be determined, as well as

the relationship between study question performance and the conceptual
level recuired to answer the auestions correctly usinag the inforration
provided in the associated RTM passage. The data and interpretations
found in this report may re useful to the Chief of MNaval Iducation anc
Training Support and others within and outside the laval Fducation and
"raining Command in developing and implementing policies and procedures
to male reading materials and nonresidential instruction more useful

to the consumer.

4.0 BACKGROUND. A number of recent reports (references 1, 2, 3, and
4) have demonstrated that a substantial difference may exist between
the reacdahility of Navy written materials and the reading skills of the
llavy personnel who are required to read these materials in order to per-
form well or to advance in rate. Readability of written materials is
measured by a variety of formulas which are highly intercorrelated and
which are purported to measure the level of reading difficulty in terms
of the average grade level of education which would be required to
comprehend the textual information. 1This average education level is

referrec to as FPeadino Grade Level (RGL).




In resronse to the above findinas the recormendation has teen
made (OP-099 gneedletter 9911/550 of 13 March 1974) that the PGls
of Mavy training anu technical materials should he reduced in order
to irprove occupational nerformance and advancement opportunities amonag
Maval personnel. Later recommendations (reference 1) cautioned agairst
arritrary lowerinag of RGLs, and stated that while the formulas which
are used to measure PGLs ray be useful in monitorino the overall readira
difficulty of written materials, the validity of these forrmulas in
measurinc accurately the reading comprehension of Navv enlisted personnel
for Mavv technical and training materials has not heen estatlisher”
satisfactorily. (An extensive discussion of the validity protlers
associated with these forrmulas is provided in reference 5.) Tnasmuch
as rost of these formulas determine RGLs using some corthination of
average sentence length, number of syllables per word, ard thec frequency
with which words are used in common forms of writing, the possibility
exists that writers could use shorter sentences, reduce the complexitv
of words, and use more frequent or common words and still write material
which is difficult to comprehend. 1In addition, little has reen done
either among military or civilian organizations to show that conscientious
use of these parameters (shorter sentences, less cormplex words, and
more common words) results in improved comprehension or nerformance.
Although the Air Force (reference 6) has demonstrated that reductions
in the rutonated Peadability Index (ARI) for a techrical manual
significantly improved performance on an associated multiple-choice
test, these findings must Le interpreted with caution. The arsence of

pre- and post-revision sarples, and the failure to have ernerienced




editorial writers conpare content and stvle characteristice letween
the two manuals, leave open tlie possil.ilitv that rodifications in con-
tent and stvle (in audition to reduced IGLs) may account for tlre
nerforrmance inrroverents which were orserved. The advice found in
professional writing ouides (references 7 and 8), as well as the
recomyendations nade by researchers (references 1 and 9), would
indicate that "GLs, while irportant to total reading comprehension,
should not be ermphasized to the exclusion of content and style.

7. nrorler: that vas ignored in the ahove PMir Force research, and
that is often ionored Ly writers as well as those who are resnonsitle
for using written naterials in training, is the rclationship letween
test questions and the textual material which provides the information
necessary to answer these questions. Little is known about the
relationship of iten error rate to (a) the readability (RGLs) of the
muestions, and (L) the extent to whiclh cuestions dunlicate the textual
raterial (i. e., differences in error rates letween vertatim cuestions
and those cucstions which recuire the reader to conceptually organize
or think about tie written information in order to provide a correct
answer). The possilility exists that comprehension, as measured by
test cuestions, is not related solely to the readahilitv and style of
the textual raterial, but is related as well to the readahilitv of the
test questions and to the conceptual level reocuired to answer the

cuestions correctly. Previous findings (references 9 and 10) have

indicatec¢ that the study cuestion techniaue used in Navy NRCC courses,
in vhich the test cuestions (referred to as "study cuestions") are

used to guide a reader through the NMMs, mav not be traininc effective.




This technicue mav be ineffective for retention of the tevtual
information which answers the study gquestions and for learnina

textual information which is incidental to these questions. The
results found in reference 10 show further that error rates amona study
cuestions appear to be related to the extent to which the reader rmist
(a) search for the answer in the RTM, and (b) integrate several
different tvpes of information in answerina the cuestion. The findinos
in reference 9, however, may not he valid for Navv use because of the
snall sample size, the hiah reading skill level of the subkjects, and
inadequate research desian and statistics, while reference 10 used
highly suljective techniques to judge the textual factors that were
related to error rates among the study questions.

The following data were collected in order to determine if error
rates for NRCC studv cgquestions are related significantlv to (a) the
readability (RGLs) of the textual materials (RTMs) which contain the
answers to these cuestions, (b) the RGLs of the study questions, and
(c) the extent to whicn the RTM information must be integrated and
organized conceptually by the reader in order to answer the studv
cuestions.
$.0 METHODS. The following subijects, procedures, and statistical
techniques were used in collecting and analyzing the present data.

5.1 Subjects. The subject group consisted of 30 Navy personnel2
who submitted answer sheets in order to obtain credit for the NPCC
entitled "Hull Maintenance Technician 3&2" (IMT 3&2). The MMT 362
course was used because (a) this course was judged ry several
experienced Mavy writers to be well written3, (b) the HT (lull

6
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Technician) ratinc was judaed to he a fairly representative lavy
ratinnd, and (c¢) much cof the data had alreadv heen suhmitted and
analyzed in conjunction with another NRCC research project.

‘The F!!1 342 cours- is taken routinelv by apprentices (or "strikers")
who are tryina to cualify for the T3 (Hull Techniciar Third Class)
advarcerent in rate examinaticn, or by those personnel who are ratec
alreadv as HT3s, Yut who are trvino to advance to M2 (full Technician
fecond Class). The present sarple is not neccessarily representative
of the total 1% Apprentice and LT3 populations enrolled in the IMT
362 course, hut is more lilely to he representative of those nersonnel
vho corpleted the course and whose cormmands (shins or stations) were
dilicent and coorerative enough to return the completed answer sheets.
The present sample therefore prohably represents a more intelligent and
motivated group than those who did not complete the course or who were
assigned to commands whiclk neglected to return answer sheets. 1In
addition, the present subject group was taken from among those who first
submitted ansver sheets, so the possibility exists also that thev may
not be renrcsentative of the total group which eventually subnitted
these sheets.

Althouah aptitude and career data were not available for the
present surjects, a review was made of these data for HT Apprentices
and 1T3s who had passed the I'MT 3&2 course successfully and who took
the examinations for advancement to the next higher rate (FT3 and HT2)
in fugust of 1975. These data included average GCT, the percentage of

personnel at the I'T Apprentice and I'T3 levels who had heen at these




rate levels 12 months or less (months in rate), and the nercertaan

of personnel at each of thesc rate levels vlo had teen in the lavy

3€ rmonthe or lecs (lenotty of service). 1In order to determine whether
or not !'T is a representative Mavy rating, the atbove aptitnde anqd
career data for N Apprentices and I'T3s were compared to similar data
for rersonnel taking any “ugust 197% examination for advancement to
comparahle rate levels (Overall Aprnrentice and Overall Petty Officer
3 aroups).

B Tﬁfffiﬁ}ff The 111T3&2 course, similar to most NRCCs, consists

of an assianment hooklet and an PTI1. Fach assignment in the

assiannert hooklet covers 1 or more subject nmatter areas in tull
Maintenarce Technology. The chapters in the PTM discuss in detail

the subhject matter areas presented in the assiomment hooklet. Tach
assignrent consists mostly of multiple-choice study ouestions and a

few true-false and matchinag study questions. Previous research (reference
1) has stown that the RTM for HTM3&2 has an overall Flesch RGI. betwecn

the 10th and 12tk grades anc a Kincaid RGL of 10.72 grades. "he KT

382 azgigmment lhooklet has an overall Flesch RCL between the 10th-12th

S
arades.

both the I and assignment booklet are issued together, and the
course is completed at the convenience of the student during off-duty
hours with minimal supervision. The student is told to study the
specific pages of the RTM, which are identified at the lLeqinning of
each assignment, and then answer the associated study questions in the
assignment booklet. As demonstrated in reference 10, however, the reverse
procedure appears to occur more often~-the student analyzes the questions
and then tries to find the answers in the RTM. This procedure protahly

8




makes for sporadic and mixed coverage of the textual material contained
in the RTMs. Responses to the multiple-choice study questions are
entered on 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 cclumn refers the student to the RTM page which
begins the topical discussion from which the correct answer may be
derived. The ctudent 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 which probably encourages the student to refer to the
questions before reading the text. Underlying the answer sheet is

a duplication sheet which provides a permanent record of the erased
responses so that a determination can be made of the number of responses
entered 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
questions which had a single erasure were counted as correct. Only
the study questions contained in the first 12 (of 27) assignments
were analyzed in order to reduce the data collection and statistical
requirements. In addition, only multiple-choice and true-false study
questions (and 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,




only those questions which were not missed by any of the subjects
(nonerror sample) and those questions which were missed by at least

5 of the subjects (error sample) were used in the present analysis.
This differentiation resulted in 106 questions in the error sample and
77 questions in the nonerror sample. In order to make reliable judge-
ments of the reading grade levels (see section 5.3 below), those study
questions that referred to diagrams in the RTM were also removed from
the 2 samples. As a result of this procedure, 7 study questions were
removed from the error sample and 3 study questions were removed from
the nonerror sample. The answers to the remaining questions in the
error sample and the nonerror sample could, therefore, be referenced
directly 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 an 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 ll).6 This procedure resulted in
disregarding 19 questions from the error sample and 9 questions from
the nonerror sample. Following this procedure, the total number of
study questions in the error sample was 80, while 65 study questions
remained in the nonerror sample.

5.3 Measuring RGLs and Conceptual Levels. The Reading Grade Levels

(RGLs) of the RTM passages described above, as well as the RGLs of
the associated study questions, were determined usi.ag both the Flesch

Reading Ease Score (the Flesch formula) and the correction to the Flesch

10




forrula whichi vas developed recently by ¥incaid (the Yincaid formula).
The procedures involved in avplying these formulas to this tyne of
RCC raterial, which are too extensive to describte in detail ir this
report, have lLeen presented fully in an earlier CNFTS putlication
(reference 1). Described hriefly, however, the Flesch forrmula uses
the nurber of syllables, words, and sentences in textual sarples of

at least 1C0 words to deteérmine RCL. Tn the case of those PTM
nassages and studv aquestions vhich consisted of less than 170 words,
the CLs were determined using correction procecdures recommended by
Flesch (reference 11). "The Kincaid formula modifies the resultinqg
Flesch "I, by correctina for the readinag slills which Mavy personnel
have cemonstrated for this type of llavy training material. The V¥incaid
forrula has been found to reduce the rnajority of Flesch PGLs for MNRCCs
lLetween 1 and 2 grade levels (refercnce 1).

The Concentual Level (CL) required by the students to answer the
study cuestions fror. the textual information provided in the associated
1% passages was determined by 2 indevendent judaes. ™he judges were
psycloloay students (a fenale and a male) who were scniors at a local
university. loth judaes were about 25 years of age and were earning
albove average college grades. Neither judoe was familiar with MRCC
vriting or testirg nrocedurcs, and neither judae had experience with
7" terminoloay or vrocedures.

The 2 judges were asked to use a 4-point rating scale in
determinina the extent to vhick 'MCC students would have to think ahout
the information wnich was rrovided in the associated "™ nassages in

ansvering each of the 145 total study cuestions (80 cuestions in the

11




error carple and €5 cuestions ir the nonerror sarnle). The 4-point
ratina scale vas adaprted from the first 4 coanitive dorair levels
develoned tv Bloor: (reference 12). The judges first read the question
stem and the 4 choices (or, in the case of true-false iters, the item
statement), and then read the associated N7 rmassaqe hefore ravina
each judament. They were allowed to re-read the nassage, staterent,
aquestion sterm, and choices as often as thev wanted hefore mal"irc
a judgerent. They were not told, Powever, whicli chioice was correct
before ratino the studv qguestion. Thre rating scale, ranaina from a
scorc of 1 (lowest Cl.--little thinking reauirec to answer the studv
cuestion) to 4 (bighest CL--much thinkinag and orcanization recuired to
answer the study question), is described in Mppendiv 7.

The 4-point scale was explained carefully to thie judges at the
start of a trainina session, and they were then allowed to practice
on studv ouestions taken fror later FTM3&2 assiarrents (assianments
13 to 27). These nractice study questions consisted of an eocual nurter
of error studv cuestions (those cuestions missed l'v at least 5 of the
suljects) and nonerror studv auestions (those auestions which were not
rissed by any sulject). The error and nonerror cuestions were arranaecd
in random order. After ratinc each nractice auestion, the judaes
explained the logic they used in making these ratings. They continmed
practicing until they demonstrated consistency in separately scorinag
14 out of 15 practice cuestions (this criterion was reached after
2 practice trials). The 2 judges then rated the 145 study aquestions
for 3 hours a day over the next 5 days. The judges also scored 5

practice cuestions at the beqinning of each of these & davs in order

12
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to naintain familiarity with the rating procedurcs. The juaaes were

free to uce a dictionarv wlile readira the ™ passaces and studv
guestions, and to consult with 117 writers and sul ject matter eynerts
durina this period (neither of which thev did). The judaes ¢id not
communicate with each other while malkira the judgements, ror wvere

they told whiclh study cuestions were in the error and nenerror sarnlec,
/fter ratina eact studv cuestion, the judaes were told the correct choice,
as well as the ratings they cacii had rade of that study ouestion., TI€
these ratings differed, thev were asled to explain the logic which they
bad used in making the judgements. The oriagiral judgercents, hovever,

were usced for calculating the present results and were rot rodified

after these exrlanations.

5.4 <€tatistical I'rocedures. RMeliability hetween the 2 judaes in ratinc
CLs was deterniinred using an intraclass correlation. In order to insure
ttat these separate (L judgements not only varied in a consistent fashiorn,
tut werc trulv similar, a t-test for indenenndent samples was used to
cornipare thc means of the ratines made hy each judge. Differences ir

s and CLs for the error and nonerror samples vere also tested for
significance using t-tests for independent samples. (Tre (1. score for
eacl, study cuestion withir the error and nonerror sanvles was the average
of the ratincs acssiared to that question by the 2 iuﬂéeg.) "he t-tect

for incejencent carples vas used as well for corparing the GCT scores of
IT Apprentices and F'T3s with Overall 7yprentice and Petty Officer 3 qrours,
while the chi-square test was usced to corpare differences in career data
(lencgth of service and ronths in rate)aronc these groups. For the GCT

data, variances were “ourd to differ sianificantly for the ' "ryprentice

13




and W3 groups on comparison to the Overall Ppprentice and PO3 groups.
Congeocuently, the Cochran and Cox rmethod (reference 13) was used to
corpute the t-tests involvinag GCT means. Tevels of sigrificance

for all tests were p&.05(two-tailed).

.7 "IeULTE. The following sections present the findiras for corm-

-~

parisons lLetween 1iTs and other ratings, differences in MOl.s Yetweer

the error and nonerror sarples, reliabilitv of the judges in determinira
the CLs of the studv questions, and differences in CLs hetween the error
and nonerror sarples.

€.1 Comparisons Petween I''s and Other Patinas. Tahle 1 presents the

GCT and carecer data for I'T Apprentices and 1'"3s, as well as GC™ and
career data for those who were in the Overall Apprentice and Pettyv
Officer 3 groups. This tahle shows that significantly rore nersonrel
had teen at the LT Apprentice arnd HT3 rate levels 12 ronths or less
than persornel at comparalle rate levels in the Overall Rpprentice

and Petty Officer 3 groups. In addition, significantlv more I'"3s had
been in the Mavy 36 months or less than nersonnel in the Overall Petty

Officer 3 group. The proportion of I'T Apprentices and Overall Apprentices

97

who had been in the Navy 36 months or less did not differ siqgnificantlv.
Table 1 also provides evidence that hoth I'T groups were sianificantly
lower in verhbal intelliaence (CCT scores) than the Nverall 2prrentice
and Petty Officer 3 oroups. Tnasmuch as these data show that '"I' Arpren-
tices and I'T3s are not representative of other (overall) comparable

Navy ratings in verbal intelligence and months in rate, and that '™3e

are not representative of other Pettv Officer 3s in lenc*h »nf service,

the results described helow (sections .2 and ¢.4) mav not ‘e revlicated

14




for personnel in other Navy ratings. A further assumption, which
remains unsubstantiated, is that the subjects used in the present
analysis would be comparable to these HT Apprentices and HT3s in

sCT scores, months in rate, and length of service.

6.2 Differences in RGLs Between Error and Nonerror Samples.

"he mean RGLs resulting from the Flesch and Kincaid formulas for

the study questions and associated RTM passages in the error and
nonerror samples are shown in Table 2. The t-tests presented in this
table show that differences in Kincaid and Flesch RGLs between the

2 samples were not significant, either for the RTM passages or the
study questions. (A noteworthy finding is that RGLs for the error
sample were lower than RGLs for the nonerror sample in most cases,
although these differences did not reach significance.) Differences
in error rates between the 2 samples are unlikely therefore to be
attributed to the readability of either the RTM passages or study
questions. The average RGLs for the RTM passages and study questions
in the error and nonerror samples also correspond closely to the
average RGLs found for the entire HMT3&2 assignment booklet and RTM
in previous research (reference 1).

6.3 Reliability of CL Judgents. The 2 judges were found to be in high

agreement in rating the CLs of the 145 study questions. The intraclass
reliability between the 2 judges for the 145 ratings was 0.836. The
total sample of 145 study questions and associated RTM passages were
assigned an average CL rating of 2.36 (sd = 0.91) by the first judge,
and an average CL rating of 2.32 (sd = 0.93) by the second judge. The
appropriate t-test éhowed that these means did not differ significantly

(t = 0.369; df = 288; p = ns). Although these results do not substantiate
1S




the valicity of tliese juwicerents, this level of aareeorient in ratipos

indicates that under tlese conditions, the 7 juwidaes vere hiaplv
cornsistert in applying the stancards vhich were used to rate tle (T g
of these study ouections, i(rargles of study auestiors and associated
P massaqges whicl were ratea 'vv the judaes at the A concentual Jevele
are presented in /snpendiy T,

6.4 Differences in Cls Netween lrror and MNorerror farples.

“he mean 7, scor~ for the eorror sarnle was 2.%3 (sd = N.18), while +h¢

rean Cl. score for tie nonerrﬂr sarple vas 2.11 (sd = 0.7¢). The

t-test resultinag froit a cornarison of these 2 means vas found to Ye sijia-
nificant (t = 3.06; daf = 143; v £.005). "hese findings show that the
averaqge (1. scorc for the error saujle was siaonificantly hicher than the
average CL escore for the nonerror sanple. "Thie firdina indicates that
concertual difficulty is involved significantly in the Jdifferent error
rates letween tle 2 sanples.

7.0 DISCUSSION, The alove results show that readatilityv, as reasurnd
Ly the rlescp and Kincaid formulas, has little to Jdo vith rerforrarce
(error rates) on the TRCC for I773&2 which is adwministered under these
conditions. Tlese findings apnear to denonstrate that stylistic writine
factors, such as those factors rcpresented by CL scores, nmav he nore
important than readalbility to this tvre of performance in these trainrina
situations. Eefore discussing tlese FGIL and CL effects further, howvever,
the present results should Le interpreted with caution hecause (a) the
size of the sulject group was small (11 = 30) and selective (chosen

fron. anonc those personnel who both completed and returned the '1m™3e?2

course), (L) the alove GCT and career data indicate that I'T Apprentices
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and 13s (the ponulations fror wvhich the present suljects are assumed
to he drawn) arc not ertirely rerresentative of other “avy ratinqgs,

(c) the IMT3&2 course may not te representative of other '™CCs

inasmuch as these I?™M3&2 course materials arc recoanized v vrrofess-
ional MCC writers as heina esrecially well written, (J) the validitv
of CL ratincs has vet to Le demonstrated fullv, (e) although the
nresent findinas indicate that CL ratings may be involvea significantly
in !MCC perforrance, this conclusion must await cross~validation of

the present results using different judges, and (f) measures of reada-
Fility other than tle "lesch and Kincaid formulas (especially measures
vliich involve comprehension of this tvpe of course material amona

those specific llavy personnel who must read these materials in order

to aualifv for rate advancement) mav vet demonstrate a relationship
Letween reacdalility and 'mCC verformance. In adféition, the importance
of conceprtual level incdicates that measures of vertal intelligence
(such as CC™) may he related to !''CC performance, with those perconnel
who have hicher GCT scores verforming better than those with lower

GCT scores. This effect ray Le most apmarent for questions in the error
samnle which have high C7, scores. This effect couléd not be analvzed in
the present situation, however, because GCT scores were not readily
availakle for this subject aroup. The above precautiors indicate that
(a) the rresent findirgs should Le replicated on a much larqer ané more
represcritative subject agroup (from a variety of llavy ratinos and rate
levels), (bB) additional NPCCs should be used, (c) CL ratinas should

ke replicated and validated, (d) replication should involve recadability

measurcs other than the I'lesch and Yincaid formulas, and (e) a determination

17




shoulu bLe made of the relationship between poor NRCC performance
(hiah error rates) and verbal intellicerce.

The present findings appear to recmphasize the hacic deficiency
in rost readalility formulas---the failure to account extensively and
accurately for reading comprehension. These results show that formulas
which manipulate sentences, words, and syllables, even if corrected for
the reading skills which "avy rersonnel have deronstrated for related
raterial, cannot measurc the fine and subtle conceptual relationshirs
which aprear to exist betwecen textual naterial and criteria of cormpre-
hension and perforrmance effectiveness (such as error rates for auestions).
These formulas can account only for that gross level of comprelension
(or concertual) Jdifficulty which is related to sentence, word, and
syllable complexity, and can do little to differentiate the conceptual
level required to comprehend material which is similar in sentence,
word, and syllal.le structure. The present analysis overcame this
deficiency by having judges who were naive about the sul ject matter
(but who were not necessarily naive about study auestion difficulty)
rate the conceptual level which was required to compnreliend the textual
material (RT!s) sufficiently well to perform effectively on the studv
questions. These results indicate that readability consists of more
than sentence length, word freauencv, and word complerity, tut consists
also of the cognitive processes involved in organizing and interpreting
textual material. ~Ilthough the readinog skill which measures these
cognitive processes is referred to as "comprehension", most readina
experts have failed to specify comprehension in terrs Hf the relationship
which exists letween textual material and performance crit ia, while
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none of the availalle readino formulas incorroratec a separate comnre-
hension or 71, factecr into comnutations of readatbilitv. The Cloze
technicue prohably accounts for comprehension hetter than any other
availalle reading formula, lut the Cloze score may Le confounded hy
vocabulary develomment and readina sreed. This deficiency rost lilely
results from the dependent relationship which Cloze scores have with
standard reasures of reading ékill (reference 4). 7The validity rrohblers
associated with standard tests of reading s)ill further confound
interpretation of Cloze scores.

llany of the alove criticisms of existino readability formulas,
esrecially the Cloze technicue, have becn rade previouslv in a rerort
Lv Carver (reference ©). 1In this report, Carver also developed a
new reacdalbility formula, the Rauding €cale, which appears to correct
many of the deficiencies associated with the earlier formulas hy
acccunting for a comprehension factor. Similar to the CI. rating method
used in the present analvsis, the Rauding techniocue uses personrel who
are familiar with reading sltill developrent (e¥perienced teachers or
gracuate students enrolled in reading training courses), and who have
passed a screenino test (the Raudinag Scale Mualification Mest), to judoe
the readability of textual raterial. These judaes appear to use hoth the
input difficulty (sentence, word, and syllalle complexity) and storage
difficulty (the difficulty in organizing an? inteqgrating the input factors)
in determining the readability of textual materials. Although the
validity of an indepencent comprehension factor withir the Pauding Scale
rermains to be cdemonstratec, this technicue nonetheless warrants serious

attention Ly writers and manaagers of military traininc materials. The
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application of Fauding Scale techniaues to the present !''PCC data
would arpear to te an excellent means of validatine and establishing
the usefulness of tlic rauding Scale in reasurina the readalilitv of
military training materials.

Inasnuch as the alove results indicate that error rates in
IRCC courses arc not related to the readability of either the pPTM
passages or the stuly cuestions, hut are associated instead with thc
conceptual level recuired to answer the studv cuestions correctlv €rom
the information whicl. is provided in the associated I'TM nassarce, a
rrotlen arises as to vhether or not the conceptual levels of the difficult
study questions slwould te nmade easier in order to reduce tl'c error ratc.
Two lines of evidence incicate that altioucl lowerina the corcertual
level may reduce error rates, such a proceldure mav impair overall
training effectiveness. First, if the assumptior is valid that the
structure of NRCCs (especially the verration characteristic of nonerror--
low CL--SRtudy qduestions) pernits students to read onlv a fractior of

N

the R1l.s (rcferenc!’lO), then the more analytical and intearative

4 ~
characteristics of the hioh CIL study cuestions would probally result ir
wore thorough reading of the RIl's in order to o“tain the irforration
necessary to ansver these study questions correctly. The effect of this
more extensive reading slhiould be improved learninc of the textual
material, especially inproved learning of material that is incidental
to answering the study auestions correctly. Secondly, sone evidence
(reference 14) shows that tertual naterial that is associated with hiah
CL test items is remembered better (after 7 days) than textual material

that is reclated to low CL (verLatin) test items. This retention effect
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was found to be most significant for trairnineg situatiorns ir which the
Ligh CI test iters were adrinistered in a rre-test fashbion, whiclh is
similar to tle astiaiv et ion techpione used ir '"PCCa,  'jabh CI test
items (study cuestions) appear to result in hetter structured ancd
oraanized lona-terr vermorv thar low CIL test iteme (study auestions).
“hese data demonstrate that while hiigh €I, study cuestions mav be more
difficult to learn iritially than low (], cuestions, tle imnroved
retention of !iah €T, cuestions once learrned mav make such auestions
rore trainino effective than low CL cuestions. The use of high 1,
(high error) study cuestions in 'RCCs should continue tlerefore ) ecause
these tvnes of cuestions appear to make 'MNPCC students read more of the
T material and remenmber the material which thev do read better than
if these cuestions were pot included in the course materials. Perhaps
the trainirc effectiveness of 'MCCs could ke improved substartial{v
if morec hiah (L study cuestions were included in the present courses.
The order or distritution of higl and Jow CI. studv cquestions
within an assignrent may also have important traininc consequences.
/1though each of the present IKCC assignnents specifies several
iratructional ol'jectives, the written material associated with these
objectives (studv auestions and RTMs) do not appear to nroaress in a
systematic fashion from simple to the more complex levels within the
coonitive dormain developed hw Iloom (reference 12). At vpresent, these
vritten materials appear to be associated randomly with each objective,
Perhaps MNRCCs would be nore training effective if these written materials
were organized initially around basic knowledge factors (as indicated

by study ocuestions with low CL ratinos) and proqgressecd systematically
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to the more complex cognitive factors of application and analysis

(as indicated by study questions with high CL ratings). This method
would require that (a) the training objective be stated in measurable
terms, (b) the concept be presented in a series of training items,
and (c) performance (application, analysis, and so forth) be tested

1n a terminal item. For example:

Instructional Sequence

|

Training i Training ! Training Training Training Training Terminal
Item #1 | | Item #2 | |Item #3 Item #4 Item #5 Item #6 Item
Simple (Low CL) ¥ Complex (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
difficult 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 technique to
present NRCCs, should warrant an evaluation of the technique in the near

furture.
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The €T ratiras cescrit el ip thie report rav alsn Vave apet! or
ajplication in the ranagerent of MCCs. In reviewino the Aata fror
the error cample, alout 47.5 percent of the study cuestions in this

sample were ‘ound to have a CL rating of 2 or less. Thig findirg
irclicates that these study cuestions reouired little thinkirna to
arswer, Yut were nonetheless freaquently nissed. ‘The judges, as vell
as the authors of this report, nerceived these study cuestions to he
yoorly written--ambiguous, misleading, or deceptive ("triclvy"), or con-
taining faultv technical information. TI'sina samrles of reaular 'MCC
students in the future, corparisons could he made hetween the error
ates anc the CL ratinas for ctudy cuestions in ar 'RCC. Those study
cquestiors with hiagh error rates and low CIL ratinos could then he
identified and reworded, rermositioned, or eliminated. 72s deronstrated
in this report, this technicue would ke inexvensive because judges can
e trained easily and, with little expecrience, a judce car rate reliahlv
1¢ to 20 studv cuestions an hour.

rmother anplication of this rating technicue would he to judge
the concentual difficulty of inforration contained in agranhs and figures.
At present, a relialle technicue or formula similar to those used to
measure the readalility of textual naterial does not exist for araptic
materials. The use of judges and a rating scale as descriled in this
report could provide a measure of the conceptual nrocessina that may
e necessary to understand the informatiorn contained in orarhic material,
or in corbinations of grarhic and textual material.

The above evidence indicates that rore research should te done to

reacure retention of LPCC information over lona reriods, and that differences




T

in retention letweer irformation contained in high and low CL studv
cuestions should le analvzed. This rescarch should alse 2ocurent
whether or not vore extensive reading of PTMe (as deronstrated by
ircidental learring) occure in association vith hiah CL than lov CL
study cuestions. An analysis should e rade as well of the traininna
cffectiveness (learning ana retention of studv cuestions) resultirc
fror rearrancina and reorqganizinac (but not rewritinc) the eritten
raterials (FTMs and study cuestions) associated with I'RCC instructional
objectives. Such rearrangement and reorganization would occur in thre
rrocressive, systematic (simple to complex) fashijon describked above
accordina to the Cl, ratings which have been assigned by judaes to the
studv cuestions that are used to supnort the instructional ohjectives.
Inasnuch as JRCCes are a primary training medium for the Mavy “eserve,
and are also an important ingredient in the advancement of ilavy

<
3

enlisted rerconnel, these findinas wonld have implications for the
preparedness of the MNavy Reserve, as well as the validitv and manacerment
of the advancement in rate nrocess,

8.0 CONCLUSICHE. The followina conclusions are derived fror the ahove
findings:

8.1 MNPCC perforrance, as representec by error rate on study cuestions,
does not appear to he related to the readabilityv level of 'FCC studv
questions or associated RTi* passages as determined by a popular,
conventional measure of readability (the Tlesch Feadino Fase Score) or
by a readability measurc vhich has leen developed specificallyv for avy
enlisted personnel (the Kincaid fornula).

8.2 "™e extent to which thinkina or conceptual nrocesses are involved
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in answering tiie studv questions which is referred to as Concentual

Level (CL), ie related siarificantly to studv cuestior error rate.
6.3 Concertual Levels can uc ceterrined relially and ouicklv kv judaes
who are unfamjliar with [iI"CC content or cdeveloprent.
£.4 Toorlv written raterials (either ctudy cuecctions or asenciater
] fassages) ray re identified readily as thosec raterials which ar
1

vritter at a low CL lJut vhich Lave l:igl: error rates.

.2 [ valid determiration could not be made of the ertent to vhich (a)
these NRCC raterials (for the !"M'3u42 course) were rerresentative of
other "2Ces, or (¥) the answers of this sample of 178 in ceneral
would Le tyrical of other [lavy ratirgs. “hese findircos do incicate
that I%s aprear to have significantly lower GCT scores tlan similar
rate levele ir otiher ratings, ard have srent fever ronths in rate
anu fewer vears in the ilavy lLefore talince the advancement exarms for
comparatle rate levels.

RICON:Y dDATTIONS. The followina recormendations are made in
association with the alove conclusions:

9.1 The vresent findings should be replicated using different MCCs,
rates, ana ratincs. In addition, the 4-voint Concentual Level ratino
scale should te anplied by different judges to these ctlier IIRCC
materials irn order to determine the reliabilitv of the CL rating
teclinique.

9.2 Feadability formulas should 'e evaluated which include some measure
of the thirying renuired to understand and use textual material. A

readalility formula which should le evaluated in this manner is the
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Paudino €cale.

9.3 7 determination should he nade of the relationshin hetween vertal
intelligence (as measured Ly GUT) ana perforrance (error rates) on hiah
and low CI. studv ruestions. fuch a determrination vould permit con-
current validation of tlie CI. techniques, as well as vrovide inforration
about reading and other ['RCC aptitudes and skills which could perhars
te improved through education and training.

9.4 lore should e done to analvze lona-term retention of the infor-
mation presented in higbh and low C1 study cuestions, as well as the
incidental learning which may occur in associatior witl answering %“iqh
and low CL study cuestions. Thlese results would show whether nore or
fewer high (T, studv questions should be included in MRCCe,

9.5 The training effectiveness of orgarizina studv cuestions (and
associated RTM material) in a vroaressive, systematic fashion fror

low to high (L ratings in relation to instructional oljectives shtould
be determined. Such an organization may result in easier learnina and
better retention of hiagh CL material than would he true for the nresent
NRCCs in whicl. rmach of the rmaterial is presented unsysteraticallv.

©.6 Research should he conducted into using the CI, ratinc technicue
(or a similar techrnique) for judaging the conceptual difficulty or
comprehensibility of graphic material. The information resultina fronr
this research would indicate the aptitude and skill level (and
associated training) reauired to understand and use graphic materials.
9.7 Conceptual Level judsmerts should be used to correct or discara
faulty, ambiquous, misleading, or deceptive ("tricky") study cuestions
and R1M passages from NRCCs. By identifvine this raterial throuah low
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Cl, study cuestions which arc associated witk hiah error rates, more
ohbjective and irproved cuality control would te everciced over ''TCC

develorrent, and better trainina should result.
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11.0 FOOTNOTES

w

Lieutenant Commander Biersner was Programs/Systems Iffcctiveness
Evaluation Analyst (Code 01A2) at the MNaval Education and Training
Support Command, and is now Research Projects Cfficer (Code 01),
Naval Submarine Medical Research Laboratory, Naval 5'bmarine Ease
New London, Groton, Connecticut 06340. Mr. Doucette is a
Mathematical Statistician at the Naval Education and Training
Program Development Center, Pensacola, Florida 32509.

The subject group varied by plus or minus two subjects from this
figure (N = 30) devrending on whether or not a sukject failed tco

submit one or more of the twelve assignments described below in

section 5.2.

The characteristics of a well written NRCC are (a) the written
material is presented in a grammatically correct, organized, and
concise fashion, (b) the information is technically accurate,
and f(c) the study questions are judged to be fair and valid
(face validity).

Section 6.1l provides evidence that this judgement was not entirely
valid.

A ¥Yincaid RGL was not computed for the HTM 3 & 2 assignment
beoklet because the Kincaid formula was developed only from
sample passages selected from RTMs (see reference 1 for details).

These parameters were (a) less than five or more than 37 words
per sentence, (b) less than 120 or more than 200 syllables per
100 words, and (c) a Flesch Reading Ease Score of less than O

or more than 100.
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APPENDIX A

The 4-Point Ratinqg Scale Used to Judage the
Conceptual Level (CL) of Study Questions
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CONCEPTUAL LEVEL 1 (CL = 1)

The answer and/or question stem are taken verbatim or nearly
verbatim from the manual. Even if the meaning of some of the words is
not totally understood, the answer is obvious because the words and
sentences in the study question nearly duplicate the words and sen-
tences in the manual. Included under this rating would be those cases
in which some of the words from the manual may have been removed from
the study question (or vice versa), but the key words remain in the
same order (rcarranqvmong_Zf key words is therefore unnecessary).

CONCEPTUAL LEVEL 2 (CL = 2)

Simple reordering or rearrangement of some of the words and
sentences in the manual is necessary to answer the study question. The
answer and/or question stem paraphrases the wording in the manual. For
example, numbers presented in graphic form in the manual are translated
or converted to verbal form in the study question (or vice versa), or a
positive statement in the manual is reversed to a negative statement in
the study question (or vice versa). Most of the thinking is involved in
rewording, reordering, or reversing the sentences and words in the manual;
after this process is complete, little thinking is required to answer the
study question.

CONCEPTUAL LEVEL 3 (CL = 3)

A simple situation 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 steps in the procedures or between
concepts have been fully specified. Some care, however, may still be
required in following or applying these procedures or concepts. For
example, the answers may be similar, and may vary only slightly according
to minor deviations in following or applying the procedures or concepts
described in the manual; or the information required to answer the study
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 1is
therefore required in answering the study question. Although the
procedures may be straightforward, some thinking is required in order
to insure that the information or conditions which are specified in the
study question are applied in the exact sequence or fashion that is
indicated in the manual. Moderate levels of thinking are required in
converting, translating, and organizing the specific conditions or
information provided in question stem and answer to the general procedure
or concept presented in the manual. The reader is usually certain of the
correct answer after rechecking the steps or logic that have been prescribed
in the manual.
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CONCEPTUAL LEVEL 4 (CL = 4)

Answering this type of study question also requires the application
of one or more general concepts or procedures which are presented in the
manual. Some of the relationships between the concepts or steps of a
procedure are, however, either vaquely described or remain unspecified
in the manual. Much of the interpretation, integration, and organiza-
tion of the concepts or procedures provided in the manual must therefore
be done by the reader in order to understand and answer the study ques-
tion. The reader may also have to make assumptions about the relationship
between information provided in the manual and information provided in
the study questions. For example, the study question does not present
all of the information 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
in the manual. The reader is often uncertain of the correct answer
because of the assumptions that must be made in interpreting concepts
and procedures in the manual, or in applying these concepts and procedures
to the conditions specified in the study questions.
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APPEIDIX P
Fxamples of Study Ouestions and Associated pmt

Passagee Rated at Fach of the 4 Conceptual
Levels (CLs) by the 2 Judges
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CONCEPTUAL LEVEL 1 (CL = 1)

Study Question:

The standard taper of pipe threads per foot is

Li AsFd in,
2 L/2 Any.
3y 3/4 in.
4 L g

Associated RTM Passage:

The NPT, which formerly stood for National Pipe Thread, is
still used as a carryover and now refers to the new name for the
same thread, American Standard Taper Pipe Threads. The standard
taper of pipe threads is 3/4 inch per foot. The number of threads
per inch varies according to the size of pipe as follows: 1/16-
and 1/8-inch pipe have 27 threads per inch; 1/4- and 3/8 inch pipe
have 18 threads per inch; 1/2- and 3/4-inch pipe have 14 threads per
inch; 1-, 1 1/4-, 1/2-, and 2-inch pipe have 11 1/2 threads per inch;
2 1/2-inch pipe and pipe larger than 2 1/2 inches have 8 threads per
inch.

CONCEPTUAL LEVEL 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 RTM Passage:

The following operating instructions and safety precautions are
applicable in general to all grinders and specifically to the bench
and pedestal types.

1. When starting a grinder, push the start button and stand to
one side for at least one minute while the machine comes up to full
speed. There is always a possibility that a wheel may fly to pieces
when coming up to speed.

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

3. Handle wheels carefully. Before replacing a wheel on a grinder,
always sound the new wheel for cracks. To sound a wheel, tap it lightly
with a piece of hard wood; a good wheel gives outt a clear ringing sound
when tapped, but if the wheel is cracked, a dul' thud is heard. Make
sure thata fiber or rubber gasket is in place between cach side of the
wheel and its retaining washer (spindle wheel flange). Tighten the

spindle nut just enough to hold the wheel firmly; if the nut 1s tightened
too much the clamping strain may damage the wheel.
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COLCFPTURL LFVET, 3 (CL = 3)

Elt.uuy l'\xcrst,inn:

Mter the frarnes are positioned ard first secured to the lkeel,
they are 'olted or riveted to clamp them hetwveen the

1. keelson and lLeel
2. rivbands and keel
3. planking ana keel
4. cartoard strake and leel

Associated KT Passage:

then a loat shop is ordered to huild a heat the followina nlans
are furnisled: lines anc off-scts, inhoard and outtoard profiles,
amidship sections, and a data sheet which qives the scantlinc or sizes
of the nrinciral members of the framing. With this information, the
toatluilders nroceed to cut out and shape the various narts of the loat.

“he first step in assemiling a boat is to place the Veel on tlocks
which are heavy enough to support the weiaht of the hoat and hiagh enouagh
to allow for working room. Then the stem and sternpost are riveted or
bolted to the leel and held rigidlv in position hv temporarv shores and
Eraces.

Yert, the ends of each pair of frares are butted and cecured hw
thwartshiip tirbers known as FLOORE. Then the frames are vut in position
and secured to the keel. Filling pieces are then fitted over the kecel
and retveen the frames. Next the keelson is placed over the frames,
floors, and fillina rieces and directly ahove the eel. DPolts or rivets
are used through the keelson, filling pieces, and ¥Yeel, to clamp and hold
the frames securcly in place. The portion or end of the frare set to keel
is known as heel. The other end to top sides is known as head. rfter
frames are vositioned and securec to the keel, they are lined ur ir the
vertical direction and secured with temporary wooden batters of heavy
sections to fir ther ricidly in final position. These hatters, »nowm
to the lecathuilder as rib-bands, are installed arproximately horizontal.
iny inside horizontal fraring recuired ir the hull may he installed on
forms prior to settina transverse franing, or after frames are romoved,
tvll decian dictates which method should re followved.

CONCFPTUAL LEVFL 4 (CL = 4)

'lLN: Cuestion:

ravince ijust replaced a depletec cylinder of oxygqen in a nortahle
oxyacetylene outfit, you reconnect the hose and torch. "hat are the

sters of procedure for purging air from tl.e hose and torch, assurira
that the oxygen (0) cvlinder valve, (') torch valve, and (C)reoulator
ire closeds
3% ren A, 7, ancd C in order, then close ¢
” "wen i €, ar! B in order, then close f.
3 [ Bt 14" v @anG N in order, then close 1,
¢ . pet y By ard € in order, then close ™ and .




5. EICEKFIRD A FLASKLICK: Unless the svsterm is thorouqilv purged
of air and all connections ir the system are tiaht lefore the torch ie
ionited, the flame is likely to burn inside the torch instead of outsice
the tir. 7The difference between the two terms lackfire and flacsiikback is
this: 1in a lackfire, there is a romentary hurninag tack of the flare into
the torcli tiy: in a flashbac), the flane lurns in or lLeyvond the torch
nixirg chamker. I tackfire is characterized Yy a loud snap or ron as
the flame coes out. 2 flashlack is usuallyv accomnaried hv a I issing or
scucalince sound. 2t the same time, the flame at the tip hecomes smolv
ard sharp pointed. %hen a flashbacl: occurs, irmediately shut off the

rct oxvaen valve, then close the acetvlene valve. The occurrence of
a flashtack incdicates that somethira is radicallv vrona either with
the torch or with tie manner of handling it. /. lrackfire is lees serious.
Usually the flame can be reliaghited without difficultv. T7Tf Wwackfiring
continues wherever the torch is relighted checl. for these causes: over-
heated tir, gas vorling pressures greater than that recommended for the
tir size reina used, loose tin, or dirt on the torcl tip seat. These
same cifficulties may be the cause of a flzshraclk, except that the
aifficulty is present to a greatcr deqree. TIor exarmrle, the torch heac
mav lLe distorted or crackeu.

In most instances, baclfires and flashbacke result from careless-
ness. These difficulties can Ye avoided by malinag certain that: (1)
all connections in the svstern are clearn and tight; (2) torch valves
are closea (not ornen or merely loosely closed) when the ecuivrment is
stowed; (3) the oxyover. anc acetylene workina pressures used are those
recormencded for the torch employed; and (4) the system is nurged of air
before the apraratus is used. Purging the system of air is esneciallv
ne gessary when hose and torch *»ave }'een newlv connected or a rew cvlinder
is incorporated into the syster. Purging a system is accomplished as
follows: Close torch valves tightly, then slowlv onern the cvlinder
valves. HNext, open the requlator sliahtly. Open tlie torch acetylene
valve and allow acetvylene to escape for & to 15 seconds, dependina on
the lenath of the hose. Close the acetvylene valve. Repeat the pro-
cedure on the oxygen side of the system. Mfter purqira air fror the
system, light the torcli as described previously.
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