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This study vas the fourth in a series of research projects
aised at determi=ing vhether learning might be enhanced by employ-
ing ipstructional methods which differed in design and use as »

; " fusction of lesrmer charscteristics. Based on inferences drawn from
studies in this series and other ressarch literature, a model wvas
developed enadling the simuitaneous exsminstion of the effects of
learner charscteristics, types of lsarning, instructionsl c=thods,
aad sub’ect matter variables on achievemeat.

gach of aix sxperimental courses was sdministered to becwees
57 and 60 Bavy enlisted mem who wure previocsly tested with ipstru-
snte vhich yiealded & total of 19 msasures of aptitude, iaterest,
' sad personality characteristicas.

Cotrelarion and regression analysss revesled 0o consistent

and mesningful intersctive relstisostips existing betweem learner

charscteristics and types of leamrning ot types of subject matter.
.. _ - Thess asalyses 414, however, reveal an spperently conmsistemt and
S _ meaningful intersction betwssn leszser snziety level and metded of
©.j#" fastrection (inductive ve. deductive). Whila the maguitude of the
|E T:’“: . obeerved relstionship wes mot sufficient te give promise of ismodiste
} - - - < ..prasticsl spplication, it was concluded that the resssrch supported
o th m of individusl differences in lesrniag style.
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FORIWORD

This report descridbes the results of a project entitled, "Training Louipment
end Individusl Differences.” The purpose of the projuct, which is pert of
a Mman Factors Laboratory long-range progrem of eppiied research ou learn-
ing, retention and transfer being conoducted on both an in-house and contrac-
tual basis, vas to determine wiether employing traiuizg systems vhich differ
in design snd use as s function of differences {n trairse charecteristics

results ir tncressed training efficiency.

Three earlier phases of this project were reported {n the following Technicsl
Reportas by G. Kasten Tallmadge and James W. Shearer:

RAVITRADIVCEN 66-C-0043-1, March 1967 (AD 650850)
BAVTRADEVCIN 67-C-0114-1, May 1968 (AD 671842)
MAVTRADEVCIN 67-C-0114-2, August 1968 (AD 674423)

Copies of these reports can be purchased from either the Defense Documentation
Center or the Clesring House for Federal Scientific and Tachaical Informationm,

using the AD number sppearing at the end of the referencs.

el
Bhamea Factors Laboratory
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SECTION I

INTRODUCTION

Individualization of instruction is considered by many to be
the major thrust of educational innovation todsy. In its broadest
and most complete application, such instruction would enable esch
student (a) to pursue thcse educatiocaal goals most compatible with
his unigue combinazion of aptitude, interest, and personality char-
acteristics, (b) to proceed through instructional sequences leading
to these educaticnal goals at his owvn pace, and (c) to work with
instructional materials vhich match, in terms of techniques and
media, his particular learning style.

No existing instructional system has incorporated all three of
these features with unqualified success — largely because the state-
of-the-art has not kept pace with the ideas and ideals of {ndividu-
alized instruction. Progress has been made, however, and new ave-
nues have been opened up wvhich enable students to develop their
individual talents in sectings designed to bring everyone to his
own highest level of achievement.

There are many differences, of course, betwveen training and
education. Perhaps most cignificant is the difference between the
strong job orientation of most training programs and the student
related objactives frequently reflected by modern educational prac-
tice. Clearly, (raining sust igoore that feature of instructional
individualization concerned with the selection of topics to be

studiad.

Individuslization through pacing is ccrulnly feasidle in many
training situations. Still, except vhere manpower resources are
limited or vhere ths objectives are to upgrade certain elements in
the labor market, the aim of training progrem design is generally
to achieve a specified set of objectives in minimum time and at mini-
s coet. Thus, if differentially paced training is offered, it

- —— e
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aust be demonstrably superfor to atandard {rstruction on some resl-

fstic cost-effectivencsn criterion,

The third approach to individualizing instriction, nasely that
of vopluylug tralning systems which differ in demign and use as a
function of known diffcerences in chacvacteristics o( the traineen,
could be employed as well {o military and industrial settings as in
standard school classrooms. Relatiorships ocetween learner charac-
teristics and the techniques and media of {nstructiom, however, have
not as ye: been clcarly established. The study reported here repre-
sents an attempt to advance the current state-of-the-art with respect
to understanding such relationships by emplonyir, a more systematic
investigation of'Jpplréntly relevant variables than has “een con-

ducted heretofore.

A. History of the Project

The research reported here represents the most recent of a
series of experimental studies conducted by the American Institutes
for Research and sponsored by the Naval Training Device Center. The
purpose of all of these ntudies has l.een to investigate the feasi-
bility of enhancing training effectiveness by employing training
systeas vhich differ in des!gn and use as s function of known char-
acteristics of learners. The first study of the series (Tallmadge
& Shearer, 1967) contrasted two exparimental versions of & 1 week
course in Maneuvering Board with the standard version of the course
{n the Radarman Class A School at Treasure Island, California. It
produced no significant {nteractions between instructionsl method
and lcarner characteristic variables, althougl: some indirect evi-
dence was produced which led Tallmadge (1968) to speculate that the
nature of the material to be learned was critical and needed to be
exanined as a separate, independent experimental variadble.

This hypothesis wvas the basis for the second study (Tallmadge,
Shearer, & Creenberg, 1968) which vas designed tc exsmine higher

2
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order interactions smong learner characteristics, {nstri.cticnal
methods, and "subject matters.” Inductive and deductive experimental
courses ere developed for a logico-mathematical subject matter
(Transportation Technique) and a visusl form discriminat.ion topic
(Atrcraft Recognition). For both courses interactions occurred be-
tveen noncognitive learner characterigtics and methods of {nstruc-
tion. It was found, however, that the direction of the relationships
which existed betveen learner charscteristics and method of imstruc~
tion for the Transportation Techanique courses were reverseuc for the
Afrcraft Recognition courses. In other vords, those .5s who did well
in the inductive version of the Transportstion Technique coursa had
the same characteristics as Ss who did well in the deductive version
of the Afrcralt Rccognition course. Similarly, Ss wvho performed

well under the inductive versiom of the Afrcraft Recognition course
had the same charscteristics as those vho performed well under the
deductive version of the Transpartation Technique course. Tha rela-
tiouships found in this research werc not only statistically eigni-
ficant but sppeared (then) to be of sufficient magnitude to bave
practical utility.

The two subject matters differed in a nmmber of waye, and it
seemed important to speculate as to vhich of the differences wvas
respousible for reversing the observed relationships between learn-
er characterictics and instructional sethods. The sxperimenters
first bypothesized that the meaningfulness of the sudject matter was
the critical variable and pointed out that the Transportation Tech-
niqua topic was governed by "rules” vhich make sense intvitively and
have the same kind of truth as equations in physics. The "rules”
governing Aircraft Recognition, on the otker hand, were described
as arbitrary., They could only be learned by rote ard did not msake
senso since they possessed no inherent logic, or truth,
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Later, however, ae part of ss sttempt to bdulld & mode! relaticg
types of subject matter, types of lesrulng, and types of teaching
to achievemeat dlff{erences, Tallmadge and Shesrer (1968) poted and
described how type of sudbject matter and type of learning had deen
confounded in the Tallmadge et al. (1968) study. Tor the “seaning-
ful riles” subject matter (Transportation Technique), the inductive
courne had taught concepts and principles in sddition to prodlem
solving procedures. The deductive course, on the other hand, vas
linited to coverage of the protlem solving procedures. This it wes
not possible to determine vhether the odbserved intersction for the
Traasportation Technique topic wvas between learner characteristics
ani fnstructionsl sethods or betveea learner characteristics and
types of learning. This unansvered question, plus others raised by
study results presented in the literature, forwed the dasis for the
resesrch reported here. A sore specific problem statement is pre-

sented later io this report.

8. Status of learning Style Nesearch

Previous reports in this series bave attempted to present rea~
sooably cosplete literature reviews. Two recent reports, however,
(Cronbach 4 Snow, 1969; Bracht, 1969) have reviewed, critiqued, and
ecummarited published studies im a memner far beyond the ecope of this
report. It was coansidared, therefore, more appropriasts to summarizs
the conclusiocas of these suthors, making occasional reference to
particularly critical studies, rather tham attempting to duplicate
their efforte.

It wvas readily apperest from cvem & cursory reviev of tls two
reporl » cited above that these suthors have adopted s more csutious
attitude tovard the existence of sesaingful {nteractiouns bLetweem
learner characteristic and instructicual method varisdles thaa was
prevalent oaly a year ago. Bracht's literature review summerizes
sose 90 c2tudies of which oaly 3 produced interactions which oet bis

ﬂ-J B S  Ey SN
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stringent and rather uousual criteris {cf seaningfulness. Accord-
ing to Bracht, as well as to mamy other {nvestigators, &2 inter-
action in order to be mesningful must be disordinsl -- mesmizy that
the regression lines for different trestaent groups must cross with-
in the range of experienced predictor scores. (Bracht talks adout
“trestment lines” as opposed to regressicn lines. A treatment line
is simply & line coumecting the plotted mean achievement scores
attained by homogepeously grouped learners under the variocus treat-
seat conditions.) Bracht claims that not only must the treatment
linoes crose but that the achievement scores sttained by esch group
of learners sust differ significantly from treatment o trestsent.
In other words, for a study favolving the sex of the learner aad
fnstructional msethod, one method mrst be significantly superior for
msles and the other method significantly superior for femsles.

Bracht's position with respect to the latter criterica is bdeyoud
refutation vben the learvmer chsaracteristic variable is s true dichot-
cmy such as sex. When the learner charscteristic of interest is a
coatinuum, such as a general or specific aptitude, consideration of
tre range of talent included in the experimental groups is clearly
relevant. Noasignificant differences obtained with a restricted
raage of talent could very well be both statistically and practi-
cally significant for a populatios ecmbodving & wider range oi talent.

Also, vhere contimuously variable learmer characteristics are
being investigated, the mamner in which Ss are sorted into high and
low groups becomas quite critical. If the median predictor scorw
for the entire experimemtal sasple 15 wsed as a cutoff point, ¢’
prodadbility of findisg a eignificunt difference bDetween mean achieve-
ssat scores is lowered by an amount proportional to the difference
between this group aedisn and the point oca the coutimuem of predictor
ecores wvhere the two regression (or treatment) lines crose. This
general consideratioa has deea alluded to dy Cronbach and Saow (1969)

SRS Sl
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but tn o diflvrent cuntext, They have strenned the {mportance of

repurt tng abwolute sccrew uned to sart s tato high and low groupe
(vhetinr 0f not theme ncores were group sedlans) in order that com
patisons could be made between different studies ewploying the seme

predictor variables.

A second argument against accepting Bracht's critertia for seasn~
ingful Intersctions applies with equai validity to many other authovre
and concerns the supposed necessity for resressiocn (cr treatmwnt)
lioes to cross within the experienced range of scores. The obdjec-
tion here is that it is seldom possible to develop two instructional
treatments involving oontrivisl learning vhich differ only in terms
of the one nominal experimental variable.

As most practiticaers of programmed instruction will resdily
verify, tha teaching effectiveness of any instructional materisl can
be greatly enhanced through a systemstic process of empirical tryout
and revision. Rarely, hovever, are materials developed for research
on poesible interactive relationships between learner characteris-
tics and instructional variadles subaitted to such rigorous refine-
sent. It Js quite possidble, then, that wvhere regression or treat-
ment lines do not cross, it 1s erroneous to conclude that cae type
of treatment is superior for sll Se. It may simply be that one par-
ticular instructionsl treatment employed in the study vas & poor
uxample of the type of treatment it was designed to represent. This
point i{s covered sgain in the Discussion section of this report.

There is no intentioa here to discuss in great detail methodo-
logical problems associated with research in the aret c? legreer
characteristic by instructional treatment interactions. In discuse-
ing the fairly negative conclusions resched by Crombech and Soow
(2969) and Bracht (1969), it is importact, however, to point owt that
they may have rejected as mesningless soms results which could de

attel e s e n .l L
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interpreted differently by esploying different, dut equally reasco-

adle, sets of assumptions.

In summarising his review of the literature, Bracht reached
but few conclumions, and even “hese he qualified carefully (as he
should have dovs after finding but 3 mesningful fnteractions in the
90 studies he revieved). These tentative conclusicons, nevertheless,
are worth repeating here, at least for pirposes of coeperison with
those of othcr investigators. He felt that tight comtrol over the
treatment variables wvas 3n almost necessary, but not sufficient,
condition for obtaining learner characteristic by treatment inter-
actions. While studies using labcratory type learning tasks may be
somevhat sterile, more studies employing such learning tasks have
produced significant interacticns than studies employing lesrning
tasks more typical of the classroom. Whether this difference s
attributadble to the purity of the laloratory learaing task, or to
the extent of coantrol the experimerter has over the treatment, or
both, cannot be determiued at this time. Certainly, however, if one
were attempting to design a study to investigate the possidle exie-
tence of learner characteristic by treatment intersctions, he would
be wall advised to use s homogensous learning task and to maintain
tight control over the treatment administration.

In speculating sbout those learner characteristics mcst iikely
to interact vwith instructional trestment conditions, Bracht was more
optimistic than Cronbach and Soow regarding the interactive potential
of personality characteristics. With respect to ability variables
the two revievs also differed. Bracht felt thst factorially sisple
variables vere more likely than factorially complex variables o
interact with instructional treatments. Cronbech and Snow held the

opposite view.

Two of the {ive meaningful interactions reported by Bracht
fovolved personslity chsracteristics. These characteristics were

7
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¥eed for Affilistion i(mistakenly called Need for Achicvement by
Bracht on pp. 140, 149 of his report), and introversion-extroversioce.
These [indings led Bracht to suggest that the personality domain
wae deserving of further investigation. Cronbach ard Soow (1%69)
vere leas eathusiastic although Cronbach's (1966) earlier positiom
wae that "the interacting variables =+ have more to ¢o with per-
sonality than with abiliry [p. 90)." 1In their 1969 reporc, these
suthors decried learning style studies iavolving persorality vari-
ables descriding them as "disappointing and unencouraging {p. 173}."
At the same time, however, thay descrided a number of studies re-
porting significant personality characteristic interactions. Ia
fact, on p. 139 of their report, rthey indicated that they had found
repeated hints in the literature of an interaction dbetween anxiety
and instructional trestment varisbles. This conclusion was counsis-
tent with the findings of the Tallmadge et al. (1968) study.

Although neither Cronbach and Snow nor Bra:ht of fered any gen~
eralizations about sen differences, this factor has shown up {n @
sufficient number of studies reporting significant interactions to
be worthy of mention here. While the following list 1s not {ntended
to be exhaustive, interactions between the sex of the learrer and
instructionsl varisbles were reported by Armstrong (1969), Farley
acd Mansha (1969), Ferney (1969), Klausmeier and Quilling (1968),
end Tanner (1968). In additioa, the Tallaadge et al. (1968) scudy
apparently found an interzction iovolving the masculinity-iemiainity
pereonality dimension.

Despite the existence of some apparent consistency in the re-
sserch literature, sn overview would certainly uncover more segative
than positive findings and more incomsistencies tham consistencies.
If different learning styles exist, they are indeed elusive — a
conclusion amply demcustrated by the research of Junderwoa (1969).
After revising an instrectional treatsesmt to simplify it and reduce
the time consumed by its adainfstratios, be'found that sptitude-

s .

*




S

e

RAVIRADEVCIN 68-C-0271-1

treatment finteractions oltained with the originsl {nstruction were
reversed for the trevised vorsion. A atudy by Burton and Coldbeck
(1962) offerm further evidence supporting the unpleasant poesilility

thut reducling the difficulty of the learning task may reverse aptitude-

treatment relationships.

C. Statement of the Prodlem

Many unangwvered questicns relevant to the learning style issue
existed at the time the present project was initiated., It was fell,
bovever, that the most recently completed study of this series
(Tallmadge et al., 1968) had established some meaningful relatioo-
ships vhich would stand up under replication and wvhich :z.uld have
practical significance for Mavy training programe evem defore the
remaining questions were ansvared. TYor this reasco, the present
stody was undertaken largely as an axperimental demcnstration pro-
Jject adding just a few innovations to the previously employed model
to seek answers to specific questionn raised by the earlier research.

The primary resesrch concern of the present siudy wvas resolving
the question of vhecher type of teaching (inductive ve. deductive)
or type of learning (understanding vs. rote)® vas responsible for
the observed intersction effects. A second regesrch cvncern was par-
tial verification of the hypothesis that the "mesaingful rules —
arbitrary rules” dichotomy was responsible for the observed reversal
of learner charscteristic by instructional method interactiocns which
occurred as a function of training topic differences. Finally, it
was hoped that the study would both verify inferences sade about rele-
vant learuer characteristic variables and sharpen their measuresent.

* fype of learning, as that phrase 1s used hers, is certainly not
{ndependsnt of type of teaching (see Tallmadge and Shearer, 1968,
tor a detniled discussion of this point). This label was chosen,
despite its potential for coafusion, because other alternstives
appeared to be still more coafusing.
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Aslde [rom these research consideraticns and the experimental
mode]l changes necessitated by their izplementation, the etudy design
wvas highly similar to that of the Tallmadge et al. (1968) study
although it involved different training topics. (Note: A somevhat
dbriefer summary of this research vas published by Tallmadge and
Shearer in 1969). The next section of this report provides specific
details on the experimental design.

10
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METHOD

This study wam the fourth of a series of research projects
almed st determiniug whether learning might be euhanced by employing
fnstructional methods which differed in designo and use as a function
of learner characteristice. It was & logical outgrowth of these

studies but reflected the findings of other published resesrch as

well,

The basic experimental design model shown i{n Figure 1 vam (irst
described by Tallmadge and Shearer in 1968. As shown in Figure 1,
the design permits independent examination of two different subject
matters, two different types of learning, and tvo different types of
teaching, as vell as interactions saong these variadles. A fourth
disensfon, learner characteristics, is not shown on the model but

is, of course, an essential ingredient of any research of this ctype.

SUBJECT MATTERS
Mesnirgful Arbitrary
Rules Rules
1 ZExpository/
Deductive
TYPES Understanding ’ ;
2 Inductive/
Discovery
or |
3 Expository/ $ Expository/
Deductive Deductive
L "Rote"
4 Ioductive/ ¢ Inductive/
Discovery Discovery

Figure 1. Model showing relationships among instructional
methods, subject matters, and types of learning.

11
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Because there can be no such thing as "understanding learning”
of "arbitrary rules” subject matter, the Figure 1 model does no:
represent a complete factorial design. It may, however, be regarded
as two overlapping compleote factorial designs. For the "zeaningful
ruiea” subject matter, types of learning and types of teaching coo-
stitute one 2x2 complete factorial design. Within the "rote” type
of learning, subject mstters and types of teaching constitute s
similar design.

1f one or more of the three independent treatment variabdles
proved not to affect relationships between learner charscteristirs
and achievement, treatmsent groups could be combined in sppropriate
vays to provida larger sample sites and thus, more sensitive tests
of interactive relaticaships betweeun learner characteristics and
instructional treatment conditiomns.

A. Selection of Individual Difference Measures

There were tvo primary bases for the selection of {ndividual
difference measuras to be used in the present study. GCrestest
dependence wvas placed on ths findings of sarlier studies in this
series, but measures which showed promise in other published learo~-
ing style rasearch studies were also given careful consideration.

for the mos: part, esphasis was placed on the selaction of non=-
cognitive individual difference measures sa previous studies in this
series (Tallmadge & Shearer, 1967; Tallmadge et al., 1968) strongly
suggested that learning styles sre independent of either general or
specific aptitude and ability traits. Within the noncognitive ‘
domain, the Tallmadge et al. study pointed to the following dimen—-
sionn as particularly relevant: (1) masculinity-femininity (a term
traditionally, but perhaps misleadingly, used by psychologists to
describe patterns of interests ranging from scientific-technological
to social-sesthetic), (2) introversion-extroversion, and (3) anxiety
level. No direct measures of these psychological dimensions wvere

12
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employed in the cited study. They were inferred from che patterns
of fodividusl interest and personslity scales wvhich sppesred in
regression equations generated through uee of the UCLA AMD-O2R
Stepwise Regression computer program. It was decided that all scales
vhich appeared in those regression equatiuns would be employed again
ifn the study described here, and that more direct measures of the

inferred dimensions would also be used.

Based on these considerations, carry-over tests from the earlier
study wvere the Kuder Vocational Preference Record and the Cordoa
Persousl Profile. Since scores on the Kavy Basic Bactery tests
(General Classification, Arithmetic, Mechanicsl, and Clerical) were
readily available from existing Navy records, these measures vere
also included. The search for tests to messurs the masculinity-
femininity personality dimenaion produced one or two instruments
specifically designed for this purpose. Close examination of them,
however, revealed that they were both lergthy and dated. They did
not appear appropriate for administration to a group of Xavy enlisted
meti in 1969, It was concluded, however, that several readily avail-
sble personelity tests produced scores at least highly correlated
vith the masculinity-femininity dimension.

Similar considerations applied to tests of anxiety, and again,
it seemed nore appropriate to salect a wvide-range personality test
rather than one of the highly specific tests of anxiety currently
available. Buros' Sixth Mental Mcasurements Yearbook (1965) was
used to identify available instrumeunts vhich yielded scores appro-
priate for the purposes of this study as well as to provide some
preliminary evsluative data. Candidate instruments were subsequently
revieved by project personnel and the Sixteen Perscnality Pactor
Questionnaire was selected as the instrument moat likely to provide
ussful scores relevent to masculinity-femininity and anxiety, as
well as other potentislly useful scores. After following a similar

13
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selection process, the Eysenck Pergonality Inventory was selected
as providing what appeared to be the most appropriate measure of

{ntroversion-e:tro ersion for the purposes of this study.

The Set Toward Education scale (Capretta, Jones, Siegel, &
Siegel, 1963), a forced choice test scored on a continuum charac-
terized on the one hand by predisposition to learn isolated facts
and on the other, by a predisposition to learn principles and con-
cepts, vas also included in the battery. Whi'e research using this
instrument had not shown it to interact signit cantly with instruc-
tional treatment conditfons, it appesred particularly likely to
detect interactions between learner characteristics and the under-
standing vs. rote learning dimension of the present study.

Two other tests selected from the Xit of Reference Tests for
Cognitive Factors (French, Ekstrom, & Price, 1963) were fncluded in
the battery. While there wvas some evidence in the litersture that
the selected Hidden Figures and GCestalt Completion tests showed
promise for learning style research, they were includrd {n the
battery as much for the purpose of breaking the monoto. v 4f the
lengthy interest and personality tests as for any other purposs.

Finaliy, a specially prepared Biographical Inventoury was includ-

ed in the battery since a study by Snow, Tiffin, and Seidert (1965)
provided some indication that certain biographical, or perscnal
bistory, data are predictive of learning styles.®

* Blographical instruments of the type used in this study do not
yield total scores and must be analyzed in terms of patterns of
response to individual items. This type of analysis vas considered
to be beyond the scope of the present study. At the time =he study
was undertaken, howvever, it seemed probable that a working sgreement
could be arranged with the Psychology Department of Stanford Univer-
sity vhereby a graduate student could conduct the required analyses
st no cost to the project. Delays vere encountered, but the project
is nov in progress. Should it produce significant rasults, they
will conatitute the basis for a supplementary report.

14
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The final battery of individual difference mcasures, then,
consisted of the following instruaents:
o Kuder Vocational Preference Record (Form BB)

o Gordon Personsl Profile

Lysenck Personality Inventory (Form A)
Sixteen Personality Factor Questionraire (Form B)

o ©

Set Toward Education Scale
Cestalt Completion Test
liidden Fip res Test
Biographical luventory

2 0 o

B. Selection of Training Togics

Several criteris were establis“ed for selection of the two
courses to be developed and taught experimentally. First, because
so little was known about the conditions under wvhich learning styles
could ba observed, there were obvious reasons for selecting training
topics which differed as little as possible (consistent with other
objectives of the research) from those successfully employed in the
earlier Tallmadge et al. (1968) study. Minimum requirements were
that one course should cover a "meaningful rules” topic and the other
an "arbitrary rules" topic and that each should be as horogeneocus
as possible with respect to types cf skills and knowledges required
(e.g., factorially simple). It was also necessary that both subject
matters be amenable to beth an inductive or discovery ianstructional
approach and an expository-deductive approach.

Another criterion related to the selection of courses was that
they should be relevant to Navy training programs. While it was
not considered essential that the content taught be identical to
segnents of <xisting Navy programs, it was felt that sufficient
similarity should be provided to permit the study findings to be
generaliged to Navy applications.

13
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tour additional criteria were generated as a result cf practi-
cal cunstderations: (1) the seiected courses had to be smensdle to
group adainistrarlion, (2) large snd/or expensive cquiyment require—
<eots had to be aveided, (]) prerequisite siills had to be miningl
to avoid exteusive pre-training or the need to wee hig-ly seiected

subject populations and (4) the topics oad to be "nev” to the ‘s,

Finally, it was considered desirable for the courses to ifovolve

the use of existing Kavy training devices.

Prelininary discussions held vith cognizant RTDC persounel
resulted in the fdentification of s oumber of training programs and
devices wvhich appesred to meet the requirensnte descridbed above and
night prove to be satisfactory vehicles for the experimental demon-
stration program. Sudbsequent to these discussions, project perscumel
consulted with several subject matter and training experts to delin-
eate more specifically the content and nature of the experimencal
training courses. Based on these discmseions, it was concluded t(hat
Celestial Navigatios and Aircraft Recognitios would satisfy all
criteria Televant to the seleaction of material for experisental

training.

The firat of these topica, Celestial Ravigation, was almost
entirely oumerical in content vith omly & very few simple plotting
requirements. Arithmetic skills (sddition, subtractios, and multi-
plication) vere its only prerequisites, yet it was nmot likely that
any of the experimentsl .”s would have beem exposed to it previcesly.

The second selected topic, Aircraft Recognitiocn, had been
employed in the previocus year's study and recuired caly visual du;
crimination skills. The specific experimental training task was to
identify aircraft from serial photographs. Lesrning of this topic
imposed no requirements for acquisitioma of prerequisite skills or
knovledges. The topic also had the advantage that few, if smy, of
the experimental ls would have had prior experience in the ares.

16
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The contents of the twvo topics were distinctly different. Thev
required (actorislly distinct lesrmer abilities, yet eech tcpic vss
internally homogeneous, and both were at lesst partially relevant

to Ravy career fields.

C. DJevelopw=ant of Experimental Courses

Courses to be veed {n this study were developed by project
personnel vith cousulting asetistance from subject matier experts.
Since the courses covered fairly basic topics, s minimw of comasult-
ing aid wvas necessary. The courses were designed for normal clase-

room presentaticno to reflect standard Xavy training practices.

Although training time requirements differed somewhat ss a
fuaction of the subject matter being taught, the two Aircraft Recog-
aition courses were closely equalised in terms of training tise as
were the focr Celestial Ravigation courses. Sisce more mater'al vas
tenght in the understanding Celestisl Ravigatiom courses than in
the rote courses, additional practice exsrcises and drills were
iacorporated fato the rote courses to accomplish the desired tise
equalizatior.

l. (Celestial Ravigation

Four experimestal Celestial Navigation courses were
developed for use in the study: Iadective-Discovery-
Understanding, Expository-Deductive-Understanding, Ioductive-
Discovery-Rote, and Expository-Deductive-Rote. The courses
vers designed to tesch Se how to sat up and solve simple
asvigation problems uweing procedures sdapted specifically
for the study.

The four experimental courses cmrod the following
topics: (1) comvertisg local time to Creemwich Meen Time,
(2) determining tde locatiom (lstitude and loogitude) of
the Geographical Positica (CP) of a star, (J) fiading the

17
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distar~e {rom a ship's true posttion to the Ceographical
Pusition of a star, (4) deterzining the altitude dilfer-
ence of a star, (3) plotting essumed positions, bearing
liacs of stars, and lines of poeition, and (6) obtaining
true position {{xes. In addition, Js were presented with
a review of the following topics: coordinate plotting,
latitude and longitude, angular mseasurement, and use of

a protractor. The courses included lecture preseatation,
chalkbosrd presentsticns, practice prodlese (handouts),
and treview, MNavy trajaing device 1X), a "Celestisl
Navigation Sphere,” was used to help explain @ r=ber ~#
important osvigational coucepts in the two "understanding”
courses but wvas not used im the rote coutaes.

Because of the complexity of the subject matter,
course coverage had %, be restricted ia the following
vays in order to stay within reasonsdle time limits:

o The use of the sun, moca, and plenets for navi-
gationsl purposes was mot {ncluded. Coverage
wes restricted to stars.

o The azimuths of the Ceographical Positions of
the observed stars — normsally read out of the
aine voluma B. O. 214 Publication — were "given”
to avoid the necessity of providing all students
vith copies of this publicatiom.

o Bavigational prohlems were restricted to the
Norzthern Hemisphere and to loogitudes between
0 and 180° Vest.

¢ All celestial observaticus were made exactly om
the hour to avoid difficult iaterpolatioa prodlems.

o The assumptioa wvas sade that nc sovement of the
navigating vessel occurred between pairs of

observations.

18
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o Correcticne of obeervationsl data for chromcester
error and f{ot stmoepheric refrasctiom were omitted.
o Certain terminological eisplifications were empioyew.

The simplifi-ations made {n the sudject ziiter vere poiated
out to the students et appropriste places in the cowrses (o
siainize possidla megatave transfer shcula any of them recetive
sube~-usat celestial navigstios training.

Ia order to illustrate more precissly the epeciffic matwre
of the four Celestisl Havigation cowrses, eaxcerpts from these
courses ere presented ia the Appendix to this report.

2. Afrcraft Eecogaitioca

T™w experimental courses which vere espliyed during the
previous phase of the research wers uwsed is the preeest study
with oaly aicor modificatioms. The courses invoulved s viswal
discrininatiom task, i.e., that of {dowtifying aircraft from
serisl photographs. Ouve of the covrses was designed to bde
deductive end the other inductive in order that the two
courses would be comparable to the two "rote” Celestial
Navigation coursese with respect to iraiming methods used.

The iastructiongh materials ueed in the Aireraft Recogai-
tion courses vera developed ia tha following mammer. Iaiti-
ally, asrisl riotogrephs of s large mumber and vartiety of
aircraft were obtained. Micvo-photographe ware thea tshea
and aircraft vere selecied for inclusion in the two experi-
sentsl coerses wiich provided for variety in terms of size,
configuratiom, etec. Another criterioa for inclusiom wes
the availadility of several different photographs of each
aircraft to cuosure vsrioty from the standpoint of ease of
{deatification.

A e b e e i o
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Two setw of black and vhite slides were next pre—
pared. The (lrat set consisted of slides of portionms
o{ acrial photographs deeigned to show how sircraft
uppear in =<rrial photographs. This set of slides also
tllustrated some of the common prodlems encouctared by
photointerpreters wvhich render aircraft ideatificatiocn
difficuit. Included were exsmples which showed poor
contrast between aircraft and background, distortion,
and partial odbscuring of ajrcraft by clouds, hangar
roofs, sod camouflage. The secoud set of slides included
top view silhouettas of all sircraft to be taught in the
experimentsl courses. This latter group of slides was
selected from the Aircraft Racognition $1ide Kit (Navy
training device 5QQ4). Modifications were made to these
slides to eliminate all except top views.

The deductive course 8ls0 mede use of & fev additicnal
slides especially eelected to illustrate specific wing,
fuselage, and tail shspes as well as other special charac-

teristics.

8. The Deductive Course

The deductive Afrcraft Recognitiom course included
fastruction on a system designed to belp Ss identify air-
craft. The system made use of an arditrary set of specific
recognition festures related to wings, horizontal tail
surfaces, fuselages, and engines. One sddit{onal festure
conaisted of what was termed unique characteristics.

Sixteea ajrcraft were taught using the system
of recognition features. A slide showing a top view
silhouette of ecch aircraft was presested along with
some general interest information and s detailud descrip-
tion of the aircrafi in terms of specific recognitioce

20
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features. After & aircraft had been presented {ndividually,
slides of the 4 aircraft were used for review. This =
turn vas folloved by a series of oractice exercises which
Se completed and vhich were subsequently discussed. The
same process vas then repaated for the next 4 afrcraft

with inclusiocn of an additional practice exercise which
contaioed all the aircraft covered up to that point. This
cycle continued until all 16 aircraft had been teught.

b. The Inductive Course

The second Aircraft Recognition course vas design-
ed to be taught in an inductive msnner. The same 16 air-
craft were taught and the presentation included the idemti-
cal general interest information about these sircraft. How~
ever, S5Ss in the inductive course were oot taught any sysie=s
of recognitioa features nor were the aircraft descridbed in
terme of these recognition features, as was the case in the
deductive course. Again, aircraft were taught in groups of
4, and {nstruction on each group wes followed by a practice
exercise covering all aircraft taught up to that point.

In order to compensate for the course time lost due
to not presenting a system for identifying sircraft using
specific recognition features, it was necessary to increase
the number of times each aircraft slide was presented and
the length of exposure during the training and review
sessions. Js were shown slides of aircraft and vere essen~-
tially left to evolve their owa systes for discriminating
between aircraft. Whem questions arose concerning identi-
fying aircraft presemted in practi.: :xercises, project
staff members vho scted as mouitors 71id sot sentioa wing
shapes, mmber of engines, etc. They did pose questions
designed to encourage Ss to devise their owvn system for

21
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identifying aircraft.

D. Development of Criterion Measures

Criterion tests wvere developed for the two subject matter areas
directly from the statements of behavioral objectives and prior to
course developeent. The smme criterion test was used for both the

foductive and deductive versions of each course.

1. Celestial Navigation

A basic criterion examinstion wvas developed which {nclud-
ed all types of problems vhick Ss had been taught to solve.
Exsmination items were tried out using naive non-professional
A.1.R. personnel to obtain information regarding difficulcty
levels and the amounts of time required to complete items.

The exsmination ves revised on the bdasis of these tryouts
and items vere srranged approximately in order of increas-
int difficulty.

Because the solving of Celestial Ravigation problems
involved several steps, a test scoring system was developed
to provide partial credit for partial problem solutions.
This scoring system provided a possible raw score range of

scores from 0 to 5J.

A 20-item true-false test vas also developed covering
the concepts and principles underlying the problem solv-
ing procedures of Celestisl Navigstioa. The rationale
behind this test was to ascertain wvhether Ss exposed to the
“understanding™ treatment had indeed understood and wvhether
Ss pot taught thes' concepts might bhave “figured them out.”
1t wvas felt that this information would provide a valusble
supplemeut to the basic criterion test. Unfortunately,
hovever, the test proved to be far too difficult. ¥Not only
did the mean scores on this test fail to discrininate among

22
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the four treatment groupe, but nona of them wvas significantly

different from chance expectstions.

2. Alrcraft Recognition

The same 56-item criterion examination vas employed
for the Aircraft Recognition course which had deen develop-
ed during the previous study of this series (Tallaadge
et al., 1968), Each item consisted of ac serial photograph
wvhich contained one or more aircraft. The specific air-
ecraft that Ss vere to identify was circled in black. Pour
of the aircraft covered in the training wite pot included
ia the exmmination, and five aircraft wers -.ncluded in
the exaaination vhich were not covered in the course. This
procedure vas adopted becsuse thers was some interest in
assessing the effectiveness of different training spprosches
for the recognition of "nev” aircraft. Ss were instructed
to write the designation of the aircraft in the space pro-
vided they knev it and to write an "XI” {n the blank if
they were sure they had not been tsught that particular
aircraft. The test was scored simply by counting the mum-
ber of correct responses.

Study Implementation

1. Collection of Individual Difference Measures

Ss for the study were 333 Navy enlisted mes awaiting
assigneant to Basic RElectricity and Electromics School in
San Diego. All the psychological tests described esarlfier
is this report were admimistered to groupe of approximately
30 Ss during the first day of the 2-day experimental period.
All test adainistration wes conducted l'y members of the
project staff to sssure consistency of procedures from test-

" 1og session to testing session. Tvo project staff sembers
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were prescnt ot all tes’ing sessions. Fach testing session
lasted appruximately 7 hours including "breaks.” Scores
on the four Basic Battery tests vere provided by Naval

Training School personnsl for each S,

2. Course Adeinistracion

All experimental courses were presented at Naval Train-
ing School facilities with project persomnel serving as
instructors. Each course wvas taught to groups of approxi-
mately 3O Se during the second day of the 2-day testing/
training period. Two instructors were present during each
adainistrstion. The experimental classroom sessions con-
sumed approximately 1 full day (the Celestiai Navigation
courses tequired slightly longer than the Aircraft Recog-

anition courses).

3. Collection of Criterion Data

Criterion tests vere administered to sll Ss by project
staff members ismediately following completion of instruc-
tion. Again, two instructors were present to facilitate

testing and monitoring.

The Celestial Mavigation critarion examination required
1 hour and 20 minutes, vhila the Aircraft Recogoition exam-
ination required approximstely 30 mimutes.

24
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SECTICN III

RFSULTS

A. Correlation and Regression Analyses

Since this study was concerned with the practical as well as
the statistical signiffcance of differences in achievement resulting
from different treatment and learner characteristic variables, it
vas intended that meaa achievement scores under various experimental
conditions would constitute the ultimate basis for evaluating the
research results. Because so many variables vere involved, however,
it was felt that preliminary correlation and regression analyses
vould serve the very ussful purpose of providing guidance for focus-
ing subsequent analyses on a more limited number of experimental
variables which showved promise of being relevant. For this reason,
correlations were calculated, using the BMD-03D computer program,
between predictor and criterion test scores for all 39 predictors
in each of the 6 treatment conditions., These correlations are repro-
duced 1o Table 1, '

Exasination of the correlations in Table 1 did not reveal any
consistent psttern. With but few exceptions the ccrrelations were
of approximately the anticipated magnitude. One notable exception
wvas the correlation (r = .60) between the Set Toward Education test
and achievement under the Celestial Navigation Inductive Rote trest-
ment condition. The p = .95 confidence interval for this correls-
tion was found to be .41 < p < .74 indicating a substantial relation-~
ship. The corresponding corrc¢lations under other treatment condi-
tions wvere, for the most part, not significantly different from sero.

The Kuder Computstional and Scientific scales also showed sur-

prisingly high correlations with achievemert (r = .50 and r = .52,
respectively) for che Celestisl Mavigation Deductive Understanding
treatsent condition. Neither of these coefficients was significantly
different from the corresponding correlations for the other three
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TABLE 1

Correlations between Individusl Difference Messuree and
Criterion Teet Scores vithin Each Treatment Group

Colestial Uevigotion

I Alrereft Recogoition

Vadevotonding bote

Toduet [~ 1] {aduet Dodwe t laduet Dodure
MNAVY GOMERAL CLASSIPICATION .58 N ) .80 .48 L 20
WY AR DOETIC .12 .8 .2 .98 .00 -.08
WY IEOWNICAL a2 .0? .30 K1 .29 .07
vy QIRiCA .8 a8 .18 .n a8 -.08
(TOCR - LXTRAVERSION -1 -.08 .09 -.20 -8 -.10
LYK - MEUROTICT S .03 14 2 -.24 .08 -.N
(VO - LIT AL -0 -3 -.08 .01 .08 .09
CESTALY COPLETION .08 .26 .08 .02 .18 .16
EOON - HACENDNNCY Bl =19 .03 .03 -.00 -2
RO - PO (8101 TY .08 -0 .18 .o - 2
CONDOM - BOTIOwWS STABILITY .0t .02 -2 10 .02 .n
COEDDN - SOCIABILITY .00 -.00 -.08 -.00 -.33 .. 19
EO0EN F U ¥ .28 a2 2 20 .23
BDIS - MPCTMICAL -.08 -.08 .00 .08 23 ¥/
O - COPPUTAT | e, B 30 .M 28 N 0
MOER - WIBNTIFIC 2 .82 0 .1 .08 A8
ROIR - PERSUSS IVE -.01 -.07 -.1% - 18 -.18 .08
AOER - MTIETIC .18 ] RY - 14 -.08 R}
BTN - L) TERAEY .00 .00 .08 .02 -.03 .0t
O - MO, -3 -6 20 .02 .08 17
mEER - WXIAL WEVICE -8 .20 - -1 -@ -8
BEEe - CLINICAL .08 J8 =14 .18 -.18 .08
LY, L) -.00 -.07 .02 -,08 . ) .27
1 W - PORE DITELLIGENT A8 a8 N 8" Bl 20
W PP - DOTIOWLLY STARLE -9 .08 -.28 ] R 1] .19
1 P - MAERTIVE . ) B .08 00 .00 R}
W PP - FAPPY-ED-LUCKY .08 .08 .10 -.02 -0 -.08
i PP - COeECIENT IR .00 - 08 -2 «.0 W o )
W P - O -8 - 14 -.18 -.08 .29 -.19
W - TRDER-AOD .08 -0 03 -, 00 R .08
UL R T 4T ) .07 .08 -0 A9 .08
M P - ESDATIVE R} -.00 . ] .0 28 -.0?
W P - pED -2 -8 -0 -8 -8 -
3 W - PRIV -.08 13 .13 -8 N -2
LY 1 08 K. % . A8 - 14
WP - SRR IC LT 13 .08 A8 18 08 .08
i - CONTROLLED a0 -, 08 .10 -1 .0 N
W - TeaE .08 .00 -.08 -0 .0 -2
BT TONMID SOUCATION 28 .08 .60 .0 48 .
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Celestial Navigation treatments, hovever.

Of primary {interest were differcuces between correlations exist-

ing as a function of treatment conditions. No consistent patterns

of this tyne were apparent through visusl inspection. Despi-e these

sppearances, tests of the significance of differences betwecen corre-

sponding predictor-criterion correlations vere made for the follow-

ing paire of treatment conditions:

Celestial Ravigation
Navigation Deductive
Celestial Navigation
Navigation Inductive
Celestial Navigation
Navigation Deductive
Celestial Nivigntion
Navigation Inductive
Celestial Navigation
Navigation Deductivea
Celestial XNavigation
tion Deductive Rote.
Celential Navigation
Inductive.

Celestial Navigation
Deductive.

Celestial Navigation
Inductive.

Celestial Navigation
Deductive.

Aldxcraft Racognition
Deductiva.

Inductive Understanding vs. Celestisl
Understanding.

Inductive Understanding ve. Celestial
Rote.

Inductive Understanding vs. Celestial
Rote.

Deductive Understanding vse. Celestial
Rote. "

Deductive Understaading vs. Celestial
Rote.

Inductive Rote vs. Celestial Navige-

Inductive Zote vs. Aircraft Recoguition
Inductive Rote vs. Ai?crutt Recognition
Deductive Rote vs. Aircraft Recognition
Deductive Rote vs. Alrcraft Recognition

Inductive ve. Aircraft Recognition

Since there were 19 predictor variables, a total of 429 such
tests wvere made. On the basis of chance expectation alone, between

27
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2. and 22 uf these comparisons should nave shown “statisticaily sig-
nificant differences” at the = ¢ .05 level. I[n fact, 164 pairs of
correlations «etre found to be significsotly different at this level,
Similarly, & pairs of correlationas vhich differed at the p 5 .01

level were expected on & chance basis vhile 7 were found.

Several of the paired correlational differences reflected the
generally high correlsations existing betweem cognitive predictors
and the Celestial Navigation final examimatios, as contrasted with
the low correlations of these predictors with Afrcraft Recognitiom
criterion performsnce. 1f Navy Basic Battery Cemneral Classificatioa
and Arithmetic test correlations were excluded from consideration,
the number of obtained "statistically significant differences” was
below chanze expectation. At this level of analysis, then, there
appeared to be no mesningful resulte.

In defarence to those suthors who have srgued that correlatiomsal
data cannot be meeningfully interpreted and insist that regressiona
coefficients be ised in their stead (e.g., Cronbach & Snov, 1999),
reqreseion coeff icients wers calculated corresponding to sll the
correlation coefficients shown in Table 1. These regression coeffi-
cients are presented in Table 2. Differences between pairs of re-
gression cnefficients were tested by means of ¢t tests. These tests
were perforwed for all pairs of predictor-criterion relstionshipe
for which correlatiocnal differences had beea tested. The tests of
the differences betwveea regression coefficients yielded exactly the
same results as tha tusts of differences between correlatiom coeffi-
cients. The identical vairs of predictor-criterion relationships
vere found to be sigaificantly differeat at the same probabilicy
levels. The regression anslyses added mothing to information ob-
tained from the correlation analyses.
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TABLR 2

Regression Coefficients of Critericm Test $ceces
os Iladividual Differemce messures

¥ Celostisl Bovigetiem | Bievesds Dveognition
ndece sond \ag T Sete I
| g ¢ Dodur s (adbar o i wdw ¢ + ‘adus ¢ 7-*.
I — | ) oo,
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oy I DR TIK R ) .00 ).08 .8 12 . 84
Lo T 77N e .. .- N . .®
ey QURKA " 22 " P | N: ) ..
ITMPER - EXTRRS “® -. N - .00 - .03 - .40 - 0 - .38
INPKE - MMOTICIIN .08 -.0 .68 . .4) " - .28
fYISEX - LIt AE - .4 - .00 -. N .9 .2 .98
CAITALT LOTLLTION - .10 n A3 - B2 .n .98
UADD - AT ONCY R - .0 .03 N - .18 . .2
QUREKIN - % ImDBIBILITY h ) - .08 - .20 .08 - .08 K_J
«pe - DTG STABILITY .08 .0 - .19 .n .80 &
RO - YICLABILITY .0 . .18 - .38 .0 -.B - .2
00N ¢ INY N .12 .08 .08 .19 N
QAR - IEOWNCAR - .08 - .0 - .0 - . .12 A}
WMAPS - NIRRT 2 N ) .3% .28 - .18 N ]
QAR - KINPIC 13 23 .18 K _J .. .13
AR - FETNS IV - 0 - .08 - - .00 - .12 - .0
NSl - MTISTC 09 - .12 A - .00 - .08 0
ALER - (ITUMAY - .8 - .8 .08 .of - .0 0
AnIk - Wi e .2 - .13 23 .0 0% - .18
Nk - - A WAVICE .10 - .16 - .07 - .8 - .0 - .18
anEk - AL K] R’ - .12 - .12 - .1 .08
0 " - aode - . - .1 .08 - .¥0 - .08 -.n
W W - /oM NTTLLIGENR N K'J n 1.28 .58 W
10 " - SOTIOMLY S -0 2 - .0 .08 .. Y

6 o7 - AsEEATIVE «.R 24 .18 .. .0 .2 ]

1 5P - rPPYEO-LUCRY R . .2 - .08 - .. ) :

M 0 - COBCIDT IS %] - .0 - .00 . .00 .. - .0 :

8 P - WAL I0NE - .08 .. .29 - .00 -3 | -.® !
W P - TOCER-ANCED 2 - .0 .o - .28 .4 2
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L Replication Analyses

The experimental Alrcraft Recognition courses used in this
research vere essentially identicsl to the Afrcraft Recognition
courses used In an earlier study (n this series (Tallmsdge et al.,
1968). The Afrcraft Recognitiocn portica ot this etudy, then, coe~
stituted one of few replicaticns of s study im which significanet
learner characteristic by treatment interactioms had beem found.
The earlier study found that the inductive snd € ductive tre:’'memts
produced significantly different corrclations vith the criteriom
for three Kuder Vocational Interest scales (Computationsl, Scienti-
fic, and Social Service), and twvo Cordon Personsl Profile scales
(Ascendancy and Sociability). Noct one of the differences between
these same Sairs of corvelations was statisticelly significant i»
the present study although, with the exceptioce of Cordoa ~ecendaacy,
the direction of the differences wes the same im both studies.

In the earlier study, a compoeitu sessure comsisting of the
Kuder Scientific Interest scale (positively weighted), the Cordoe
Ascendancy scale (negatively weighted), and the Kuder Musical
Interest scale (negatively weighted) was developed wvhich sazinized
the differences among the four treatment groups included {a thst
study. Ss scoring above the median om this composite mesasure sbowed
significantly greater (Aircraft Recognition) schievemest under the
deductive method of instruction than under the inductive method
(p < .001). Us scoring below the median performed better under the
inductive treatment conditiom, slthough this differamce was not
statistically significant.

The same coaposite score was calculated for Ss taught Alrcraft
Recognition in the presest study. Usisg thesce data, oo achievemest
differences betwveen inductive and deductive treatment coaditions
vare found either for Ss scoring above the median, or those scorimg




NAVIRADEIVCEX 63-C-0271-1

belov. Table ) precents & comperisom of meas schievemsut scotes
from the esrlier snd the presemt stedy.

Table )

Mesn Achievemsnt $¢c¢ ')

Afrcraft Recognitiom Afreraft Recognitice
Rarlier Stedy Present $tudy

Inductive E Deductive | Inductive | Dedwctive

bo o es - ' ]
Righ Crowp 46.68 B 33.61 30.16 30.34

Low Crowp $2.19 ' 45.04 TR 49.13

SR .

- -

Bo explanetioa conld be found as to why the two replicatiocms
produced different results. Prrdictor and criteriocu test score mesns
snd variances were found not to differ sigaificantly betweea repli-
caticns nor were the results of the preseat study (as showm ia
Tabdle J) significantly affected by weing the composits ecore mediaa
from the earlier study to sort presest study Se iato high sad low
groupa.

C. Additional Treatmeat by Laarner Charscteristic Analyses

As discussed ia the Introduction, this study wes diseigned to
favestigote the effects of three separate experimental varishles -
swbject matters, typee of lesarning, and imstructiocmsl msthods. The
correlation and regressioca smalyses descrided above comsidered thess
three varisbles sisnltanecusly by dealing with predictor-criterica
relationships om 8 withis—trestmeat-group basis. By pooling data
from two or mOTe treatmemt growpe, it was also possidla to imvesti-

n
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gate each of the variables separately. The poessible effects of type
of learning, for example, could be investigated by pooling dats froe
the twvo Celestial Navigation Understanding courses and comparing the
pooled results with results obtained by pooling data from the two
Celestial Navigation Pote courses. Anslyses of this type vere carri-
od out and are descridbed below.

1. Lesrner Characteristics by Subject Matters

The effect of subject matters vas examined by pooling
5e from the two Celostial Navigstion Rote courses, ccwputing
correlations tetween individual d!fference measures and cri-
terion test scores for ths combined group, and compericg
these correlatioms with eimilsr corvelations computed for
the combined group of Ss from the two Alrcraft Recognitios
courses. Ageim, tewts of the eignificance of the differ-
ences between pairs of cxrrelatione were mede. Of the 19
pairs of correlations which were exsmined, 2 werxe found to
be significancly different at the p < .01 level, and ) wore
at the p < .03 level. The 2 larger differeuces iovolved
cognitive measures — Navy Bssic Battery Ceneral Classifi-
cation and Arithmetic tests. These messures showed high
positive correlations with the Calestial Msvigstios courses,
and such lower correlations vith the Aircraft Recognitiom
courses. This finding was expected and wes comsistent with
sixllar differences reported by Tallmadge et al. (1968)
involving these same two predictors and achisvemsmt in
courses on the Transportatioa Techaigque and Aircraft Recog-
aition.

Nomcogaitive measures were iavolved {m the ether three
statistically significant correlational differemces. The
Kuder Computationsl scale produced the largest difference

2
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detween corralstions, showing & eignificant poeitive re-
lationship with achievement 1n the Celestial Xavigation
courses 8nod a “aall negative correlativo with achievement
in Afrcraft Recognition. Since the Celestial Navigation
courses did iovolve & significant amount of computation,
this finding wvas slso consistent with expectations. The
16 PF Outgoing and Ixperimenting scales producsd the other
two significant differences. These relationships were
such that "Outgoingness™ was negatively related to success
ia Afrcraft kecognition, but uarslated to schievement in
Calestial Mavigation; wvhile "Ixperimentingness” vas aseoci-
ated with success in Celestial Ksvigation, but untelated
to schievement in Afrcraft Decognitiom. These relation-
shipe did not appear to be particulsrly mesningful, and

no attempt was made to interpret them.

2. Learner Characteristics by Types of Lesrving

To investigate possible intersctions between learnmer
charscieristics and types of laarming, Ss in the two
Celestial Navigation Understsnding courses were pooled,
es were e in the tvo Celestial Revigation Zute courses.
Correlations were them computed batweea each of the 39
individual difference measures and criterion test scores
for the two composite groups. Differences detween the
resulting pairs of correlations were then tested. Ouly
1 of the 19 measures produced a correlstion for the
wndczotanding learning conditiom which diffezed signi-
ficantly from tbat produced for the rote learming com—
dition. This messure was the Kuder Musical Interest scale
vhich correlated -.14 and +.12 vith schievement for the

tve types of learaing, respectively. Sisce more tham 1

»
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“statisticall, significant differenca”™ (p 3 .0%) would have
been expected on the basis of chance alooe, it had to de
assumed that this 1 relationship vas oot meeningful and,
therefore, that no learnur characteristics dy types of learo-
ing interaction existed for the Celestisl Navigaticn sub-

ject matter.

)3, Learner Charscteristice by lastructional Methods

Although there were thrse inductive snd three deduwc-
tive coursas, the instructioval mathods variable was not
taitislly examined by pooling the Ss for the three induc-
tive and ‘the three deductive treatmeat growps. To svoid
possible contsmination caused by higher order interacticms
involving either type of learming or type of subject matter,
the decision vas made to pool omnly two groupe st a time.
Thus the two inductive Celestial Nsvigation trestment groups
wvere combined, as were the two deductive groups. Similarly,
the inductive Celestial Navigation Rote group was pooled
vith the ‘nductive Afrcraft Recognition group, and the
deductive Celestial Mavigation Rote group was pooled with
the deductive Afrcraft Recognition group. As with the other
analyses, correlations for each composite group were cow~
puted between the 19 pradictors and criterion test scores.
Differences between pairs of these correlations were subse-
quently tested. Of the 78 comparisons made, 9 statistically
significare (p < .05) differcnces wers found. The pairs of
correlations which were found to be significsntly different
are presented iz Table 4.
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TABLE 4

Significantly Differen. Pairs of Correlations

Cel. Nav. Undcr-' Cel. Kav. Rote

standing plus plus Alrcraft
Cel. Rav. Rote Recoganitioa
Induct | Deduct Ieduct | Deduct
Eysenck - Reuroticisa .13 -.19 .14 -.18
M“ (L Al’ti.tlc .15 -011 - -
16 PY - Esotionally Stadle =-.14 .14 -.18 .19
16 PY - Issginstive - - .23 | -.03
16 PF - Apprehensive - - .18 -,20
Set Toward Education .43 .08 «37 .08

e ® e e e e . e—
—————tb e ..

Consideced individually, the pairs of corrsistions showa

ia Table 4 ere not particularly mesningful and might, one
could assume, be due to chance variatiocns. Three of the
scales, hovever, (Eysenck Neuroticism, 16 PY Emotionaily
Stable, and 16 PY Apprehensive) are esseatislly measurse of
sdjustment, The fact that all of these scales are comsis-
test with 1espect to their intersctioa with instructiosal
sesthod lends considerable credibility to the existemce of
an intersction betweea student adjustment and method of i~
structioca. It might evem be argued that the Kuder Artistic
scale and the 16 PP Imaginative scale also produce scores
wvhich are indicative of emotional sdjustmeat, and simce the
pattern of cortrelatiocns of these scales is comsistent with
thoea of the other scales, thus offer support for the exis-
teace of such an interactiom.

3
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The significantly different correlations involvirng
the Set Toward Educstion test all resuit from the single
very high correlation between this measure aund achievement
in the Cescstial Kavigation Inductive Rote treatment group
which was dincussed aoogve. They neither supported nor de-
tracted from the possible existence of aa icteraction betveen

method of {nstruction and the adjustment of learmers.

There vas no indication that either subject matter
or type of learning affected the relationship betweem in-
structional methods and learner adjustment. It vas decid-
ed, therefore, to pool the three inductive treatmert groups
and the three deductive treatment groups in order tu examine
the overall effect of instructional method. Uhenm this was
dome, correlations were computed for the three scales clesr-
ly related to emotional adjustment. Table 5 presents these
correlations as well as multiple correlations for the induc-
tive and deductive groups vhich wers computed dy assigning
wveights of +1 to the ELysenck Neuroticism and 16 PF Appre-
hensive scales, and a weight of -1 to the 16 PF Emotionally

Stable scale.

TABLE 5

Correlations Showing Interaccions between Measures
of Acjustment and Instructional Methods

:F Ioductive Deductive
‘lyuack - Neuroticism .11 ] -.17

16 PF - Esotionally Stable K -.13 i .16

|16 PP - Apprehensive ' .12 ! -.16 l
Multiple i .14 i -0
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Pigure 2. Interaction between amxiety
and insccuctional method,

The regression lines corresponding to the sultiple r's
of Table 5 are plotted im Figure 2. This figure {llustrates
thag the regression lines crose nsar tia predictor score
ssan. The slopes of the regressica iines were found to be
significantly different (p < .C3) as wers the multiple r’s.
To furtber investigate this interactive relationship, Ss

k1

. R D e L R R L i e O S




NAVIRANEYCEN 68-C-0271-1

were subsequently sorted intoc high and low groups depanding
upun whether their composite predictnr score fcll above or
below the point wvhere the regression lines crossed (V » -,36),
Finally, mean achievement test scores vere computed for those
ahove the crossuver point vho received an Irductive tz-at-
pent, those above the crossover point who received a deduc~-
tive treatment, those below the crossover point vho received
an inductive trestsent, and those below the crossover poiat
vho received a dedurtive treatment. These msan scores (to-
gether vith the associated standard deviations) are presented
ia Table 6.

TABLE 6

Criterion Test Score Means and Staundard Deviations for
High and Lowv Anxiety Groups Taught Inductively and Deductively

1' Inductive . Deductive j;
Anxiety | s = 9.8% s = 8.9
I
Lod 0 T = 48,27 2= 5214
Aoxiety : s = 8,91 s = 10.19

Pinally, an anslysis of variance vas performed on the
criterion test scores for the four groups using the un-
veighted means techaique (Winer, 1962). The results of this
anslysis are presented in Table 7. As can be seen, neither
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the learner characteristic nor the instructional sethod
main effect vas statistically significant while their

{uteraction vas significant.

TABLE 7

Unweighted Means Analysis of Variance

. ‘r Source df M5 [ 4 p ]
i!utmcuoul Methods | 69.5 <1 '
\Lesrner Characteristics 1 27.0 <1 !
Interaction 1 710.0 8.0 <,01 !
Error 349 88.7 I

Differences between pairs of means shown in Table 6
were tested using Student's t. The deductive instructional
method vas found to be significantly superior (p < .05) for
the lowv soxiety group. The instructional trestments did not

L

produce significant achievement differences (p > .10) for
the high anxiety group. Similarly, the low anxiety group
performed significantly better thsa the high anxiety group
(p < .05) under the deductive treatment while the differ-
ence between groups vas uot statisti~zally significant

(p » .10) under inductive i{natructior .l conditions.

. D. Analysis of Overall Treatment Effectn

While the primary concern of this study was vith interaccive
relationahips involving learner characteristic vsriebdbles, it did sot
seem appropriate to ignore completely any overall effectiveness dif-
ferences vhich might have existed between treatment coniitiomns. For

this reason, mean achievemsnt scores and associated standard deviations

39
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wvere ca.culated and are presevted in Tadle 8.

TABLE ¢

Mean Achievement Scores and Stindard Devistions
for the Six Treatment Ccnditions

Iaductive | Deductive :

- -

J
‘ Celestial Navigation | Y e 50,6 | X 49,0 5
Understanding s~ 8.8 o= 9.9 !

»rcuumx Kavigstion ?e 49,2 ) S 9
Rote s = 10.1 se= 8.8

" Afrcraft Recogaition Yed9.6 | Xadge !
' o= 9.7 |ee 9.7

l |

The Fp .y test vas used to test for homogeneity of varisace. No
significant difference vas found (’m e 1.21). Differences between
all paics of means were tested using ¢ tests (a comservative proce-
dure vhen attempting to minimtze Type 1 error). No statistically
significant differences were found.

While it should be pointed out that between-subject-matter dif-
ferences were statistically eliminated by standardizing scores with-
ia subject matters, results of the above described tests led to the
conclusion that vithin-subject-matter treatasent differences produced

no significant achievement differences. ‘
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S$ICTION 1V
DItCuUSSION

The purpose of this etudy ves ty demonstrate the practical
sigrnificance of learner charscteristic by fnstructicnal treatsent
interactions by verifying the experimental {indings reported in a
previous study (Tallmadge et el., 1968) and by asttempticg to incresse
th? magnitude of the obeerved relstiocaships through sa iaproved ex-
perimental design and sharpened asasurement techniques. [t s
readily apparent from the resulte descridbed ia the previou. sectiow
of this report that this gosl wvas excessively optimistic snd that
far wore basic knowledge s required bdefore learning style research
is likaly to have s significant impect oo any real-world treining
programss.

k3 32
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At the time the study described here was undertakea, other
iavest . jetors shared vith the suthors of this report a general feel-
ing o0 esthusiasa for the practical {mplications of resesrch in this
ares. Numerous studies were sppearing vhich reported significant .
learner characteristic by treatment intersctions, and it seemed thet
soon some order would emerge from the apparently unrelsted and fre-
quently discrepant findings. HRypothoses were being formulated and
tested iz = wanner which held promise for establishiag e replicadle
basis for future, more sophisticated refinements.

.. " "].‘ o
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As the proliferation of research reusults produced an incressing
oumber of closely compsrable studies, the expected emergence of coe-
sistent patterns of reilationships simply did mot occur. Rather, it !
appeared that relatively miror differences between treatments could
cause & complete reversal of interactive relstionships. Such rever-
sals wvere observed by Bundersoca (1969) and by Burton and Colddeck
(1962) as & function of differences im the difficulty of learning
tasks vhile subject matter differences produced a similar reversal
ia the Tallmadge et al. (1968) study (although this difference be- '

]
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tween subject matters could hardly be descridbed as wminor).

These findings, coupled vith the large oumber of studies report-
ing negative results or results inconsisteat with expectstiocns, have
caused the prevailing mood to change frcs cytimism to pessimism.
Bunderson (1969), for example, i2s decried the "robustness” of apti-
tude-treatment interactions suggesting that other approaches are
more likely to improve {nstructionsl effectiveness. Certainly the
results of the pressnt study are, for the moet part, consisteant with

this recently expresesed vi.ewpoint.

Still, it does pot sppear that learning style research should
be abandoned. The relationship found in the present study detveen
anxiety and (inductive va, deductive) teaching methods, vhile not
hpnutvnl'y. hfue. vas sufficiently robust to stand up for two dif-
ferent types ot learning, two differeat subject matters, and prubably
at lesst two difficulty levels.

A. Pindioge of the Present Study

The eingle positive finding of the present study wvhich the
authors feel is reliable and vhich should stand up to replication
vas the sbove mentioned interactive rolat'imhtp bctilvnn learner
anxiety and method of instruction. While many "statistically signi-
ficant differences” were found between pairs of predictor-criterion
correlation and regression coefficients as a function of treatment
conditions, the majority of these differences were cousidered to be
unreliable since they represented only a small fraction of the total
pumber of pairs tested, and since they formed no clear-cut pattera.

The only major exception to the spparently random distribution
of predictor-criterion correlation and vegression coefficients in-
volved measures o(‘lumr adjustment (or conversely, anxiety).
Three of the four such scales included in the study (the Gorvdon
Emotional Stability scale wes the exception) showed consistent
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patterns of interactiom with the isstructionsl sethod vaiiadle for
both types of lesraning and subject matters investigated. While
dbut five of the sin relationshipe vere statistically significast
(based on correlationoal differences — see Table 4), they were per-
fectly consistent and indicated that the more saxious studeats prr-
formed better under fnductive tnstructionsl conditions while less
anxious students showed better achievement following deductive ip-
structios. Whes the three scales wvere pooled to yield a single
amxiety msasure, the imteractioa P ratic wes statistically sigaifi-
caat at the p ¢« .01 level, but mean schicvemeat scores were sigaifi-
castly different (p < .03) ounly for Ss low Sa amxiety.

Because these differences were mot of grester magnitude, the
posaidility that existing relatiomships were nonlizear ves comssider-
od. As Crombech and Snow (1969, p. 17) have stated, "Especislly ia
stidies vhere mtity is & pretest varisble, it is found that per-
formasce under a ;:cruin trestasut {s advantagecus for a 'middle’
group and disadvantagec<s at the two extrames.” Ia accordasce with
their recommendation “that the investigator iacpect his daia for
1ikely nonlinesrities,” "¢.aciste scatter disgrams were plotted of
the composite predictor-c “itarion relationships. Visual inspection
of these scatter diagrams 1revesled no evidence of momlisesrity. This
negative fipding mey well have been sttributable ¢~ the particular
sample of Su investigated. The highly amxious "rail” of the distri-
bution could easily have beea cut off through standard Kavy screes-
ing processes, by the rigors of bdasic training, and by the further
"hurdles” of selectiom for aa electroaics career fisld.

While it wes mot possible to test this hypothesis with aa
ascceptable degree of rigor, compariscus were meds betweea measas and
staadsrd deviations of the experimental sample snd normative data
iacluded ia the test mamwils for the Eysemck Reuroticism scale (Form
3) and the two 16 P? (Form B) scales. The sample mesn for the
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Lysenck Neuroticism scale (f  9.0) vas found to be significantly
lower (; ¢« .01) than that of the "American College Student” norm
group (1 e i0.9), Lut none of the other means or standsrd duviaticas

shoved similar differences.

Other potentially meaninzful results iovolved the unusually high
criverion correlations of (1) the Set Toward Education tust for the
Celestial Navigstion Ioductive Rote course and (2) the Kuder Ccwpu-
tational and Scieantific scales for the Celestial Navigation Deductive
Understanding course. Vhile these correlations mey oot have deen
ssaaingful , their occurrence oo a chance basia wves extremely remote.
For the sample sise tested, Fisher's Exact Probabiiity Test {ndicates
that a correlation of .60 would occur by chance between one in tvo
aillion and one in five millica tinses.

There did not appear to be any logical vay to account for thesa
large correiations. Ia fect, vere one to predict s high correlatiom
between the Set Toward Education test and criteriom performance based
os wvhat the test s presumed to seasure, it would de for one of the
"understanding” treatments — not for a rote learning situatioa.

In any case, vhile the msaning of tiese high .cmchum ves not
at all obvious, it would certainly seem appropriate to ioclude the
ssasures vhich produced them ia future learning style studies in
hopes of gaining additiomal iosights.

The eignificant negative findings of the present study related
to its failuie to duplicate, or even closely spproximste, the results
obtained in the earlier Tallmadge et al. (1968) stucdy. The Aircraft
Recognition courses used in the present study were identical to
those used in the esarlier study, yet none of the five statistically
significant differences between inductive and deductive course
predictor-criterion correlations which were found in the esrlier
study stood up under replication.
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In aa sttempt Lo reconci.e these differences, rav data end coe~
putations from the tvo studies vers reexamined {or possible ervors,
but oone could de found. The only other factor which could de
identified as possidly resgonsidle for the differences was the fact
that the Inductive Afrcraft Recoguition course was taught by one
instructor i{n the earlier study while a different instructor taught
the deductive course. In the present study, both Aircraft Recogmitios
courses were taught dy a single instructcr.

This difference betveen the two studies would constitute a
reascnable explanstion of thair diffsreat findings under some condi-
tions. Since student-inatructor imteractiom vas kept to a minimm,
howvever, and eince the instructor ia doth instances was highly “pro-
grammed,” this explanation did not appesr sstisfactory. It seemed
equally unlikely, however, tlat 35 of tle 1) correlational differences
icvolving poncognitive predictors could have attained statistical
significance on the hasis of chance slons. Since at least one other
investigator has found evidence of tescher by student interacticas
(Heil & Washburne, 1961), the former of the two explznations 1s per-
haps the more plausidle.

1t was pot really possible to compare the Celestial Raviga'.ton
portioca of the present study with the Transportation Technique por-
tiom of the previous study both decause of differsnces between the
two subject matters and because of the comnfounding of types of teach-
ing vith t:pes of learning in the 1963 ressarch. Despite these
theoretical limitaicns, bhowever, the fact that nooe of the statis-
tically sigaificant correlationsl differences of the earlier study
recurred in thes present study wves somevhat distressing. In design-
ing the present study, the authors considered that the Celestial
Ravigation and Transportatiom Techaique topics were equivaleat in
all relevent respects.

L}
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Because all {ndividual difference messures vhich showed signi-
ficant interactive relationships in the 1968 study were included in
the study reported here, it was possible, at least partially, to
crosv-validate the findings of the esrlier study (although they did
oot stand up to this cross-validation). The reverse, unfortunately,
ves mot at all feastible since the measures which produced spparently
msasingful intersctions bere had not beea included in the earlier

study.
B. Relatioaship to Other Published Research

Other published studies hsve also dealt vith learner anxiety
levels and instructional freats:.:.. conditions seemingly similar to
those investigated here. It wvas, bowever, extremely difficult to
deternine vhethez theuve published research findings were consistent
or inconsistent vith the results reported here. There were three
msjor ressons for this difficulty. The first comcerned the imstruc-
tional treatments themselves wvhich, for the most part, bave been
inadequately labeled and described. This problem was discuseed
extensively by Tallmadge and Shearer (1968), wvho concluded that it
was frequently not possidble to tell vhether an instructional treat-
ment vas inductive or deductive despite ito ladbel.

A second prablea related to the specific individual difference
measures used. Studies purporting to deal vith eaxiety nave used a
variety of different instruments to measure it, eflecting wvhat
Cronbach and Snow (1969, p. 159) describe as "a most haphazard mix-
ture of defining varisbles for the personality construct.” Then
too, {investigators have typically used & relative criteriocn such as
the class mediin to sort Ss into high and lov groups. This practice
further complicates efforts to make comparisons across studies where
the class medians may vary consideradly.
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The possible existence of undetected nonlinearities {n rels-
tionshipe detwveen learner persoaslity characteristics und achieve-
sent presented another difficulty in {nterpreting published findings.
Vhile no evidence of nonlinearity was found in the present study,
this*characterietic frequently uccurs vhare 5s representing the
axtremes of the anxiety scale are included in the treatment groups.

Studies iavestigating relatiouships betuveen anxiety and schieve-
ment 23 & function of fnstructionsal trestment variables are cited
by Cronbach and Saow (1969), and dy Tallmadge et al. (1968). None
of the cited studies, however, iavestigated both anxiety and induc-
tive vs. deductive methods ~f instruction. It was indirect evidence
whiclhi led Cronbach and Snow to the teatstive conclusion that smxious
Se might profit more from etructured tham unstructured instructicual
treataments vhile the opposite might be true for less anxious Ss.

This conclueion would appear to be at varisnce with the experi-
sental findings reported here since the three deductive expaerimental
courses were certainly wmore highly strictured thao the three foduc-

tive coursas.

1f, bowsver, one assumes that the high saaxiety group in this
experiment vas really a "middle" group when compared against abso-
lute standardu, then the results of the present study appear more
consistent with the reported litersture and vwith common sense expec-
tations. DBecsuse of curvilinssrity of regression, both extremes
of the anxiety distribution should perform better under structured
conditions vhile tue middle group should be at the optimum arousal
level to both profit from the freedom and cope vilh the ambiguity

. of the less structured situation.

In summary, it sust be said that thece is little ia the pub-
1ished literature which either detracts f{rom or lends credence to
the findings of the present study. While the consistency of the

/!
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obtained rerults across different trestment conditions increases
one's confldence In the “atatietical significance” of them, only
future replication can be depended upon to establish the relfadility

of the relationshipe.

C. Statintical versus Practical Significance

The statistically significant findings of this study resulged
from quite small neas schievement differences produced dy different
fnstructional treatments. The magnitude of these differences vas
clearly not sufficient to have any practical implication for Navy
training prograss. If the observed relationshipc vere to stand up
under field conditions, some training effectivensss gain could de
expected. The coat of implementing two slternate vereions of every
existing course, however, would far sore than offset this gain.

It sust be cooncluded, therefcre, that the rerults of the pre-
sent study have not beem of any immediste practical siguificance to
Navy tralning problems. This conclusioa should not, however, de

taken an an indictsent of the entire learning style concept. Ressarch

{n this field, although prolific, has not yet become systematic.
Investigators coatinue to be surprised by the resulrs they obtain,
and new and potentially relevant psychological parsmeters are seren~
dipitously unearthed with regularity. The difficulty dimension,

for example, has not yet beem the subject of a single coatrolled
experiment, although the findings of several investigators cited
earlier suggest it may play a critical role in learning style

research.

Similarly, the instruments used to seasure potentisl correlates
of learning styles have all been develcped for different purposes.
No study known to the suthors of this report has even gone so far
as to examinc individual test items in this context.
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At the present time, research in the laarning style area hss
produced statistically significant findings. Mean achiuvement dif-
ferences in some of these studies may even have been of sufficieat
size to have practical value. Still, it is not known vhether these
findings would stand up under replication -— much less whether they
could he generalized to different subject matters and different

atudent populations. Much more research must be done.

While the findings of some recent studies have not beeu parti-
cularly encouraging with respect to the eventual practical utility
of indivi ualizing ‘nstruction to match learning styles, the next
generation of ressarch projects way very well prove far sore note-
wvorthy. It can certainly te said that much has been learned about
how to conduct this type of study, and the embarassingly frequent
blunders detectable by hindsight should not recur.

D. A Methndological Note

A mumber of suthors reporting research in the srea of learning
styles have used correletionsl data to test hypctheses regarding
fnteractions between learner characteristics and treatment variables.
Where differences between predictor-criterion correlations have been
found an a function of treatment differences, meaningful interactions
have been claimed.

Other authors, notably Cronbach and Snow (1969), have been par-
ticularly haresh in reviewing studies reporting correlational data.
Ia discussing a study by Smith (1962), for exsmple, they describe as
*s major fault” the fact that "correlstions rather than regression
slopes are interpreted [pp. 90, 92]." Thay further describe the
study as “a particularly distressing example of a psinstaking and
1sborious experiment rendered worthless by faulty analysis (p. 92]."

In the same report, Cronbach and Snow said of the precursor
to the study reported here (Tallmadge et sl., 1968) that "the unavail-
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ability of reuression dats for single aptitude variables maxes

detsiled Interpretiticn impossible at this tire.” This statemcut
did not seem entircly credible and a decision vas msde to investi-

vate the issue,

The abvolute values of correlation or regressi{va coefficients
are out of primary concern in interaction etudies. Rather, differ-
ercea between prirs of these variables are the icems of critical

concern.

When teoating differences between correlation ccefifclents,
Fisher's =’ transformaticz fa t3ed 2z =ot=alize the data. When
correlatioos arc.s-all, however, =' is very close to it» correspond-
ing » and (:'l - z‘?) {s even closer to (rl - rz). Since this type
of research in geberally dealing with both relatively small correla-
tions and relatively small differences between correlations, (r, - r:)
is highly correlated with the statistical significance of the dif-
ference. VWith Nl - hz » 53, for example, 8 correlational difference
of .19 Is required for statistical significance (; « .05) when corre-
lation coefficients arc equally but oppositely different from zero,
as opponed to a difference of .37 vhen one of the correlation coelfi-

clents {s zero.

While visua)] inspection of differences between correlation co-
efficients can yield close approximations of the sraningfulness of
these differences, the same is not true of differences betwveen re-

aression coefficients.

The (ormula for a regression coefficient, b, is b = p 5?- vhere
r» @ the correlativn coefficient, 8y = the standard deviation of the
criterfun score, and ¢, = the standard deviation of the predictor
score. Assuming a differcnce of , say, +.10 to =-.10 between predictor-
criterion correlatiun cocsiicients as a function of different jnstruc-
tional treatments, it is easy to see that this difference can appar-

ently be magnified where critericn score variance (uy') exceeds pre-
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dictor score variance (0:') and disinished when predictcr score vari~
ance exceeds criterion score varifance. A few examples from the

present study will help to illustrate this point,

The Eysenck Lie scale ylelded criterion correlatione of -,09

for the Celescial Navigation Inductive Understanding treatment and
4.01 for the Celestial Navigation Deductive Rote treatment. The
small difference betwveen these correlations vas o>viously mesningless,
yet the difference betveen ths corresponding regression coefficients
(=.43 and +.05) vas misleadingly large. The critical ratio focr this
difference was only .52. Similarly, the 16 PF More Intelligent

scale praduced criteorion correlations ot .15 and .34 respectively for
the Celestial Navigation Deductive Understanding ard Deduczive Rote
treatment groups, vhilc the corresponding regression slopes were

.97 and 1.88. Agnin; thi's seeming large difference was not atatis-
tically eignificant (critical ratio = ,27),

Ao opposite kind of relationship was found for the Kuder Scien-
tific scale vhich produced criterion correlations of .52 and .08
respectively for the Celestial Navigation Deductive Understandirg
and Alrcraft Recognition Inductive treatmant groups. The large dif-
ference bciween these rorrelations appeared to be aeaningful and vas
found to be statistically significant. The saall difference detween
the corresponding regressjon coefficients (.33 and .05) was aot
apparently notewo:sthy, but it, too, was found to be statistically
significant (critical ratic = 2.42).

These fev examples should make it abundantly clear that differ=~
ences between correlsation coefficients are far easier to interpret
than differences between regrelsion coefficients vhen standard devi-
ations are not presented. Indeed, the only time when regpression
coefficients can yield information which is prima facie wore meaning-
ful than correlation coefficients is when the trratment has a signi-

ficant effect on the variance of criterion acorcs and the variance
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of predictor scores f{s identical to that of criterion scores (both
fRroups pooied).

Since the regresalon coefficient, b, equals r g? and sirce o
should not differ from treatment group to treatment group (assuming
random assignment of s), only differences in ¢, could enhance the
meaningfulncss of diffcrences between re;rclolo; coefficients over
differences betveen correlation coefficients. Such differences in

a,'s could certalnly result from differences in fnstructional treat-

v
ments, [t has frequently been claimed, for exsmple, that emall step
programmed instruction reducea the effects of sptitude differences

observed following conventional or even large step prograsmed in~

struction, While existing evidence say pot te sufficient to ouppott'

this hypothesis, few psychologists wonld question the potential of
any instructionsi treatwent to affect the variance of achievemsnt

scores as vell as their mean.

As long as the possibility exists that instructicnal treatment
conditions may affect the variance of achievement means, this “ind of
treatment impact should be carefully iovestigsted and reported.

Such differences are potentially more significant then d’fferences
between mean achievement scores vhich may be due to many extraneous
factors (e.g., the deductive course writer vas a 'bdetter”™ teacher
than the inductive course writer).

A3 has frequently been the case, the theory that something mey
be — and its existence in fact — did pot coincide es far as data
from the present study were concerned. (orrelstions were computed
(and are lioted delow) between the critical ratios of differences
betveen 2’ transformations of correlation coefficients and the criti-
cal ratios of differences between corresponding regression coaffi-

cients for tha following gmups:
© Celestial Ravigation Inductive Understanding vs. Celestial

Navigation Deductive Understanding (~ = .9368).
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@ Celeusvtal Navigstica Inductise Understanding vs. Celestisl
Navigation Inductive Rote (r =» ,9320).

0 Ce.cstinl Navigation Inductive Rote ve. Celestisl Nsvigs-
tion Deductive Rote (r = .£998),

v Cclestial Navipstion Inductive Rote ve. Afrcraft Recognition
Inductive (r = ,9866).

0 Celesttial NRavigation Inductive Rote vs. Afrcraft Recognition
Deductive (r = ,9763).

o Calestial Navigstion Deductive Rote ve. Afrcraft Recognition
loductive (r = .9%69).

‘o Calestial Navigation Deductive Rote vs. Alrcraft Recognitiom
Deductive (r = ,9227).

These dats indicate that correlational differences, vhich might
be labeled by Cronbsch and Soow ss "worthless,” sccount for at least
81X, as much as 97, or an average of 892 of the varinnce of statis~
tics which meet their criteria.

Examining dats f.om this study's precursor ylelded highly
simflar results. Th following correlatiocns were clLtained between
critical ratios of 3 and regression coefficient differences:

o re= 9331 (Nhaasportation Technique Inductive vs. Trene~

portation Technique Deductive).

o re 9766 (Transportation Technique Inductive ve, Alrcraft

Recognition Inductive).
o re 9889 (Aircraft Recognitioe Inductive ve. Adreraft
Recognition Deductive).

One must conclude that correlational differences are at least
highly related to ths ultimate "truth” (as defined by Cromnbach and
Saow) of differences between regressioa elopes.

Ooe further poiat was meationed esrlier but is deserving of
furcher comment bhere. It concerns the difference detveen ordinal
and disordinal interactions. An interactiom is disordinal 1f the
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rrereanion line for one treatment crcesees that {or another within

the ranue of expericnced acures,

T the statistically wophisticated reader, It ahiuld be ¢ vicus
that il scan achicvement scores are Identical for twe treatment
keoups but represeion 1lopes are dtf(erent -~ then any {nteraction
sunt be lisordinl, If the "main” effect of any experimental vart-
able fu different from zero, hovever, the regrec.ion lines are less

li{kely to crons, .

As was pointed out above, factors such as the respective teach-
ing skills of diffcrent course vwriters may produce betveen-treatment
main effect difterences which are essentially artiifclas, Such
safn effect differences, although artificial, may change interactions
vhich would he disordinal In their absence into ordinsl fntevactionms.
For thin reason, care must be exercised in interpreting reportcd

ordinal (nteractiona, They may be fully s meaningful as disordinal

!‘nteractions.
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One mtatiativally significant and spparently mwantngful (nter-
sction wam found In this study. It {nvolved learner adjustment or
anxiety level and Inatructional methods fn such a sanner that the
acre anxioun !cvarmrs performed significantly better under induc-~
tive {nstructional conditions vhile the leas anxious lcarners per-
formcd better under deductive instructional conditions (although
this lecter difference difd pot attain the p < .03 level of statis-
tical significance). This interactive pattern wvas consistent,
although not necesssrily statistically significant, for three of
the four adjustment-anxiety measures included {n the study for twvo
subjcce matters and for tvo types of learning (understanding and

rote).

Other "stativtically signilicant™ predictor-criterion correlu-
tional dif(ferences wvere found vhen compsring different instruccional
treatmcnts. Because s large mmber of such comparisons was made,
hovever, and because no consistent patterns could be detected, these

differences vere rcjected as probably not reliable.

One part of the study reported here was an almost exact repli-
cation of part of an earlier study in this series (Tallaadge et al.,

1968) . Kot one of the statistically significant differences reported

in the earlier study recurred in this resesrch, hovever. The possi-

ble occurrence of a s udent-teacher interaction effect in the earlier

study wvhich could oot hsve occurred in the present study (because

only one teacher was involved) vas listed as the most likelv, although
oot entirely convincing, cause of this discrepancy. In any case, the

fajlure of this study to confirm the results and conclusions of the
earlicr study led t2 & wore conservative and parsimonious interpre-
tatfon of present study findings.
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veveral quite targe correlation coeff{icients were fouml relst~
ing 1ndavidual Jdit{erence arasures to criterion performance under
‘nly one treateent coadition. They cculd ont, hovever, te mescing-
fully luterpreted, and it was concluded thet they should not ‘e
included In multiple predictor composites, alrhough doina s0 would
certainlv have Incressed the apporent “statistical si«n'ficance” of

the finlings.

Vhile the resulte of this study are c.'rtainly lese exciting
than the results of the earlier study sppeared to be, it is felt
that they will stand up under replication end, comsequently, offer
realintlc support ior the hypothesis that {ndividual dif{fecences in
learning style exist,
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A. Pecommendaticns (or Preaent Training

It has been stated elsevhere in thie report that the research
{indinze vere not of sufficient magnitude to suppurt the cost-
effectiveness of {ndividualizing instruction on the basis of learo-
ing style diffurences. Statistically significant relationshice be-
tween learver snxfety snd teaching sethods were found, hcwever.

It is not improbable that these relaticushipe could be profited
from in the usual classroom setting. Where, for exsmple, standard
expogitory techniques are uwot fumediately successful in producing
the desired learning for e significant wuwber of students in s
class, avitching to an inductive instructional mode might represent

the opcimum strategy.

Even this recommendation {e difficult to support if {t is
assumed that some cost i{s associsted vith its implementation. The
D reseatch results produced t3 date have simply not heen sufficteantly
clear-cut or coavincing to offer a strong argument tavoring sny rimo
of change to prescnt instructional practices.

3. lecommendntions fcr Puture Research

While the results of the present study sre not particularly
ispressive, they are based on & conservative snalysis and interpreta-
tion of the data. The study should, therefore, be cousidered as
supporting the coocept of learning styles evea though the size of
the observed effects was substeatislly lesy tham had been expected
oa the basis of earlie: research (Tallmadge et al., 1968). Further
ressarch should, and certuiely will, be undertaken.

Ome negative finding of the preseat study, aussely that oeither
subject matter nor type of lcaraing appeared to be related to learner
characteristics by instructiocaal msthods fniersctions, apparently
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negaten the potentgial utf{lity ot furthtc. {aovestigairion of these
varfable~. Wl'ile the cuthors would not accept this position in the
absence of replicaticn or otler rescarch specifically concerned with
subject matter varfables, they would concur that investigations of

leerner-centeced variables sppear more promising st the present time,

Nearly all research in the learning style sres Las employed
individual difference measures developed for other, usually specific,
applications. While those studies which tested hypotheses about
aptitude varfiables have heen well served by such {nstruments, studies
concerned with noncognitive learner characteristicma, especilally
persunality variables, have been less fortunate. TFor the most part,
studles of the htter. tyﬁc have been exploratory rather than
hypothesis-oriented. ‘They have produced statistically eignificant
findings vith at least the same frequency as sptitude-related studies
but have been difficult to interpret, and especially to compare,
becsuse of possibie nonlinearity of regrecsion, differences 1n "class
sedians” between studivs, and other contaminating factors.

1t is the autnore’ bLelfaf thal 2h: =ust cianificsne future
develupaents in the learning style area vill involve noncngnitive
learner characteristics. They also believe that specially developed
measuring instruments brsed either on item analyses of existing
tests or on specifically forsulated hypotheses will be most likely
to produce seaningful results.

feswick (1969) has recently pointed out certain parsllels
between the lcarning style research reported by Tallmadge and
Shearcr (1909) and some of his own rescarch oan curiosity (Beswick,
1964; 1968). He has suggested that possible interactions betveen
intrinsic motivation (curfosity) and the conditions of instructton
may be stetributable to “conceptual conflict® witk both subject matter
and instructional msethod acting as moderator variables.
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Arcording to Bessich'e theory, .'s high on the curfosity cune
tinuua will Le punitively motivated by {nstructional trestssnt condi-
tions high In “conceptual conflict” -—- conditivns which might te
described as intellectually challenzing -- and negac’rely motivated
by low "conceptual conflict.” The reverse pattern would be predicted
for ~s luw fn curiosity. Clearly, relationships etween conceptual
conflict and type of learniug, type of subject matter, and sethod
of fastructicn would not necessarily be unidirectionsl, and the
latter variables could icteract in many ways to affect the concep-

tusl conflict of an fnatructional t:eatment.

Bewvwick's hypothesis regarding the motivational effects of con-
ceptual cunflict on L"il-hl;h‘und low {n curiosity would readilvy
acrm:at (or the ruesulte observed by Bundersom (1969) and dy Burton
and Coldbeck (1962) as a function of treatment difficulty differences.
Purther {nvestigation might reveal other aspperently conflicting
results vhich could be explained by his coeceptionm of curfositv,

Whether or not Beswick’s complex formulation of the learning
style fssue proves valfd, it {s the kind of theoreticrl apprcach
which the suthors believe holds promise of lvading eventually to a
nooluu;n of the maay still unanswered questions. They feel It
im now clear that simple solutions will zot be (ound end that, unlese
research is designed to tes: specific hypotheses, much elfore will
he wanted in speculation over the many seeming incomsfistencies fn

the research literature.
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MAVIRADIVCIN 68-C-0271-1

APPEXD1X

EXCERPTS FROM THE FOUR CELESTIAL NAVICATION COURSES

(These excerpts, taken from the four Celestial Navi-
gation courses, all deal with finding the distance
from the observer's true positiom to the Ceographi-

cal Positiocn of a star.)
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CELISTIAL NAVICATION INDUCTIVE UNDEXSTAXDINC CCURSE

When |'e standine at the Nocth Pole, at what altitude will
rolarin appear above the horizon? nght,. It 1o 90 degreee. And
wvhat (4 the latitude of the North Pole? Right, it §s also 5O
degreea, When ['m standing at the North Pole, how maty degrees as
| sway from the point on earth directly beneath Polaris? Right, I
am sero degrees avay, Vhen | am standing at the equator, how many
degrees {s Polaris above the horizon? Right, it i3 right on the
horizon or zero degrees above it. What is the latitude of the
equator? Right, it 1z zero degrees. Now, -- how many degrees awvav
from the point cn earth directly benesath Polaris sm I vhen ! am stand-
Ing at the equator? WVell, if I's zero degrees svay when ['s standing
at the North Pole (and Polaris is 90 denrees above the horiton), them
vher |'m standing at the equator (and the altitude of Polaris is
zero degrees and my latitude is szero degrees), hov far avey mm 1 from
the North Pole? [sa't that the ssme d!staoce | am awsy from the
point directly beneath Polaris? Right, vhea I am ctanding at the
equator, the sltitude of Polaris above Lhe horiton is zero degrees,
my lactitude is sero degrees, ard my distance from the point on earth
ditrctly beneath Polaris is 90 degrees. There's a relationship here
betwveen the measured altitude of Polaris above the horizon and my
distance from the point directly bemeath Polaris, the North Pole.
Forget about latitude for a mimute, vho can tell me what the relatios~
ship is? Right, sy distance from the North Pole, or the spot direct-
ly beneath Polaris is 90 degrees minus the measured altitude of Polaris
above the horizon.

® T™his inductive course was designed to elicit snd react to student
responses. The word, "Right,” 1s used here under the assumption that
at least one student answered the preceding questioa correctly (and
puizled expressions did not sppear om too mesy faces). The entire
sonologue from this point on would have beenm different if the questica
had not been correctly saswered.
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CELESTIAL NAVICALION DEIDUCTIVE UKDARSTANDING COURSE

when I aa standing at the North Pole, Polaris 1s 90 degrees
above the horizon. Thie weans that when Polarie is 90 degrees sbove
the horizon, | am zero diegrees avay frra the spot directly under-
neath Polaris. If 1 eam stending st the Equstor, Polaris {e zero
degrees above the Lqustor, but 1 am 90 degreee svey from the spct
directly denesth Polaris. Remesber, the latitude of the North Pole
i{s 90 degrees north. The latitude of the Lquator is zero degrees.
Any place I may be in the Northarn Hemisphere, [ csn find how meny
degrees I am svay {rom the North Pole by subtrscting my latitude
from 90 degrees. 1f 1 am at the Rorth Pole, [ subtract my latitude,
90 degrees, from 90 degrees and get zero degrees. This mesns that
1 eam zero degrees sway from the spot om earth directly beneath
Polaris. If 1 am st the Equator, 1 cam subtract sy latitude, zero
degrees, from 90 degrees and find that I am 90 degrees awey from the
spot on earth directly benmeath Polaris. 1f my latitude 1s 40 degrees,
1 can subtract that from 90 degrees and find tnst I am 50 degrees
away from the North Pole, tha epot on earth directly beveath Polaris.
BSow resember that latitude is equal to the measured height of Polaris
from tye horiszon, so that to find out bhow far 1 aa sva’ from the
point on esrth directly beneath Polaris, I measure the height of
Polaris above the horizom and subtract that from 90 degrees.

(1)
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CELESTIAL RAVIGAT(ON INDUCTIVE ROTE COURSE

Another navigation problem vhich ve will cover today has to do
vith ({nding the true distance frcm s specific location to the
Geographlical Positlon of a star, vhen you know the altitud- of the
wtar. Suppone that the altitude of Vega, measured from your locs-
tioe, in 77 Jegrces., How far are you from the CP of Vega?

(Write the (olloviny example on the chalkbosrd:)

Altitude of Vega = 77°

90°* 13
P
13° 780 nsutical miles

So you are locate 80 nsutical ziles from the GP of Vera.
Lat’s try another exam 3. Suppose the altitude of Pollux, mseasured
(rom your locatfon, is 84 degrees, 20 minutes. How far are you from

the CP of Pollux?

(Write the folloving on the chalkboard:)

Altitude of Pollux = 84° 20’

90°* 00’
- 84° 20°
Since 1° = 60 minutes we cam write our prodlem like this:
89°® 60’ 3 300
- 84° 20 x 60 + 40
3¢ 40’ 300 340 asutical miles

So you are 340 nsutical miles from the CP of Pollux.

Let's look at one more example. Suppose you messure the altitude
of Altair and find it to be 60 degrees, 14 minutes. Ve can write

our prodblem like this:
90° 00’
- 68° 14°
Sioce there are 60° in a degree, we can write cur problem like
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CELESTIAL RAVIGATICX DeDUCTIVE ROTE COURSE

Another navigation problem which wve will cover today has to do
victh finding the true distance f:om a specific location to the Geo-
graphfcal Position of a star, given the altitude of the star. 7To
find that distance you first subtract the altitude of the star above
the horizon (shich you would ordinarily measure with a sextant) froa
90 degrees, and then counvert the obtained difference into nswetical
afles. Suppose that the sltitude of Vegs, messured from your loca-
tion, is 77 degrees. How far are you from the CP of Vega? [First,
you would subtract 77 degrees from 90 degrees to get 13 degrees.

The next step is to couvert 13 degrees to pautical miles, It just
80 happens that 1 degree equals 60 pautical miles, 80 you would mulei-
ply the mmber of degroes by 60. So, 13 x 60 @ 780 nsutical miles.
It 1s 780 nsutical miles from the spot vhere you seasured the siti-
tude of Vega to the CP of VYega (vhich is the point directly beneath
Vega). Let's try another example. Suppose you measure the altitude
of Altair and find it to be 60 degrees, 14 minutes. Let's look at
hov we do that. We can write our problem liks this:
90° 00’

- 68° 14’

Since there are 60 minutes {n a degree, we can borrov a degree
from 90 degrees and coavert it to 60 minutes. MNow our probles looks

11ka this: 89° 60’
- 68° 14'

21° A6’

and ve can proceed vwith our subtraction to obtain 21 degrees,
46 ninutes. Since 1 degree equals 60 nautical miles and ) aioute
equals 1 nsutical mile, to comvert 21 degrees, 46 mimutes to nauti-
cal miles, ve simply multiply the mumber of degrees by 60 and then
add to thut the aumber of misutes. 22 x 60 = 1260 and to that we
add 46 to obtain 1306 nsutical miles, wvhich {s the distance from
our location to the CP of Altair. You subtract the altitude of the
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vhether learning might be enhsnced by smploying imstructionnl methods which differ a
design and use as o function of learner characteristice. Based om iafereace drowa
from studfes in this series and other research literature, a model ves developed en-
abling the simulteneous examinstion of the effects of learner charscteristics, types
of learning, instructional methods, and subject mat-er varisbles omn achievement.

Rach of six experimental courses vae administered to between—57-end-40 Revy enlisted
®ea vho were previocusly tested with fnstruments which ylelded s totsl of Iy msasures
of sptitude, interest, and Qct-a‘auty charscteristics. Correlation aad regression
anslyses revealed no comsistent ond mesningful Latersctive reletiocuships emisting de-
tween learmer characteristics and types of learnisg or types of subject mstter . These
snslyses did, hovever, reveal an apvarently comsistent and meaaningful imtersctiln be-
tveen lecrmer anxiety level asnd method of fnstruction (inductive vs deductive), le
the magnitude of the observed relationship was mot sufficieat to give promise of Lame-
diate practical application, it was concluded that the resssrch supported the exist-
ence of individual dtfferences {n lesrning style.
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