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ABSmCT 

Thl« «tudy v«« th« fourth In a acrlca of resaarch projacta 

•iaa4 at datarai^loc vhathar laamlzm alfht ba •nhanead by employ 

lot iMtnctlonal aatboda which dlffarad la daalgn and uaa aa a 

fttactlo« of laanMr charactarlatfca.    »aaad on lafaraneaa dram fro« 

•ndla» la thia aarlaa «od othar raaaarch lltaratora, a aodai vaa 

davalopad enabling tba aiaaltanaova marl nation of th« affaeta of 

taaraar charactariatiea» typa« of laaraln«, Inatractloaal 

aed sob^ect aattar variablaa ea acblaraaMic. 

Sack of at* axHrlaaatal etwraaa «aa adatalatarad to bai 

S7 and M »avy aallacad mm who wara prartecaly taatad «1th Inatn- 

—ra «hlc& jialdad a total of 39 aaaawraa of apcACuda, lataraat, 

sad faraaaallty cbaractariatle^. 

Oarralarloa aad rtfraaslon aaalyaaa ravaalad no eoaaiacaat 

and aaaalndfol lateractlr« ralatljoahlpa «latlng batwaaa laaraar 

charactariatiea «od typaa of laawlag or typ«« of aubjact aattar. 

Thaaa aaalysaa did, bomvar, ravaal aa apparantly eoaelataac aad 

■iMltfifT lataraetloa bataaaa laaiaar analaty laval. aad aatbad of 

iaatxaetloa (iadaetiv« va. dadaetiva).   Whila tha aagaltuda af tha 

^ o>aania< ralatlaaahlp «aa aat aaffIclaa« ta fir« ftoalaa of taanitata 

pyaatlcal applieatlaa, it «aa coaeladad that tba raaaarch aiifportad 

C.     thd frttt—** of indlTlda»! dlffarvaeaa la laaralat atyla» 

tada for forthar rooaarch baaad aa thaaratt« 

•«1 XaMdlatiaaa lanralviaf 
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rouifotD 

This report dctcrlb«* th« rciulta of a project mtitlcd, "^ralnio« t^tipmant 
aad Individual Dlfftraocat."    Tha purpoaa of tha project, which la part of 
a HUMII factor« Laboratory lon«-ranca progriB of ippilad rataarch oa laam« 
lot, ratantlon and tranafar bains conducted on both an in-house and contrac- 
tual baala, waa to datenain« «üether eoploylm trslsls« ayatcaa which differ 
In deaijtn and uae aa a function of dlffareocea la trainee cbaracteriatlca 
roaulta le Incraaaed tralnln« efficiency. 

Three earlier phaeea of thla project «er« reported In the follovlot Technical 
Reporte by C. Kaaten Tallnad«e aad Jaaea W. Shearer: 

RAVniAOXVCn 66-C-0O*3-l, March 1967  (AD 650850) 
RAVTIAOKVCn 67-C-01U-1, Nay 1968 (AD 6718*2) 
JUVTHADtVO» 67-C-01U-2, Auguet  196S  (AD 67*428) 

Coplea of theae reporta can be purchaaed frna either the Defenae OocnBoatatlon 
Center or the Claarlnt Uouae for Federal Scientific and Tachnlcal Xaforaatlon, 
ualng th« AD nimber eppaerln« at th« and of tha reference. 

8. MZCHELZ, Ph.D. 
faetora Laboratory 
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SCCTIOM I 

IMRODOCTXOM 

lodlvlduallzadon of  Instruction  If conaldered by many to be 

Che mjor thrusc  of edacatlonal Innovation today.     In Its broadest 

and aoat coaplate application, auch inatniccion would enable each 

atudent (a)  to pursue thoa« cducatlooal goals aost coapatibl* with 

his unlqja comblnjitlon of aptitude, interest, and personality char- 

acteristics,  (b) to proceed through Instructional sequences leading 

to thcae educational goals at his own pace, and (c)  to work with 

Instructional aaterials which natch, in tens of techniques and 

Mdia, his particular learning style. 

No existing instructional systca had incorporated all three ol 

theae features with unqualified success — largely beeauae the state- 

of-the-art has not kept pace with the idaaa and ideals of Individu- 

alited instruction.    Progress has been aade, however, end new ave- 

nues have been opened up which enable students to develop their 

»"*♦ individual talents in settings designed to bring everyone to his 

own highest level of achieveaent. 

There ere neny differences, of course, between training and 

education.    Perhaps aost significant is the difference between the 

strong Job orientation of aost training program« and the student 

related objectives frequently reflected by aodern educational prac- 

tice.    Clearly, training aust Ignore that featur« of instructional 

indlvidualltation concerned with the selection of topics to be 

stodied. 

Individual isat Ion through pacing is certainly feasible in aany 

training situations.    Still, except where nanpower resources are 

Halted or where the objectives are to upgrade certain eleaents in 

the labor narket,  tba ala of training prograa design is generally 

to achieve a apecif led aet of objectivee in nlniaua tiaa and at aini- 

aua coat.   Ttaus,  if differentially paced trsialag is offered, it 

• % 
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NAVTRADEVCDI 68-C-0271  l 

must  be di-nonstrnbly  •upcrlor  to «tandard  Iratructlon on »am* real- 

istic cont-rf K-ct Iveni'im criterion. 

The  thlri approach to  individualizing   inatmrtlon,   naaely  that 

of   .aployluK   trjlninn  «yntea« which differ  in dealgn and use aa a 

function of  known difference*   in characterise lea o»   Che trainees, 

could be employed  as well   In allitary and Industrial  settings as In 

standard school classrooas.    Relationships oetween learner charac- 

teristics and the  techniques and aedls of   Insr.nictlon,  bowrv»-,  have 

not as yet been clearly established.    The study reported here repre- 

sents an stteapt  to advance the current state-of-the-art with respect 

to understanding  auch relationships by eaplnylr^ a «ore systematic 

Investigation of apparently relevant variables than has b»tn con- 

ducted heretofore. 

A.      History of the Project 

The research reported here represents the aoat recent of a 

series of expcrlaental studies conducted by the Aaerlcaa Institutes 

for Research and aponaored by the Naval Training Device Center.    The 

purpobe of all of  these studies has l.een to Investigate the feasi- 

bility of enhancing  training effectiveness by eaploying training 

aystea* which differ in design and use as a function of known char- 

acteristics of learners.    The first study of the seriea (Tallaadgc 

k Shearer, 1967)  contrasted two exp^riawntal versions of a 1 week 

course in Maneuvcriog Board with the standard version of Che course 

In the Radaraan Class A School at Treasure Island, California.    It 

produced no significant interactions between instructional aethod 

and learner characteristic variables, although aoae indirect evi- 

dence waa produced which led Tallaadge (196«) to speculate that the 

nature of the material to be learned was critical and needed Co be 

examined as a separate,  independent experimental variable. 

This hypothesis wss Che basis for the second study (Tsllmsdge, 

Shearer, 4 Crcenberg, 1968) which waa dasigned Co rromina higher 

C 
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' » 

order Interaction* «aong  lexmcf charjcterlatlca.   lascructlonAl 

method», and "aubject aatcers."    Inductive and deductive experloentel 

course« ««ere developed  for a  loglco-m«them»tlc«l subject matter 

(Tranaportatloo Technique)  and a vieual fora df «crialnar.Ion topic 

(Aircraft Recognition).     For both courses Interactions occurred be- 

tveen noncognltlve learner characteristics and aethods of   Inatruc- 

tloa.    It «aa found, however,  that the direction of the ralationahlpa 

vhicb existed bctvem learner characteriatica and aethod of Inatruc- 

tloo for tha Transportation Technique courses were rercraer for the 

Aircraft Recognition courses.     In other vords, those .7a who did «ell 

la tlie Inductive version of tha Tranaportatloo Technique coura« had 

the aaaa characteriatica MM Sa «ho did well in the deductive versloo 

of tha Aircraft Recognition course.    Si*llarly, 5a «ho perf armed 

«all under tha Inductive version of the Aircraft leeognitloo coarse 

had tha aasm characteriatica aa thoaa «ho performed «ell under tha 

deductive version of tha Tranap.irtat.lon Technique course.    Tha rala- 

tionahlpa found In thla reaearch were not only statisticallj slgnl- 

•* fleant but appeared (then)  to be of sufficient Magnitude to have 

practical utility. 

Tha two subject natters differed In a number of «ay«, and It 

aaamad important to speculate aa to which of tha difference* «ma 

responsible for reversing tha observed relatlonahlpa between learn- 

er characterictlcs and inatructlonal methods.    Tha czpexImentera 

flrat faypotheaixad that tha meanlngfulneaa of tha subject matter waa 

tha critical variable and pointed out that tha Transportation Tech- 

nique topic «aa governed by "rule*** «hieb aaka aaaaa Intuitively and 

have that aama kind of truth aa equations la physics.    Ihm "rules" 

governing Aircraft Recognition, on tha other hand, «era deacrlhed 

aa arbitrary.    They could only be learned by rota ard did not 

since they possessed no Inherent logic, or truth. 

t *>■•<—-•« «•■■■"■■'•■"•-■ " ""    ' '      --••>— ■* — ---t!mi 
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Uttr,   h.yvwvt,  •« p«rt of  aa attaBpt to build a nod«1   raLatlc« 

trp«s «>(   tubtvct  Matter,   typ«« of   U«ru,\a»,  «nd typ«« of  tt«chtaf 

to •(:hi»vri»»..t   illf fcrmcca,  T*llm*<l|« and Shaarar  (19U)  ootad aod 

d»»cribrd Now  tyym of   subjact »attar and tyv of   laamlaf Kad b««a 

cooioumlrd   In th«  TallMd«a at  al.   (1964)  atudy.     For  tha "mtaaiaf 

fut  rvlua"  aubjact  aattar  (Traoaportatloa T»chnlque),   th«  ioductlva 

couma had  tauaht  coocapta aod priaclpla« In addition to problaa 

aolvln« procadur««.    Tha doductlv« coura«, oa th« other hand,  waa 

lialtad to covar««« of  th« problaa aulvlnc proe«duraa.    Th-ja It ««a 

not poaalblQ to dctaratna vhathar tha obaarrad  Intaractloa for th* 

Traaaportatlon Tachnlqua topic waa batw««a laanxr characterlaclcs 

anJ laatnictlonai Mthoda or b«t«««a laamar characcerlatlcs «ad 

typaa of  laarnln«.    This utuuumarad qttaatloa,  plu« othara ralaad by 

at»dy reaulta proaantad la th« lltaratur«, foraad th« baala for th« 

raaaarch raportod har«.    A aora apaclflc problaa acatanaaz la pt«- 

««ntad lat«r la thla raport. 

I.      Statua of Laaralag Styla P>«««Brch 

Pravlou» raporta la tnla aarlcs banr« attaaptad to pras«at r««- 

•oaably coaplct« lltaratur« ravl«w«.   Two raccnt r«porC8t ho«r«T«rt 

(Cronbach 4 Stow,   1969; Bracht, 1969) hav« r«vl«w«d, crltlquad, aad 

awaaarltad publl^had atudlaa la a aaaoar far beyond th« «cop« of thla 

report.    It aaa ceaaldarad, th«r«for«, aor« approprlat« to auaaarlza 

th« conclualooa of thaa« author«, aaklat oceaaloaal r«f«r«ee« to 

particularly critical atudlaa, rather thaa attaaptiat to duplicate 

thalr tfforta. 

It waa raadlly apparaat froa «VM a coraory review of tLe two 

rapori > cltsd above that theae authors hav« adopted a aore eaatloaa 

attltuda toward the exlateace of aaaalagfal lateractloaa beteaea 

laamar characteristic aad laacructlooal aathod variables thaa «as 

prevalaat only a year ago.    Iracht's literature review ouaaerix«« 

aoae 90 atudle» of which ealp S produced lateractloaa which net hla 
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(trlnftnt AOA rather umwual crltarl« for atsalacfula*««.    Accord- 

tof to Bracht,   aa wll aa  to »atrr othar  Imrtatl^atora,  aa  latar- 

acttoo la order  to ba ■•aalcsful suat ba dlaordlnal —- vmrntsSza  t^c 

tha rntreaaloa lloca for dlffaraac traataant groupa «uat croaa irtth' 

In tha ran»« of  aaparlrncad pradlctor tcoraa.     (Bracht  talk* a>out 

"traataaot  llntta" aa oppooad to regraaaloa Ho««.    A traatamt   11a« 

im alaply a Una cooaactlns tha plot tad aaaa achlcrcmvt acoraa 

attalnad try hoaogaaaoualy group««! Icamara under tha varlotta traat- 

■•■t cotkdltloaa.)    Brache clalna that DOC only auat th* crcacaanc 

llaaa croaa but  that th« achlavtsanc acoraa attained by »ach grrop 

of  Icamara auat differ algalfleantly fro« tre«ca«nt  to trcata*nt. 

In othar vortia,   for a atudy iovoWlnf tha aax of the learner and 

Inatroctlonal Method, on« aatbod nnac b« algnlflenntly eup«rlor for 

■alaa and the other Method atgnlfIcaaely auperlor for f'salea. 

Bracht*a poaltlon with rcapect to th« latter crlccrloo la beyood 

rnfutatloa when th« learner charactarlitic variable la a true dlchot- 

c«y euch aa aax.    Whan th« learner characteristic of Intcrant la a 

coatlnuun,  auch aa a general or apeclflc aptitude,  conaldaratlon of 

th« range of talent  Included in tiie cxperlnent«! groupa la clearly 

rniavant.    NonalgnIfleant dlffercncea obtained with a restricted 

range of talent could very well be both statistically and pr^ctl- 

cslly algnlf leant for a popelstlon obodylng a vldar rant« of talent. 

Also» wh«r« contlnuoasly vsrlsbls learner characterlet tea ar« 

being Itnreatlgated,  th« naanar  la «hleh 5s ar« sorted into high and 

low groupa baco—« quit« critical.    If th« «edian predictor scors 

for th« «ntin cxp«£iaaantnl ssnpJi« is «s«d aa a cutoff point, r' 

prehsbllity of  finding a algnlfIcuic; difference bettfeen naan actucv«- 

n«at acorea la lowered by an a—mnr proportional to tha differcne« 

batuaan this group asdiaa and th« point on th« continu— of predictor 

scores «h«r« th« tuo retrassion (or trsatneat) linns cross.    This 

general conaldaratlon haa >««n «llndcd to by Cronbach and Snou (1969) 
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t.ul   In n «lirt.-r«-nt   runlrct.     V**y  htrtm ■trvnnvU   tlw»   Uportam»  of 

rrpur* in^ almoiuli'  nt-iro« u««d  to aort .''•   Into IIIRII nnU   luw criAipa 

(whrti.^r or  mit   til««« ■< or«a w«r« xroup Bvdiaaa)   In order that  <.om- 

p^rtaon« (ould  hr ma4« between dtffcrvnt studlca ««ployln«  th« »mm» 

predictor variables. 

A aecond arKuaaot a««lnat  acceptlog Bracht'a criteria for mmmo- 

intful Intaracclona appllaa with »qua« validity Co m*trf oCb«r author« 

and concarna th« auppoaad nacvaalty for r««r«««loa (cr tr«at»<nt) 

lioca to ctoaa wlthla th« np«rlcnc«4 rani« of acorta.    Th« objec- 

tion har« la that It la aoldoa poaalbla to d«*«lop two inatructlooal 

traatacnta IttvoWlm nontrivlal la«nln( which differ only  In ttrmn 

of th« on« noatinal «Kp«rl»«nt«l varlabl«. 

Aa Boat pr«ctltlon«r« of profraaaod Inatructlon will raadlly 

varify, th« taachlng aff«€tlv«n«8« of «ay Inatmctlonal material can 

b« greatly enhanced through • ayatc^atic proceaa of enpirical  tryout 

and revialon.    Rarely, however, «r« «ateriala developed for reaaareh 

on poaalbla xnt«ractlv« raletlonahlp« b«Cw«en learner charaetarla- 

tic« and Inatructlooal variable« aubalttad to auch rigorou« rafln«- 

it.    It la quit« poaalbla. then, that «here rcgreaaion or treat- 

it Una« do not croa«,  it la enrooeou« to conclude that on« typ« 

of traatnent la superior for «11 5«.    It «ay aiaply be that on« par» 

tlcular Inatructlooal traataeet employed la th« study waa a poor 

uaaapl« of th« typ« of craatMBt It waa daslgnad to repreaeot.    Thle 

point 1« covered again in th« Dlacna«loo aectloo of thia report. 

Thar« la no intention h«r« to discus« in gmat detail aatbedo- 

logical problaaa aaaociated with resssrch in th« sre* <?• learcrr 

chsrscterlstic by instructional treatnent intcmetlona.    In discus*» 

ing th« fairly negativ« cooelosiona r«achad by Cronbach and Snow 

(1969) and Bracht (1969), it is iaporte«*, howavar, to point out that 

they nay have r«ject«d aa MMmloglea« eoaa result« which could b« 

. i     ■ 
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lnt«rpr«CK? dlfftrtntly by aaployicf dlfftrrat, but •qoaily rti 

•bla,   ••t» of ■■•«aptlona. 

ta suiaarlilD« his rrvlrv of eh« lltcraturt. Bracht rc«ch*d 

but  f*« conclusion»,  *nd won *.h«a« hm quallfltd carefully (aa ha 

ahould hava dow« «(tar  finding but  5 aaanlngful  Interact Ion« la th# 

90 atudlaa ha cavlcwcd).    Thaaa tantatlv« coociualooa,  Dcvcrthalaa«, 

•r* worth rapcatlng here» at laaat for p'jrpoaaa of co»p«risoo with 

thc>« of other lovootliatota.    H« fait that tljht control ovar th« 

traatiMnt varlablaa «as aa alaost nacassary, but not staffIclaot, 

coodltlon for obtslnlog laamar charactarlstlc by traatwrat Intar- 

•ctlona.    Whllo atudlaa oalwi tabcratory typ« Uarnlof taaka aay b« 

so—ufaat •carll«, aora stadias «aploylac auch learning tasks hav« 

produced significant int«ractlona than atudlaa aaployiag laaralag 

taaka aora typical of th« claaarooa.    Uhathar thia diffcraac« ia 

attrlbutabl« to tha purity of th« laboratory Itamlng task,, or to 

tha «xtant of control th« «xp«riMPt«r haa ov«r tha traataent. or 

T^ both, caanot b« dataraiuad at thia tia«.    Cartainly, havmrr, it ottm 

«•r« attaaptlng to d««iga a study to imrastigat« th« posalbla «aia- 

tcac« of laamar charactarlatic by treataaot interactiona, h« would 

b« wall advisad to ua« a hoMoganaous learning taak and ce ■alatain 

tight control ovar th« traataaat adainlatratioa. 

In apaculating about thoaa laamar charactoriatica «rat xlkaly 

Co intaracc with inatmctieaal traataant coaditioaa. Bracht waa «or« 

optiaiatic than Croabach and Snow regarding th« int«ractiwa potential 

of peraonallty characterlstica.    With reapact to ability variablea 

tha two reviewa alao differed.    Bracht felt that factorial!y alapla 

wariahlea were aora likely than factorially coaplex variables Co 

interact with inatnetioaal traataenta.    Croabach aad Snow held th« 

oppoeite view. 

TW» of the five aaaaiagful interactions reported by Bracht 

involved personality charactarietics.    Theae characterletica were 

MM 
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Nt»d  (or AffllUttoo  talst«k«alr called R*«4 for Achlevaaant by 

Bracht on pp.  140,  149 of hi« report),  and lntroT*rtlon>«xtrov«ralaa. 

Th«a« findtiut« led Bracht  to autgeae that  th« ptraonality doaala 

waa dcaanrln« of  further lavtatlgatloa.    Cronbach and %nmt (1969) 

war«  Icaa mthualaatlc a!thount> Cronbach'a  (1966)  aarllar poaltlon 

waa chat "tha Inttractlnf varlablaa r*7 hava aora to do with par- 

aonallty than with ability (p.  90].n    la thair 1969 raporc,  thaaa 

authora decried learolnf atyla atudlaa Involving partocallty varl- 

ablaa dracrlblni thaa a« "dlaappolntlog aad uaaacouraglns (p.  173)." 

At tha aaaa tlsa, howawar, thay daacrlbad a auabar of atudlaa re- 

porting aiRnlflcant paraonallty characcarlatlc interactiona.    la 

fact, on p. 139 of thalr report, they Indicated that tt.ay had found 

rcpaatad hlnta In the literature of en interaction between anxiety 

and loatructlooal trcatsant wariablaa.    Thla concluaion waa conala- 

tent with the flndlnca of the Tullmadge et al. (19M) efudy. 

Although neither Cronbach and Snow nor Bt«:ht offered any gea- 

erallzatlona about a«> difference«,  thla factor haa ahovn up In a 

aafCiclent nunber of ctudlee reporting algnlflcant Interactiona to 

be worthy of nentlon here.    While the following Hat la not intended 

to be exhauatlve, Interactiona between tha oex of tha leaner and 

iaatructional variables war« reported by Armstrong (1969), Farley 

and Kanaka (1969), Fmay (1969), lOauanalar and Quilling (196«), 

and Tanner (1968).    In addition, tha Tallnadg« et al.  (1964) study 

apparently found an interaction lowolvlng th« naaculinity-fenlninity 

pereonality diaanaion. 

Oeaplt« tha exiatence of SOM apparent conaiataney in the re- 

irch literature, an overview would certainly uncover «ore negative 

than positive findings and «ore inconaiatancle« than consiatencies. 

If different learnia« styles axlat, thay or« Indeed alualv« — a 

coaclMsion aaply desooatrated by tha reaaorch of Inadtriw (1M9). 

After revising an Inatructlonal treatment to alnpllfy it and redvc« 

the tine consuned by its adnlniatration, be'found that aptitnd«- 

• 
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tr«at»«nt lottractlooa ottaload with tha orlgloal Inatmctloo vara 

tawraad for tha rrvlsad v^ralon.    A atudy by Burton and Coldback 

(1962)  offvrn furthar rvldanca aupportlng tha wnplcaaant poaalllllty 

ttuit raducln«  tha difficulty of  tha laaming  taak nay rrvaraa a^tltuda- 

traataant ralatlonnhl^n. 

C.      Stat»»ant of tha frobla« 

Kany unanawtrad quaatlona ralaraat to tha laamlnK atyla laau« 

«xiatad at tha tlna tha praaant projact «aa inltlatad. It vaa fait, 

hovavar, that tha aoac racantly coa^latad atudy of thla acrlaa 

\  (Tallaadga at al.( 1968) had aatabllahad aoaa ■a«aiQ|ful rclatloo- 

ahlpa which would stand up undar rapllcatlon and which :^jld hava 

practical algnlfIcaoca for lUwy tralalac prograaa avan bafora tha 

raaalnlng quaationa war« ancwarad. For thla raaaon, tha praacnt 

atndy waa uadartakca largaly aa as azparlaaatal daaonatratlon pro- 

jact adding Juat a fa« iaaewationa to tha pravloualy aaployad nodal 

to aaak aaawara to apaelflc qnaatlona ralaad by tha aarllar rcaaarch. 

Tha prlaary raaaarch eoncara of tha praaant study waa raaolvlng 

tha quaatlon of whachar typa of taachlng (Inditctlva va. daductlva) 

or typa of laamlng (undaratanding wa. rot«)* waa raaponaible for 

tha obaarvad intaractlon affacta. A aacond raaaarch concarn waa par- 

tial warificatloa of tha hypothaaia that tha "aaanlnaful rulaa — 

arbitrary rulaa" dlehotoay «aa raaponalbla for tha obaarrad rararaal 

of laamar charactariatic by instructional nathod iataractlooa which 

eccurrad aa a function of training topic diffarancaa. Finally, it 

«aa hopad that tha study would both warify Infaraocaa aada about rala- 

want laamar charactariatic wariablaa and aharpaa thalr naaaarcnant. 

* Typa of laamiag, aa that phraaa la «aad here, la certalaly not 
indapaaAnnt of typa of taachlng (aaa Tallaadga and Shaaror, 1968, 
for a datAllad discussion of thla paint). Thla iabal waa cboaaa, 
daaplta ita potantial for coofuaion, bacauaa othar altcrnativas 
appaarad to ba «till aora confualng. 
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Kmlfim  ttom  th««« research connlderation« and the «xp«rla*ncal 

modal change« nrccasltatcd by their Ispimtntatlon, the atudy d-algn 

waa highly aiallar to that of tha Tallaadca at al. (1968) atudy 

although It Involved dlffarant training topica. (Notat A aoaawhat 

briefer auaaary of thla raaaarch vaa publlahad by Tallaadga and 

Shaarar in 1969). Tha naxc aactloo of thla report provldea apeclfic 

detalla on tha experiaental dealgn. 
a 
/ 
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This «tudy tf4n die fourth of a aeries of research project* 

alaed at deteminlnit whether  learning alftht  he enhance«! by etaployln« 

Instructional aethoda which differed  In dealgn aini oar ae a function 

of  learner characleriatlca.    1C w«a • logical outgrowth of thene 

■tiulie* but reflected the findlnga of other published research aa 

wall. 

The basic experimental design aodsl shown in Figure  1 was first 

described by Tallnadge and Shearer in 1968.    As shown in figure 1, 

the dcalgn vacmits  Independent examination of two different subject 

■attera,  two different types of learning, and two different types of 

teaching, as well a« interactions «aong these vsrisblcs.    A fourth 

dimension,  learner characteristics,  is not shown on the nodei but 

is, of course,  an eaaentlal  ingredient of any research of  thia type. 

3 SUBJECT MATTERS 

Maanlrgful 
Rules 

Arbitrary 
Rules 

TWES 

or 

Understanding 

1    Expository/ 
Deductive III 2    Inductive/ 
Discovery 

"Itots" 

3    Expository/ 
boductlve 

S    Eipooitory/ 
Doductlve 

4    Inductive/ 
Discovery 

*    Inductive/ 
Discovery 

• 

rigor« 1.    Model showing roUtlonships among instructional 
mettods, subject mattere, and types of learning. 

II 
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Bccaua« ihcr« can b« no such thin» «• "untUrstfcndln^ Itarnlot" 

of "arbitrary mica" subject natttr,  th« FlRur« 1 nodal doaa DO: 

rc^rsacnt a coaplata factorial dealgn.    It may» hov»vcr, be rc^ardad 

aa two ovcrlappin« cowplota factorial dealgn«.    For the "eaaningful 

mlea" aubject matter,  typea of  learning and type« of  teaching coo- 

atltute one 2x2 complete factorial dealgn.    within th« "rota" typ« 

of  learning, aubject aattcra and typ«« of teaching coaatltute « 

alsilar dealgn. 

If on« or «ore of the three independent  tre«t«ent varlablea 

proved not to affect relationahlpa between learner characteriati'*« 

and achieveaeaC,  treatment group« could b« cumbtned in appropriate 

way» Co provid« larger aaaple ail«« and thua,  aor« aenaitlve teat« 

of  interactive relatlcoahlpa batweeu learner characterlatica and 

Inatructional tre«Ca«ac condition«. 

A.      S«l«ction of Individual Dift«r«nc« M«««ur«« 

Th«r« war« two primary baaaa for UM a«l«ction of individual 

difference a«««ur«« to b« uaed in th« praaent atudy.    Createat 

dependence waa placed on th« finding« of earlier atudies in this 

aeries, but aeaaurc« which ahowad promia« in otb«r publiabed la«m- 

inf «tyl« reaearch «tudiaa wer« alao given careful consideration. 

For th« moat part, emphaaia waa placed on th« «election of no»- 

cognitive individual different:« mcaaure« «a pr«vloua a tudiaa in this 

aariea (Tallmadga t Shearer, 1967; Tallaadg« at al.( 1968) atrongly 

suggcatcd that learning atylea «r« lnd«p«adanc of «lth«r general or 

«pacific aptitude and ability trait«.   Within th« noacognittv« 

domain, th« Tallmadga «t al. atudy pointed to th« followlo* dlmea- 

aions «a particularly relevant:    (1) maaculinity~femininity (• term 

traditionally, but perhapa aialcadlngly, us«d by psychologist« to 

dsscrib« pattern« of intereuta ranging fro« aci«ntific>technological 

to soclal-a««th«tlc), (2) introvorsioo-sxtrovarslon, «ad (3) aniaty 

laval.    No diroct meaauraa of th««« psychological diaansiona war« 

12 
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»»ployed  In tht cited study.    Th*y vtr«  Inferred fro« ch« patttrn« 

of  Individual  intcrcat and paraonallty acalta which app«ar«d  In 

rt|r«salon cquaclona Rencrated through uta of  th« UCLA BHIV-02J1 

Sttpwla« Regrcatlon cooputer prograa.    It vaa decided that all acalca 

which appeared  in thoae regrcaalon equations vould be employed again 

In Ch« atudy described her«, and that nor« direct aeasure« of   th« 
4 

inferred dlacneiona would also b« used. 1 
I 

Bsead on these consIdsrstIons,  carry-over tests fro« Ch« earlier i 

study wer« Ch« Kuder Vocstlonal Preference Record and Ch« Cordon 

Personal Profile.    Since scores on Ch« Nsvy Basic Baccary tests 

(General ClaaslfIcatlon,  Arithmetic, Kechanlcal, and Clarical) w«r« -i 
u 

readily availnble troa existing Nary records, these Mtssuras w«r« 

also includ«d.    Th« search for tests to accsur« th« nasculinlCy- I 

femininity personality dimension produced on« or two inscniments 

specifically designed for Chin purpose.    Clos« «umination of them, 

however,  revealed that  Ch«y war« both leegchy and dated.    They did 

■*» not appear appropriate for administration Co a group of Ravy enlisted 

men in 1969.    It was concluded, however,  that several readily avail- 

abl« personalICy tests produced scores sc lease highly correlated 

wich Ch« maacullnicy-feainlnlCy dimension. 

Similar considaracion« applied Co test« of anxiety, and again, 

it seemed nor« appropriac« Co select a wlda-raag« personsiicy test 

rather than one of Che highly specific r.escs of snxlsty currently 

available.    Büros' Si«ch MenCal Maaaureaanca Yearbook (1965) was 

used co Identify available Inatruaccta which yielded acorea appro- 

priate for the purposes of thia study as «ell aa Co provide some 

preliminary evaluative data.    Candidate Inatruments were subsequently 

, reviewed by project personnel and the Sixteen Personality Factor 

Questionnaire wee selected aa the inatnient most likely to provide 

uaefol scores relevant to masculinicy-feminlnicy and anxiety, as 

well aa other potentially useful scores.    After following a similar 

13 
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■tlcctton proccas,  ch« Cytcnck Peroonallty Inventory va* «elected ( 

aa providing what appeared to be the aoat appropriate »caaurc of 

lntroverslon-e/.tro* eralon (or the purpoacc of  thla »tudy. 

The Set Toward Education acala (Capretta, Jone», Siegel, 4 

Siegel,  1963), a forced choice teat ecored on a continuua charac- 

teriaed on the one hand by predlapoaitlon to learn iaolated fact« 

and on the other,  by a predlapoaitlon to learn principle« and con- 

cept«, waa also Included in the battery.    Uhi'e reaearch uaing thl« 

iMtruaent had not «hown it to interact algnit  cantl/ with  inatruc- 

tlonal treatacnt conditiona,  it appeared particularly likely to 

detect Interaction« between learner characteriatica and Ch« under- 

standing vs. rote learning dlaanaion of the preeent study. 

Two other testa selected froa the Kit of Reference Tests for 

Cognitive Factors (French, Ekatroa, I Price, 1963) «ere included in 

the battery.    While there was «one evidence in the literature that 

the selected Hidden Figures and Gestalt Cootpletlon test« showed 

proailse for learning style research, they were Includr.d in the /*) 

battery aa auch for the purpose of breaking the amnoto r  >t the 

lengthy intereat and personality tests as for any other purposs. 

Finally, a apecially prepared Biographical Inventory was includ- 

ed in tha battery since a study by Snow, Tiffin, and Selbert (1965) 

provided «ome indication that certain biographical, or personal 

history, data are predictive of leaning styles.* 

* Biographical InstntsMnts of the type used in this study do not 
yield total scores and auat be analysed in tcrma of patterns of 
reaponaa to Individual itcaa.    This type of analysis waa considered 
to be beyond the scope of the present study.    At tha tiae the study 
was undertaken, however, it sssatd probable that a working «grceaent 
could ba arranged with the Psychology Deparoaent of Stanford Univer- 
sity whereby a graduate student could conduct tha required analyses 
st no coat to tha project.    Delays were encountered, but tha project 
is now in progress.    Should It produce significant rseulcs. they 
will conntitute the basis for a suppleaantary report. 
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Th« final battery ol:   Individual difference »casurea,  Chen, 

couisted of  the following  inatniaents: 

o    Kuder Vocational Preference Record (Font BB) 

o    Cordon Peroonal Profile 

o    F.ysetick Peraonality Inventory (Fona A) 

o    Sixteen Peraonality Pactor Queatlonraire (Fora B) 

o    Sat Toward Education Scale 

o    Ceatilt CoBplctioo Teat 

o    Hidden FIK <rea Teat 

n    Biographical Inventory 

B.      Salaction of Training Top<ca 

Savaral criteria wer« eatablia^ed for «election of the two 

couraen to be developed and taught experiaentally.    Pirat, becauae 

•o little waa known about  the conditiona under which learning atylea 

could ba obae«-ved,  there were obvioua reason« for aelecting training 

topica which differed aa little aa possible (conaiatent with other 

objectivea of the research)  fron thoae successfully employed in the 

earlier Tallaadge et al.   (1968)  study.    Hiniaum requirement» were 

that one course ahould cover a "aeanlngful rules" topic and the other 

an "arbitrary rules" topic and that each ahould be a« hoasogencous 

as possible with reapect to typea cf skills and knowledges required 

(e.g., factorlally alaple).    It was also necessary that both subject 

aatters be aaenable to both an inductive or discovery instructional 

approach and an expository-deductlvs approach. 

Another criterion related to the selection of courses wss that 

they ahould be relevant to Navy training programs.    While it was 

not considered essential that the content taught be identical to 

segaaats of existing Navy prograas. It «as felt that sufficient 

siailarity should be provided to penalt th« study finding« to be 

gsneralixed to Navy applications. 
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»ivir «ddltlon«! criteria were untcrated aa a reaulc  cf  practi- 

cal consider JC Ion«:   (1)   th« aalactcd couraaa U*4 to b» aa«aabl« to 

uroup jUaint»tri'ion,   (2)   larga aod/or «3ip«nalv« 9^ulpr9*at  Trrairrr- 

^cnta had  to t>*   iv^ldrd,   (3)  pr«r»<;ulait«  akilla h*d to b« Binl^l 

to avoid rstcuslva pr**tralnlnt| or th« oaoU to «*•« hln-ly •«I*cta4 

nubjfct  popwlatloTM and  (4)  th« topics o*d to b« "nnr"  to th« 'a. 

rinally.   It was coosldertd dtalrabl« for th« rours«« to IOVOITS 

th« us« of «Blstlnt Kavy  trainlnf d«vic«s. 

rrrllmlfury dlacuaalona bald with cotnlzsnt KTDC p«r»ofta«I 

resulted  In the Identification of s nunber of training protraas and 

devlcea which appeared to «eet the re^wlrcamcs d^scrlb«d above sad 

■Itht prow« to be satisfactory vehicles for th« «xperlMntal dnwo- 

■tratlon proftraa.    Subsequent to then« discussions» project peraooaci 

consulted with seversl subject astter sad tralalng experta to della- 

eate »ore ap«clfically th« content sad astarc of th« cxp«rlaentsl 

training courses.    Based on these dlacaasloaa. It aaa coacladed that 

Celcatlsl Kavigatlon sad Aircraft KaeofalCloa would satisfy sll 

criteria relevant to th« selection of aatarlal for experlaiental 

trslnln«. 

Th« first of these topic«. Celestial Rs-vlgatloa, was alaoet 

eat Ire ly ouaericsl ia content with only a very few alaple plotting 

rcqulreaents.    Arlthaetlc akilla (addition, subtractioa, sad aultl- 

pllcstlon) were it« only prerequlsltsa, yet It was not  \lkeiy that 

any of  th« expcrlaental Ts would ham b««a e«posed to It previously. 

Th« second selected topic. Aircraft Racognitloo, had been 

aaployed in th« previous year's study and raruirad only visual dia» 

crlalnation skilla.    Th« specific expariaeatal training task was to 

identify aircraft froa aerial pbotographa.    Laaming of this topic 

laposcd no requireaeats for acquisitioa of prarequisite skills or 

knowledges.    Th« topic also bad tba admtaga that few, if say, «f 

th« experiaeatal :'s would have had prior experience la th« ares. 
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Tb* coatrao of  th« tvo topic* wr« dlstlactly dlffvrmt.    Thov 

ro^wlrrd (accorLally dlsclacc  laaracr «bllUI«»,   y«t  ««cb topic vas 

lattraallf hcNK>it«o««u«,  «od both «or« «t  l««at  partially ralrvaat 

to Havy career  fIclda. 

C.      5«y»lop<^nt of  txparltaontal Cowae» 

Couraoa to b« wood to thla atndy w«r« drvolopod by project 

poraoooal wltb cooaaltlog aaalataara fro« aubjoct ■attar cxparta. 

Slaca th« couraaa covarad fairly baalc topica, • alalani of co«ai»lt- 

la| aid vaa aacaaaary.    Th« covraaa «ara dcalgnad for ootnaal cla**> 

praaancatloo to reflect ataadaH lUry tralnln« practlcaa. 

Although traiolng tlaa rfM|ulraBeota differed aoMwbat «a a 

fwaetlOQ of th« aubjact aattcr balu« taught,  th« two Aircraft tecog- 

•Itloa couraea ware cloaaly •^«•ilsad in tana« of training tlaa aa 

wmtm the four Celestial Havlgatloo ccwraaa.    Slaca awra aatrr^«! waa 

taacbC In th« understanding Celestial Wanrlgatioa court«« than la 

th« rota coursas,  additional practice exarclaea and drill« war« 

lacorporatad into th« rot« couraea to accoaplish th« dealred tlaa 

a^aallMtlob. 

1.      Calaattal Kaelgation 

Foar «zp«riaaat«l Calaatlal HaTigatlon coorae« ««r« 

developed for uaa la th« atody:    Indnctlve-Olaccrary» 

Underatandlng,  Expositcrry-Doductlva-Vaderatandlag,  InductIve- 

Dlaco»ery-«ola, «ad Expoaltory-DeductlTe-Kota.    The courses 

«era daalgnad to teach 5a ho« to sat op «ad aolva aiaple 

•avlgatioa problaa« oaing procadur— adapted apocif ically 

for the atody. 

The foar ap«riaaatal coaraa« coearad th« following 

topicax    (1) comrortlag local tlaa to Cra—wich Maaa Tlaa, 

(2) dataminlng th» locatloa (latituda aad loogitad«) of 

th* Geographical Po«itloo (GF) of • atar,  (3) fiadU« th« 
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dlatar'-e  fro* a  »Mp'a  tm« pcaitloa to th« Geographical 

TuaUton of  a  «tar,   (4)  daccrtlalo« th« altitude dlfltr- 

mem o(  a  «tar,   (V)   plottln« aaiiaJ poaltloas,  baarin« 

lloca of   atara.  and  linaa  of  poaitloo,  and   (6)    )bt«lnlnn 

tma po«ltion  fl»«a.     la addition, J» war« praaaotad with 

a rrwlw of  th« followia«  topica:    cootdtaata plotting, 

latitude and  loonltuda, aogalar aaaawreaeBC, and uae of 

a protractor.    TTt« cootaoo Includad lactur« prvsaatatloa, 

chalkboard praxrntatlcna,   pv-actlct problaa« (hradovta), 

aud revlaw.    uavy tralaln« darlca 113, a "Caleatial 

Mavl^atloo Sphara," waa uaad to help explain » w—l»»' ~* 

laportaat navigational concept« la th« two "oadarvtaodlag'* 

couraea but waa not «aed  la th« rot« cowr^ee. 

BiKauaa of th« coaftialty of th« aubj«ct «aitteT, 

couraa coverage ha«* r.u b« restricted la th« following 

waya In order Co atay wlthla rcaaonabl« Cia« llalta: 

o   Th« uae of th« sun« aoon, and plaa«ta for aari- 

gatlooal purpoaes waa not lacludad.    Coverage 

waa raatrlctcd to atar«. 

o    Th« axlauths of th« Geographical Position« of 

th« obaervod stara — normally read o«tc of th« 

nln« WOLUM H. 0.  214 Publication — w«r« "giv«nM 

to avoid th« ncceaaity of providing all stndentn 

with copies of till« publication, 

o   Ka^lgational prohlaas ««r« restricted to th« 

Rorthcm Ha«lsph«r« and to longitude« betwe«n 

0 and 180* West. 

6    All celestial obeervatlooa were and« exactly on 

th« hovr to avoid difficult interpolation problaan. 

o   Th« «aauaptlo« wn« nad« that ae aossaaat of th« 

navigating veaa«! occurred betwMtt pain of 

ohaarvationn. 
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o    Correcticna »( otecrratloo«! dat« (or chroao—ttr 

trror and  for mtmomfhtlc rtfractloa «Mr« OBltt«4. 

o    Cartala tvrvloolotlctl aLspllflc«tlo«a V»T* mmfi»f*». 

Xhm «l^.Uf l-atlon* —dm la th« aubjccc  Tu*.t«r w«r« polatad 

owe to th« •tudesta at ap^rofriata pUcaa la ihm co«ra«« to 

■Islalaa poMlbla m+mtv traa«f«r «hculU any of  th«a racalvt 

^•nwt ealAatiol aavl^acloa tralnlas. 

I* ord«r Co llliMCrat« mo*m yraclaaly th« •^•clil« Mtvr« 

of th« (owr CaltscUl ltarl«atloa cevrMS» «scarft« (re« chM« 

cours«* «re  prciMmtad  la tb« A^fanlJji to thi« report. 

2.      Alrcra(t Eacotaltloo 

Two «spvrUonctal coorM« «kleb mtm mjlcfud 4arla« th« 

yrvrlou« ph«s« e( th« r««««rch war« «««4 la th« yr««—t «tad? 

with ooly alAor ■odKlcatla««.    Th« co«rM« tav«lv«4 • vla««l 

dUcrialAAtlo« tank,  !.«., rh«t o( i&sMlfyiat «lrcraft fro« 

"} Mtlal photofra^tu».    On« •( th« covr»«« «a« 4««ifaa4 t« h« 

daductiv« «ad th« ether ladoctlr« la erder that th« see 

couraaa veald bm coaaparabla to the two "rota" Calaatlal 

llavl«atloa couraae with reapact to tralalo« aethode aaed. 

The Inetraetlea^k aatarlale need la th« Aircraft Eecefal- 

tloa coureee ware developod la tha (oUewlat aaaaer.    loltl- 

ally, »artel riaoteereyha of a large aaaber «ad varlaty of 

aircraft were ahtalaed»   Micra-yhategtayha were thea takaa 

and aircraft ««re oeleriad for ladualoa la th« two «aperl- 

aeatal coere«« which pravldad for variety la teraa of also» 

coofiguratloa, etc.    Aaether criterion for laclaaloa «aa 

the availability ef a«v«ral dlffereat pbocotraphe of each 

aircraft to eeanr« variety frea the atoadyoiat of eoaa of 

ideatifieatioa. 

If 



MAvnuDrrca ts-c-om-i 

Twu »«tx o(  black *ni whltt »lid«« w«r» nrat pr*> 

pared.    Tli#  llrnt  act cooslttad o( «Uda« o(  portion» 

ol aerial photonrapha design««! to BIMW how aircraft 

*?p««r in serial photofrapha.    Pila aat of alldaa also 

llluatratad ooaa of  tha en—on problaao oncouotara^ hy 

phototntcrpratara which raadar aircraft idaatificatioa 

difficult.    Includod waro n—plaa which ahowa4 poor 

coatraat batwaa« aircraft and hackeround, dlatortioa, 

and partial ohacurin* of aircraft hy clovda, hangar 

roofa, and caaowflasa.    Tha aaceod aat of alidaa includad 

top vlaw ailhouattaa of all aircraft to ha taught In the 

•aparinental couraaa.    Thla lattar group of alidaa waa 

oalactad froa tha Aircraft lacognltioa Sllda Kit (Xawy 

trainin« davica 5Q0*).    Nodif Icatlona warn aada to thaaa 

alidaa to allainata all aaeapt top wiown. 

Tha daductiva cowraa alao nada waa of a fa« additional 

alidaa aapacially aalactad to Uluatrata «pacific wing, 

fuaalag«, and tail ahapaa aa wall aa othar apacial charac- 

tariatica. 

a.    Tha Dadaetlwa Cowraa 

Tha dadoctiwa Aircraft tacegaltion «ouraa inclndad 

iaatruction on a ayataai daaignad to halp 5B idaatifp air- 

craft.   Tha ayata» aada oaa of aa arbitrarj aac of «pacific 

racogaitioa faaturaa ralatad to wlaga» horlseatal tail 

aurfacaa, foaalagaa* and angiaaa.   Oaa additional featura 

conaiatad of what waa tamed uniqua characteriatica. 

Sixtaaa aircraft warn taught naiag tha ayataa 

of recognition faaturaa.   A alida ahowiag a top via« 

ailhouatta of each aircraft waa praaaatad along with 

aoaa general Internat laforaation and a detailed daacrip- 

tioa of tha aircraft: in taiaa of «pacific racogaitioa 
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f   ) (catuttt.    Afttr K aircraft had b««n pitaantad Individually, 

•lid«« of tha 4 aircraft v«r« uaad for raviav.    Thia in 

turn waa lolloped by a aariaa of ^ractlca axirclaaa which 

5a couplet«! and which vora aubaa^cntly discusaad.    Tba 

•aaa process waa than rcp*atad for the next i aircraft 

with ioclusloa of an additional practice rxarciaa which 

contained all tha aircraft eovarad wp to that point.    Thla 

cycla continued until all 16 aircraft had baan tau«ht. 

b.    Tha loductiwa Couraa 

Tha second Aircraft Kacognltion cowrsa waa daaign- 

ad to ba taught in an inductiva nanoar.    Tha aaaa 16 air- 

craft wara taught and tha praaaatation Included tha identi- 

cal general interest:  Infonutioa about these aircraft.    How 

ewar, is in tha induetiwa couraa wara not taught any ayataa 

of racogaition featurea nor wara tha aircraft daacrlbad in 

tana of these racogaltloa featurea, aa waa tha can« la tha 

deductive course.    Again, aircraft warn taught in groups of 

4, and instruction on each group waa followed by a practice 

exercise covering all aircraft taught up to that point. 

la order to coapanaata for tha course tiaa loot due 

to not presenting a ayotaa for identifying aircraft using 

apaclfic recognition featurea.  It waa necessary to iocraaaa 

tha auabar of tinea each aircraft slide waa presented and 

tha length of exposure during tha training and review 

aaaalona.   S» wara ahown alldas of aircraft and wara aaaao- 

tially left to evolve chair owa aystaa for dlacrlalaatlag 

between aircraft.    Whan quastlooa arose concerning identi- 

fying aircraft presantad la pri&cti     rocerclaea, project 

ataf f a sab era who actad aa aoalters .414 aot aaatloa wing 

ahapaa, nuabar of anglnaa, etc.    They did poae quaatlona 

deaignad to encourage 5a to davisa their owa aystaa for 
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Idantlfyln« aircraft. 

0.  Dryalopaeot of Criterion Mfasurea 

Criterion teata w«ra davaiopcd for tha two aubjact «attar araaa 

directly fro« tha atatcacnta of bahavloral objaetlvaa and prior to 

couraa davvlopaant. Tha aaao criterion taat «aa uaad for both th* 

loAictlva and daductlT« varalona of aacb cooraa. 

1.  Calaatlal navigation 

A baalc criterion cxaalnatlon vaa davelopad which loclud- 

•d all typea of problaaa which 5a had baaa teught to aolv«. 

Exmlnatlon ItaaM war« triad out ualnn naiva iton-profeaaional 

A.I.I, pcraoonal to obtain Information ragerdlng difficulty 

lavala and tha aaounta of tlna required to conplata Itaaw. 

Th« axaalnatloo «aa ravlsad on tha baala of thaaa tryouta 

and Iteu ware arranged apprtnlaataly in order of increaa- 

lac difficulty. 

Becauaa the aoWing of Ccleatlal navigation problema 

Involved aeveral atapa, a teat »coring ayatas waa developed 

to provide partial credit for partial problaa aolutions. 

Thla acoring ayataa provided a poaaibla raw acore range of 

acorea froa 0 to S3. 

A 20-lte« trua-falea taat waa alao developed covering 

tha coocepta and prineiplea underlying tha problea aolv- 

ing procedurea of Celestial Mavigatioa. The rationale 

behind this test «aa Co aacarCain whether 5B expoaed Co th« 

"under stand ing** traataanc had indeed understood end whether 

5s not taught thes« coocepta night bav« "figured then out." 

IC waa falc that thla inforaatloo would provide a valuable 

auppleaeut to Che baalc criterion teat, unfortunately, 

however, the teat proved Co be far coo difficult, lot only 

did the nesn scores en this test fail Co diacriainaca 
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th« four trraCMQC group«, but OOIML of th«a was algnlf Icaatly 

different fro« chanc« «xpcctatlona. 

| 2.  Aircraft FtcoKnitlon 

Th« a«M Sfr-lt« crltarlon cxaalnatloo vaa rmployvd 

for th« Aircraft Recognition cour«« which had b**n develop- 

«d during the previous atudy of thl« ««rle« (Tallnadg« 

•C «1.« 1968). Each lt«a conalatnd of an aerial photograph 

«hich contained on« or ■or« aircraft. Th« «pacific air- 

craft that 5a were to identify «a« circled In black. Four 

of tha aircraft covered in tb« training vtre not Included 

in th« «xaalnatlon, and five aircraft «era .ncloded in 

tha auaiaatlon «hieb wer« not covered in th« cour««* Thl« 

proccdur« waa adopted bocaua« tbara waa «oaa Interest in 

aaaaaaing th« cffectlvenaea of different training «pproachea 

for tha recognition of Mn«wN aircraft. 5« were in« true ted 

to writ« tb« deaignation of tha aircraft in tba apac« pro- 

Jj widad they knew it and to write aa T* la tb« blank if 

they war« aur« they had not b««n taught that particular 

aircraft. Th« teat waa «cored alaply by counting tha 

bar of correct reaponaaa. 

1.  Study lapleaentation 

I.  Collaction of Individual Difference M«a«ure« 

5a for tha atudy wara 353 Vavy cnllated aen awaiting 

aaaignmrat to lasic Blactricity aad Blectrooic« School in 

Saa Diego. All tb« paychologlcal te«ta deticribcd «orlier 

ia thia report war« adaialatarod to group« of «pproaiaatcly 

30 5a during tha firat day of th« 2-4ay «ipariaaatal period. 

All taat adalnia trat loo «aa conduct«! by aenbara of th« 

project staff to aaaura cooaiatmcy of procedures froa teat* 

lag aaaaioa to testing sassioo. Two project staff 
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wt-rr  prc-Bcnt  at mil CiaTln« •«■•lona.    fach tcstln« •«•tloo 

luatrd  npprualMtcly 7 hour«   Including  "break»."    Scorta 

on the  four öJ<IIC Battary teaea wer« prorrldcd hy Naval 

Training School paraonnal for  each 5. 

2. Couraa Malnlatratlon 

All axpcrlMntal couraa« wer« praacntad at Naval Train- 

Ing School tacllltlM with project pcraonaal aarrlnc aa 

ioatrjetor*.    Each court« «a« taught to group« of «pprozl- 

«ataly 30 5a during th« aacond day of th« 2-d«y tasting/ 

training period.    Two inatructora w«r« present during each 

adainlatratioo.    Th« «xp«ria«ntal claaarooa «caaion« coo- 

«UMd «pproxlnately 1 full ä*y (th* Calostial Navigation 

cour««« »equired alightly longor than th« Aircraft Kocog- 

nition couraca). 

3. Colltctlon of Crltorton D«t« 

Criterion t««t« war« «dalniatcrtd to all 5a by project 

ataff ncMbera iaaediately following coa^lctlon of inatruc- 

tion.    Again, two Inatructora were present to facilitate 

teating and aonitorlng. 

Th« Celeatial Navigation criterion cxaaination required 

1 hour and 20 niautea« while th« Aircraft lecognition rtm- 

ination required approxinataly 30 «dnot««. 

2A 
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secncN in 
»fSULTS 

A.      Correlation «nd Rpgreaalon Aimlyae« 

Sine«  Chls study via concerned with the practical «a mil aa 

th« atatlatlcal  «iRnlflcanc« of differences  In achievement rcaultlo« 

froa different treatment and learner characterlatlc varlablea. It 

«•• Intended that aeaa achleveaeat »cores under various experlamtal 

conditions would constitute the ultlasts bssis for evslustlog th« 

resesrch resulta.    Becsuss so «any vsrlsbles were Involved, howwver, 

it was felt thst preliainary correlation and regression anslyaes 

would serve the very uaaful purpoas of providing guidance for focus- 

ing subsequent snslysss on a »ore Halted nuaber of experiacntsl 

variables which showed proaise of being relcvsnt.    for this reason, 

correlstlons were calculated, using th« BKD-03D computer prograa, 

between predictor and criterion test scores for sll 39 predictors 

la each of the 6 treataent conditions.    These correlations are repro- 

duced la Table 1. 

Kx/uiinatlon of the correlations in Tsble 1 did not reveal mny 

consistent pattern.    With but few exceptions ths ccrrelatlona were 

of spproxiaat«ily the anticipated aagnltuda.    One notable exception 

was th« correlation (r ■ .60) between th« Set Toward Education teat 

sad schieveaent under the Celestial Hsvlgatlon Inductive tote treat- 

aent condition.    Th« p - .95 confidence Interval for this correla- 

tion va» found to be .41 < p <  .74 Indlcatlog a substantial relation- 

ship.    Th« corresponding correlatloos under other treataeat condi- 

tions were, for th« aost part, act eigniflcsntly dlffereat froa sero. 

Th« Kud«r Coaputational and Scientific scales also showed sur- 

prisingly high correlations with achlevcMct (r - .50 and r • .52, 

respectivsly) for th« Celestial Navigation Deductive Understanding 

treataant condition.    Neither of th««« coefficients wss significantly 

different fro« th« corresponding correlations for the other three 
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TABU 1 

Corralatlona b*tw««n Indlvldu«!  Dlftarmacm H«aaac«a t 
CrltarloD T«at Scoras rltbln lach Traataaat Croup 

CVAltiriCATIOt 

mm «aiiMMTK 

WMT «COWNICM. 

NMTT GLUICA. 

im»« • unMcmaM 

trm** • •cvJVTiciSN 

inacB • Lii KAi 

Kf ST«t.T COWUTta« 

MCV 

utiun 
tTMILin 

vximu.in 

CtlMlUI   ■«•(«•ttM Unfit trK9fitlmm 

M 
U 

.11 

.11 

.03 

-.01 

•.« 

.11 

.w 

.M 

.00 

.» 
■.M 

.■ 

-.01 

.)» 

.00 

-.11 

-.11 
.0« 

•M 
.)• 

•M 
;H 
M 

-.M 
.11 

•.II 
>.M 
.06 

.11 

.)• 

.01 
M 

*•(• 

u .«• 
.41 .42 
or .10 
it .10 
ot -.« 
u .21 
11 -.00 

.1« .04 
1» .01 
01 -.11 
n 1   -.11 
00 -.04 

n .11 
M .00 
.10 .30 
M .a 
07 -.u 
1» .14 
00 ■ 00 
10 .» 
M -.11 

10 -.14 

07 .at 
II .11 
00 -» 
II .00 
00 .10 
01 •M 
14 -.10 

a .01 
07 .00 
04 .» 
01 -.01 

11 .11 
.s .» 
00 M 
«1 -.10 

00 -.0» 

M .00 

«0 .1» 
.M .00 
17 .n 
n .II 
14 -.» 
.24 .00 
01 .04 
Ot .10 
.01 -.01 

.ot -.01 

.10 .00 
00 -.11 

.21 .24 

.04 .21 

.20 ..11 

10 .00 
14 -.11 

14 -.04 

Ot -.01 

00 .00 
11 ..n 
.11 ..14 

04 -.» 
14 .n 
21 ..n 
.04 .00 
Ot ..n 
01 .M 
04 ..!• 

.00 .M 
M .10 
« .» 
m ..01 

m .* 
M .11 
10 .00 
ii .00 
09 .01 
M .11 

.» 
M 

.07 

.04 

.10 

.11 

.0» 

.14 

.12 

.» 

.21 

.1« 

.a 

.22 

.01 

.11 

.0» 

.17 

.01 

.17 

.20 

.0« 

.27 

.20 

.11 

.11 

.04 

.10 

.1» 

.00 

.00 

.07 

.2» 

.20 

.14 

.00 

.10 

.12 

C 
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CalestUl Navigation treata«acat however. 

Of prlury Incertnt were dlffereucca between correlation» cxlat- 

Ing aa a function of treatment condition». No conalatent pattern» 

of thia tyn« were apparent through vlaual Inspection. Oespl'.e the»« 

appearance», teat» of the algnlflcancc of differences between corre- 

sponding predictor-criterion correlations «ere aade for the follow- 

ing pairs of treatment conditions: 

o  Celcatial Navigation Inductive Understanding vs. Celestial 

Navigation Deductive Understanding, 

o  Celeati«! Navigation Inductive Understanding vs. Celestial 

Navigation Inductive Rota, 

o  Caleatial Navigation Inductlv« Uodaratandlng vs. Celestial 

Navigation Deductive Rote. 

o  Caleatial Navigation Deductive Understanding vs. Celestial 

Navigation Inductive Rote, 

o  Caleatial Navigation Deductive Dnderataoding vs. Celestial 

Navigation Deductive Rote, 

o  Celestial Navigation Inductive Rote vs. Celestial Naviga- 

tion Deductive Rote, 

o  Caleatial Navigation Inductive 2ote va. Aircraft Recognition 

Inductive, 

o  Celeatial Navigation Inductive Rote vs. Aircraft Recognition 

Deductiv«. 

o  Celeatial Navigation Deductive Rot« vs. Aircraft Recognition 

Inductive, 

o  Colcfttial Navigation Deductive Rote va. Aircraft Recognition 

Doductiv«. 

o  Aircraft RACOgnitioo Inductive vs. Aircraft Recognition 

OaducCiv«. 

Since there war« 39 predictor variables» a total of 429 such 

teata were aad«. On tha baaia of chance expectation alone, between 
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21  aod   22  of   throv ca«varUofi«  ahould nartm «hown "Btatitt Icaily «Ig- 

ntflcant   d 1 fftr^nc«»'  «t tix» r i  .0!»  l«v«l.     In  fact,  24 p-i.r« of 

corralatlons ^«r«  fuund to h« »l^nlf leantly <Uf(ar»nt  at  tMa   l«v«l. 

Slallarlr,   4 palra of  corralation« which 41ff«r*<l  at tb« p i  .01 

l«v«l  w«re  »ip^ctrd on a chant« baala while   7 wer«  found. 

S»v«ral of   ihm p«ir«4 corr<tUtloaai diffvrrncaa reflected   th« 

generally  high corrcLatlona «xlatlog  between cognitive predictors 

and th« CeieatÄal Navigation final ejunalnatlon, an contrasted with 

th« low correlations of th««« predictors with Aircraft Recognltlo« 

criterion performance.    If Nary Kaslc .lattery C«n«ral Classification 

and Arlthactlc  test correlation« were cseliadad fro« consideration. 

th« nunber of obtained "statistically significant dlffsrencss'* was 

below chance expectation.    At this  level of analysis,  then,  there 

appeared  to be no naanlagful result». 

In deference to thoae authors «ho haea argvod that correlational 

data cannot be awaaiBgfully Interpreted and iaaist  that regression 

coelf iclents be   tsod la thalr stand  («.(., Cronbacb 4 Snow,  1969), 

regresalon coefficients «or« calcnlatcd correepondlng to all th« 

corralation coefficients shown In Table 1.    Thasa regression coeffl- 

rlenta are presented In Table 2.    Differences between pairs of re- 

gression coefficients were tested by BMana of t tests.    Thes« tests 

were perforned for all pairs of predlctor-crttarion relatiooshlpa 

for which correlational differences had b««n tested.    Th« tests of 

the differences between regression eoofflcloat* yielded exactly th« 

SSM results as ths tuts of diffsrenens b«tw«cn correlation co«ff!•> 

clenta.     Th« identical pair« of predictor-criterion ralationahipa 

war« found to b« significantly differamc at th« aasM probability 

law«la.    The regression analyses added nothln« Co inforaatloo oh- 

taload fro« th« corralation analysaa. 
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Th« «KpcriMnntal Aircraft t«co^nltloa cowrs*» w*«4 In  this 

research w«r« •••«otUily Identical to th« Aircraft tocofnltloa 

cowrsea used In an earlier atudy tn thta aeries (Tallsadgn et al.( 

19M). Th« Aircraft Recoinltlon portion ot this study, than, co»- 

atltuted on« of faw repllcatlooa of a study In which clgnlflc«»t 

laarnar charactarlatlc by  traataont Intaractloaa had bm—  found. 

Th« «arllar atudy fownd that the Inductlv« and 4 ioctl^« trc «««ra 

produced slgalfIcaotly different correlations vlth th« crlt«rloa 

for three Kudar Vocational Interest scale« (Coaputatlooal. Scienti- 

fic» and Social Sanric«), and two Gordon rersooal Profil« »calas 

(Aac«adanc> and Sociability). Not on« of th« diffarane«« b«t«««a 

th«s« ««•« pair« of correlatiocui ««• atatlatlcally significant la 

th« present study although, with th« ncaptloa of Cordon A«c«nd«ncyt 

th« direction of th« diffareocaa w« th« aaa« in both atwdias. 

I« fit« «arliar atudy, a coa^oaitw neaawre coooiatiBg of th« 

Kudar Scientific Intereat acale (poaitivaly w«ight«d), th« Cordon 

Ascendancy scale (negativsly weighted), and th« Kudar Huaicnl 

Interest scale (negatively weighted) was developed which aaxiuixed 

th« differences aaong th« four tr«ataant group« Included la tlut 

atudy. S»  scoring «bow« th« wmilam oa this coaposiea aanswre ghowd 

aignifleantly greater (Aircraft Recognition) achleveaent under th« 

deductive aathod of inatructiou than uodar th« inductive Mthod 

{p <  .001). .V« acoring balow th« nedian perferaad better under the 

laductiv« treataent coadltloa, although this differeac« «a« not 

statistically aignifleant. 

Th« tmm coapoeite «cor« was calculated for 5a taaghc Aircraft 

■«cognition la th« preeaat study. Using th««« data, no achleveawnt 

difference« between laductiv« «ad dsductlw treataent coaditiona 

were found either for Cm «coring «bow« th« aedlaa, or the«« «coriag 

e 
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b«lov.    T«bl«  3  ftmmmutm • ccmftimm of •••• •chlov 

tram th« Mrller und th« pr«Mat »twiy. 

•cor«« 

Tafcl« 3 

C Sco -« i 

t 

lifh Croof 

lam Cro«f 

Aircraft l«cot«ltlo« 
Korllor StWy 

Aircraft tacofaltlo« 
rrooovt tt»4y 

laductlr«   i   Dodoctlv« 

a.u 

S2.lt 

33.(1 

ftt.04 

Civ«        0o4octlv« 

50. U 

49.17 

30.34 

4f.l5 

0 
■e «wplA&otlo« conl4 %• tomni M la «fcy UM tue r*flicatlono 

dlfforant r«a«lc«.    rrrdlcter aai crltorloo CMC »car« 

«■A varUoc«« w«r« taamt aot CO 41ffor «IfBlfleantIjr >oC—aa ropll- 

catlona nor «ara Cha roaalca of tha praaoat atody (an ahoaa la 

Takla 3) alcnlf Icancly affactad \j aolat tha eoapoalto acara mmiUm 

tnm cha «azllar acady Co sort proaaaC »rudy 5a laco high mU low 

ttoopo. 

C.     Addltlooal Traataoat by taaraar Charactarlatlc Aaalyaaa 

Aa 41acnaaa4 la cha latrodactloa. this atvdy «a« dialgaad Co 

lavaatltata cha affaccj of thraa oayarata asfarlaaacal varlaMaa — 

aahjact naccara* typaa af laaralag, aad laatraedoaal aathoda.   Th« 

cerralatloa aad ragraaalo« aaalyaaa daacrlhad abova eoaaldarad thaaa 

thraa varlablaa alaukltaaaeaaly hy daallag «ich yrodlccor-crltorloa 

raladoaahlpa oa a wtthtoHat—taaoc-troop haala.   ty paailag data 

froa eve or aora craacaaac gtoapa. It «aa alao poaalhla to lavaaci- 
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gat« tach of  th« varl«bl«« ••pcratcly.    Th« po««lbl« «(facts of tfp« 

of Icarnln«,  for «xaapla, could b« lzrr«atl«at«4 by poellat data froa 

th« two Calaatlal Havlgatloti t'odaratandinc rouraaa and cmtparln« th« 

poolad raault« wttb rtaulca obtaioad by poolin« data fro« th« two 

C«l«atlal Navlgatloa Rot« couraas.    Aaalya«« of  this ty|>« w«r« carri- 

ed out and ara d«acrlb*d balow. 

1.      L««nt«r Ch«ract«Tiatlca by Subltt M«tt«Ta 

Th« «ffact of aubjact aattara VAM «xaaliMd by pooling 

Ja froa th« two C«laattal Narlgatloa Iota COOT«««, ccwpitia« 

corralatlona batwoan individual dlffarcac« aaasuraa and crl- 

tarloa taat accre« (or th« coablaad grouy» aad coa^arlet 

the«« corrolatloaa with slallar corralatlooa eoapatad for 

th« caahlaad group of 5« (troa tb« ewe Aircraft B«cof&ltlo« 

couraaa.    Agaia, taat« of th« «ifolflcaac« of th« differ- 

ancaa b«Cw««a pair« of o. rralatioa« war« aad«.    Of th« 39 

pair« of corrolatiooa which war« «xaaiaad, 2 war« fooad to 

ba aignificanely different at th« p <  .01 level, «ad 3 «ore 

at th« p <  .OS leral.    Tb« 2 larg«r diffarence« lonrolvad 

cogniCiw« acasuraa — lawy Baalc lattery Canaral Claaalfl- 

catioa and AritbaMtic teats.    Theaa aaaaare« ahowad high 

poaitive correlatioaa with the Calaatlal ■«▼igatiea cooraee» 

aad auch lower correlatioaa with the Aircraft Eacogaltioa 

couraaa.    Thia fiadiag waa expected «ad waa coaaiatcat with 

slallar differeacea reported by Tallaadga at al. (1968) 

iawolving thee« aaaa two predictors aad achiws—t in 

cours«« oa th« Tranaportatloa Tecltaiqu« «ad Aircraft tacog- 

aieiea. 

Roacogaltlv« aaaaaras were iawolred la tha «Cher three 

atatiatically slgnifleant correlatioaal dlffereaeee.   The 

Kuder Coaputatioaal acale produced the largaat dlffereace 
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b«c«««« corrvlctlon«, »hovint a •l|alflc«nc poaitlT« r«- 

latlonshlp with actilrrcacnc  la tb« C«la«tlal  X<-vl|aCloa 

couraas aad a «aalX ncxatlv« corralatlua with achlwaaaac 

in Aircraft  tnconaition.     Sine« tha C^lcattal lUrrl(attoa 

couraaa did  iirrolva a alsaiflcaot aaouat of  coHputatlon, 

thla fladlnit waa alao coaalataat with expaccatioaa.    Ttm 

U PF OutRQlna aad txparlamtlaf scalaa producäd th« oth«r 

two algnifleant dtffaraocaa.    Th*»a ralatlonahlp« w#ra 

•och that "Outgolacacaa'* waa D«fatlv«ly rcLatad to auceva« 

la Aircraft fcccognleion, bat uoralatad to acht«ya—t  ia 

Calaatial Xavlgatlon; «falle "Lsparlaentinsneaa" waa aaaocl- 

•tad with a^cetas ia Calaatial lanrlfatljB, bat aat«l«t«d 

to »chirr—eat la Aircraft tfacofnltloa.    Th«»« ralatloe» 

ahlpc did not a^aar to b« particulariy aaanlac'ul, aad 

no »ttaattt wta »ad« to iatarprot tbaa. 

2.      Laaroar Otaractarlatlc» by Typ«» of Laaraia^ 

O To ImraatlfatM poaalbl» iatcractloo» hatwvan laaraar 

ch»r»cs«rl»tlc8 aad typ«« of laaralaf * 5» In th« two 

Calaatial navigation Uodaratandinc eoara«» wra pooled, 

a» vtra .^a   la th« two Calaatlal Rarlgatlon £wta coara»a. 

Corralationa wara th«« coapatad bacwa«a «ach of th« 19 

individual dlff«r«ac« »«aaura« and criterion teat acor*a 

for the two coayoait« troop«.    Dlifrr«öcea between th« 

reaultlnt pair» of correlation» were then teatad.    Oaly 

1 of th« 39 aaasvrea produced a correlation for th« 

andcratanding Icamiac condition which differed eical» 

fIcantly fron that produced for the rot« leamiot can- 

- dltloa.    Thla naaanra waa the Uadei Moaic«! latereat acale 

which correlated -.14 and ♦.12 with achiavenent for th« 

tu« typ«« of leamlnt, xeepectlvely.    Sine« nor« than 1 
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"■tatUtlcall, stiiilficanc 4 It I mr vac*" (p i  .05) wtmld har« 

beta capected on th« basis of chaoca also«,   it had to hm 

aaauMed that,  this  1 raUtlonshlp vas not aaaaltttful sotf, 

thtrrfor«,   that no laarowr characttrlstlcs by typrm of  l«an>- 

li* IntaractloQ «alatad for tha Calaatlal Haviiiacloa sub- 

ject aatcar. 

3,      laarnar Charactsrlstlcs by Instnictlonai Wathoda 

Although thara mra ihr»« ladvcttv« «ad thr«« dedve- 

tiv« couraaa,  th« Instructlooal sMtbods variabla was not 

loUltlly «xaalaad by poollnf th« S» fat th« thr«« ladac- 

tlv« aod th« thr«« d«<hictlv« trasuwat growp«.   To «veld 

possible contsainatloo cauaad by klfhor ord«« lnt«ractlooa 

iirrolvlac «lth«r typ« of laaraiat or typ« of «abject Mttcr, 

th« d«cl«lon was aad« to pool ooly two group« at a tia«. 

Thua tha two laductl«« Cal««tl«l llsvlcatioa tr«ataent group« 

w«r« coabiiMd, a« w«r« to« two d«doctl»« group«.    Siallarly, 

th« inductiv« C«l««tlal Mavigatloo let« group waa pooled 

with tha ?o£uctlv« Aircraft Racogoltloo group, and the 

deductive Celaatlal navigation lot« group wa« poolod with 

th« d«ductlv« Aircraft lacognltloo group.    A« with the other 

aaaly«««( corr«latlona for «ach conpealt« group wer« com- 

puted b«C«een th« 39 predictor« and crltarlon t«at ecoree. 

Dlf f«r«nc«e between pair« of theae correlation« were eubee» 

quantly tcated.   Of the 78 coaparlaooa nadef 9 statist leally 

significant (p < .03) difference« «ere found.   The pair« of 

correlations which «»ere found to be aignificantly different 

are presented In Table 4. 
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TABU 4 

SljnKlcantly Dlffcrca«  fairs of Correlation« 

Cal. üav. thtdar- 
atandiat plna 
Cal. Rav. Rots 

Cal.  Nav. Ista 
plua Aircraft 
Racogoltloa 

Indoct Deduct Induct lOadoct     1 

Eyamck - Rouroticlsa 

Kudar - Artistic 

16 FP - EMtlo&ally SUbl« 

16 Pf - iMtlnatlv« 

16 fT - Appr«b«MlT« 

Sat Toward tiu^atloo 

.13 

.15 

-.14 

.45 

-.11 

-.13 

.14 

.OS 

.14 

-.IS 

.23 

.18 

.37 

-.IS       1 

.w    ; 
-.03       | 

-.20       I 

•-   i 

Ö 
Coaaldarad lodlTlduallj, tha fair a of corralatioaa ahowa 

la Tabla 4 ara not particularly uasaingful aad ulaht, oaa 

could asauu«. ba du« to chaoca variations. Thra« of tha 

scalaa, howavar, (Byaaack ■aurotlciaa, 16 Tf Eaotlooally 

Stabla, and 16 PF Apprahanaiva) ara aaaantially aeasurac of 

adjuatuant. Tha fact that all of thaaa «calaa ara coaala- 

taat with taapact to thalr intaraetlos with inatructloaal 

■atbod laada conaldarabla cradlbllity to tha aslataaea of 

aa lataractloa batwaaa atodant adjaataant aad aathod of ia- 

atructioa. It al«ht «vaa ba argaad that tha Kudar Artistic 

acala aad tha 16 PF laaglaativa acala also prodaea acoraa 

which ara ladlcatlva of «aotioaal adjuataaat, aad alaca tha 

pattar* of corralatioaa of thaaa acalaa la coaalataat with 

thoaa of tha othar »calaa, thaa of far aupport for tha asla- 

taaea of such aa lataractloa. 
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Th« »Unlflcant 1/ dlfftrent  corrtlatloa*  linroUln« 

th« Set Tovard tducatlon tttt  all rvsuit  fro« th« alnclt 

very hUh correlation betwen thia ««atura aud achievement 

In th« Cetoatial  Navigation Inductive Rot« treatment  group 

which waa dlacuaaed aoove.    Thrjr neither  eupported nor de- 

tracted fro« the poaalble existence of aa Interaction betv*«« 

«atlwxl of   Inatructlon and th« «djuaCMnt of   leamera. 

Th«re waa oo Indlcacloa that either subject ■■tt«r 

or typ« of learalnf alfactad th« xeiatlooahlp batw««« 1D- 

atmctlonal «ethoda «ad leartMtr adjoataent.    It waa decld- 

«4,  therefore,  to pool th« three Inductive treatatst group« 

aad th« three deductive traataant groapa in order to «xanin« 

th« overall effect of  Inatructlonal acthod.    Uhae thia waa 

doo«,  correlation« war« coaput««! for th« thre« acalaa clear- 

ly related to aantloaal adjuataaat.    Tabl« i praaoeta thaaa 

cerralatlons aa well aa aultlpla corralatlona for tba iodac- 

tl»a and deductlv« group« which war« coapvtad by «aalgalng 

waishta of +1 to th« Byaoaek Rourotlcisa aad lb TT Apprr- 

hanslvc acalaa, «ad « w«ight of -1 to th« 16 TT Eaotioaally 

Stabla seal«. 

TAIU 5 

Corralatlona Showing Intaracciooa b«tw««a Htaaaraa 
of Aajuataaat and Instructional Mathoda 

InductiT« D«dactiv« 

Eyaanck - Neuroticisa 

lb FP - EMtiooally Stabla 

16 Pf - Appreh«oaiv« 

b Clple 

.11 

.12 

.14 

-.17 

.14 

-.14 

-.20 
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70 

<fs        60 

50 

40 

3 

Ait**! 

30 

-20 -10 10 30 

Compomif fviictet (Anxlatj) 

(X • 4.1)    («x - 11.2) 

rttur« 2.    Interact It« betw««>n «»«Icty 
and inscraetiotuil Method. 

Th« rccrcasioo llsu corrMpoodis« to tb« ■ultlpl« r*a 

of Tab I« S ara plotcad la rifura 2.    Tbla f Igara lllaacrataa 

that tha ragrasaioa llaaa croaa naar C'na predictor aeora 

■aaa.   Tha alepaa of tha ratraaalao llaaa «ara found to ba 

altaifIcaacly dlffaraat (p < .03) aa «ara tha aultlpla r*a. 

To fitrclMr lovaatitata thla lotaractlva ralatloaablp, 5a 

I» 
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wvr«* Hubn^qmntly nortcd Into high and low Rroups d«p«ndlna 

upon wlirthrr th«lr coapo»ll« predictor ncorv fell «hove or 

beluw the point vtierc the regressloD line« crossed (V • -.36). 

Finally» mean achievraent teat scores vere coaputcd for those 

above the croaaovcr point who received an '•"juctlv* tr~at- 

ocnt, those above the crossover point who rtcslved • deduc- 

tive treataeot, those below the crossover point «ho received 

sa inductive trcatsent, and those below the crossover point 

who received a deductive treatanc. These aeaa scores (to- 

gether with the sssociated standard deviations) are presented 

la Table 6. 

TABLE 6 

Criterion Teat Score Means and Standard Deviations for 
High and Low Anxiety Croupa Taught Inductively and Deductively 

High 
Anxiety 

Low 
Anxiety 

Inductive Deductive 

I - 50.64 

9  - 9.8S 

Z • 48.27 

• • 8.91 

7 • 48.63 

a - 8.94 

X • 52.14 

• - 10.19 

O 

Piaally, an analysis of variance waa perforaad on the 

crftexloo test scoraa for the four groups using th« un- 

weifthted aesns tschnlqua (Viner, 1962). The results of this 

aaalyaia arc presented in Tabla 7. Aa can be aoen, neither 

O 
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th« l««m*r cK«r«ct«rlftlc nor th« lactmccloaal ««thod 

m«ia tffcct w»t  strtlitlcnlly  •ignlflcunt whll«  thtlr 

IbCtractlon w*« «ignifleant. 

TABLE 7 

UoiMlghtad Means Analyais of Variance 

r-    -                        ... 
Sourc« df HS F P 

IXutruccional Mathods 

iLaamar Characteristics 

Interaction 

Error 

1 

1 

1 

349 

69.5 

27.0 

710.0 

88.7 

< I 

< 1 

8.0 
1 

<.0l   l 

i 

3 
Differences between pairs of asans shown in Tsble 6 

wer« tested using Student's t. Th« deductive instructional 

■ethod was found to be significsntly superior (p < .03) for 

th« low anxiety group. The instruetionsl trestaents did not 

produce significant achievcaent differences (p > .10) for 

th« high anxiety group. Siailsrly, the low anxiety group 

perfomed significantly better than the high anxiety group 

(p < .05) under th« dtductiv« treatacnt while the differ- 

ence between groups was not statistically signlficsnt 

(p > .10) under inductive loatructior a conditions. 

0.  Analysis of Oversll TresOsent Effects 

Whll« th« primary concern of this study was with intsrsctlve 

relatiooxhips involving learner characteristic v»rlebles( It did sot 

««— «pproprlat« to Ignore cowpletvly «ay overall effcctlvcncK« dif- 

ferences which sight have existed between treataenc cendltioan. For 

this reason, aaaa achieveaent score« «ad associated standard d«vl«tloBS 
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trm ca'.culatrd  »n6 art pr«»«m»<i   In T«bl« 9. 

I 

M 

TA1LZ e 

M»«n Arhlrvrm^nt  Scores and Stindard DrvlatlotM 
(or th€ SI« Trcataaat Ccndlrlon« 

l 

Induct U« Deductiv* 

; CaUaclal Havigatloa 

Und%rtt«udla« 

I - 30.ft 
• •    8.8 

X • 49.0    i 

• -   9.9   j 

{ C«l«acl«l Kavl«atlot> 

lot« 

I - 49.2 

$ • 10.1 
1 - 51 I 
f •   8 • 

I 

AlicrafC Rtcogoltloo 
i 

1 

I - 49.» 
• •    9.7 

1 - 49.6    1 
• -   9.7 

1 

Th« f'IIKa test was used to test for hcmo%*nmity of varlanc«.    Mo 

slgBlficaot dlffsreocs was found iFm^r • 1.21).    Dlfftrsocas b«tw««n 

«11 pairs of mrau war« tasted ualn« t taat« (• coosarratlT« proca- 

dur« «hao attcnptlo« to ■loiais« Typ* 1 «rror).    Mo atatlstlcally 

algnifleant dlffaraocas war« found. 

Uhlla It should ba pointed out that batv««i>-subj«ct>«attar dlf« 

farancaa war« statistically aliatoatad by standardIslot scores with- 

in subject aattera, reault« of the abov« daacrlbad taats lad to the 

conclualoo that withln-subjact-«attar traataeot dlffareoce« produced 

no significant achlavaaast diffarenc««. 
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lurmorvcni U-C-CJJI-I 
ttcnom iv 
Discussion 

Thm jwrpo«« of this atudy v%m to dmoontrat«  th« practical 

tlgnlflcaac« of  laaraor charactartatlc by inatructlotul traatMnt 

Intaracxlona by varlfyln« tu« axporlacntal flxwllnma  riyotfi la a 

prwloua study  (Tallaadaa at al.,   196«) and by atteaiptlc« to  Incrtaa« 

tb« auiitnltud* of  th« obaarvod r«l«tloaahlpa through an taprovod •«- 

par («ant al d«wlgn and ahtarp«n*d a>«a«rcB«at tachaiqua«.    It Is 

rsadlly apparaac  fro« th« raaulta 4«*CTib#4 la th« prrvlou., s««tio« 

of this raport that this goal vaa «xcoaalvaly optialstlc sad that 

far aor« basic krumladga Is r«qulr«4 bafora laamtog styls rcsaarcb 

la iltaly to hav« a slgnldcaat lapact co any real-world trslnlnc 

protraaa. 

At tb« tlaa th« study daacrlb«a bar« vaa undartakaa, otter 

ist gators shared with tba «utbors of tbla raport a gsasral faaJ- 

lag o* «atbuaiaaa for th« practical iaplicatioea of raaaarch In tbla 

araa.    Ruaarous stadias wara sppaarlag which raportad algoif Icaae 

laaroar characteristic by treaasaat lataractloo«, aad It sasasd that 

soon soaM ordar would «aart« froa tba apparently uorelatad and fra- 

quaatly discrepant findings.    Hypothaaea were being foraulsted aad 

tested Is a uanoer which held proalea for oetabllthlag s rapllcable 

baala for future, aora sophisticated reflneaeats. 

Aa the prollferatloa of reaearcb resulta produced «a lacreaalag 

euabar of closely coa^arable studies, the expected eaarganca of con- 

sistent patterns of relatloasblpa slaply did not occur,    lather. It 

appeared that relatively alror dlf ferencaa between treataents could 

causs a coaplata reversal of Interactive relationships.    Such r«ver- 

sala ware observed by Bundersoa (1969) aad by lurtoa and Coldbeck 

(1962) aa a function of dlfferancea la the difficulty of learnlaf 

tasks while subject Better differences produced a slallar reversal 

la tba Tallaadge et al. (1968) study (although thla difference b^- 
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cv««n Bubjcct *«cc*rt could hardly b« described •• alnor). 

Thca« (Indinxa, coupled with thm  Lars« auBb«r of studies rsport- 

In« neRstlv« results or results Inconslsteat with expectations, hrv« 

caused the prrvaillng aood to chance (res c^ttalaai Co pesslalsa. 

ftundersoo (1969), for euaple, i:-s decried the "robustaess'* of aptt- 

tude-treateent Interactions sui|gesCio( that other approaches are 

■ore likely to leprove Instructional effectiveness.  Certainly the 

rcsultn of the preseal study are, for the momt  pert, consistent vtth 

this recently expressed viewpoint. 

Still, It does not appear that learning style research should 

be abandoned. The relationship found in the present study between 

anxiety and (induetivs vs. deductive) teaching nethode, while not 

lepresalvfly large, was sufficiently robust to stand up for two dif- 

ferent type« ot learnlog, two differeat subject natters, and probably 

at least two difficulty levels. 

A.  findings of ths Present Study 

The eingle positive finding of the present study which the 

authors feel is reliable and which should stand up to replication 

waa Che above nentloned interactive relationship between learner 

anxiety and Method of instruction. While «any "statistically signi- 

ficant differences'* were found between pairs of predictor-criterion 

correlation and regression coefficients aa a function of treatnent 

conditions, the aajority of these differencea were considered to be 

unreliable since they represented only « «mil frsction of the total 

ouaber of pair« tested, and since they fons» J no dear-cot pattern. 

The only aajor exception to the apparently randea distribution 

of predictor-criterion correlation and regression coefficient« in- 

volved aaaaurc« of learner adjuataeat (or conversely, anisty). 

Three of the four such seal«« included in the study (the Cordon 

Eaotionel Stability seals wss the exception) showed consistent 
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^«ttarna of   tntaractlota with th« UstruetiocMl acthod vaiUhl« for 

both types of  Ictrain« mui «xibj^ct Miter» linr««tU«t»<J.     VTttlc 

bwt flv« of th« •!» rtUtloashlp« \mf •t«il«tlc*lly altnlflc*&t 

(baaod on corrtlatlooal dlffaroocoo — ••« Tabl« 4),  th*7 vor« p*t- 

fcctly coiuil«t«at  «ad   todlc«t«<l that  th« «or* aculou«  »tudAmta jnr- 

fonwrf hotter under lodactlvc Inatrvcttoo«! condition« whllo !••• 

•8x101.« atudonta «hoMd hotter achlcvanest follovlnc de4>jctlTe lo> 

•trvctloa.    Uh«a th« thro« «cole« vtr« poolod to ylald • «lacla 

anxiety ■•«•ur«,  the laterectloa F ratio oo« atetlatlcally aLfaiil- 

cant at fM p «   .01 l«v«l( hut ■««■ achiwant «cor«« w«r« a Isold* 

cently dlffarent  (p <   .03) only for 5a Lov in anlaty. 

h«caus« th««« dlffereace« were not of greeter aafalto^«, th« 

poealhlllty that «xlatln« reiatloaahip« war« oonllcear vm coaslder» 

«d.    A« Cronhach and SDOW (1969, f. 17) haw atatad. "EapMUlly la 

at-jdica «hara aaalaty la a pr«t««t varlahla, it la found that per- 

feraaaca under a certain traataaat la advaatacaeua for a 'alddla' 

group end diaadvaatagac^a at the too astraaaa."   la accordaaco vlth 

Chair riniiaailitloa "that th« iavaatlgacor iarpact hla data for 

likely aoolioaaritiaa," *>£-«ariata scatter diagram«, wer« plotted of 

tha coapoaita pradictor-c-it«rioa relatioaahipa.    Visual laapactioa 

of tlwaa scatter diagraaa revealed no «wid«ac« of aeailaaarity.   Tbia 

aagatlva f i»4lBg aay wall have haaa «ctrihutahl« c* tha particular 

saapl« of 5t   iovoatigatod.    Tha highly aaxloua "rail** of tha dlstrl* 

hotioa could aaally hava haaa cot off through standard Hawy acro«»> 

lag procaaaaa» by th« rlgera of haaic traiaiag, aad hy tha further 

"hurdle«" of aelactioa for am alactrealca career field. 

While it wee not poaaihl« to test thia hypothesis with aa 

•ecaptabla dagraa of rigor» cnaparisoa« wara aad« hatwaaa «««a« «ad 

•taadard daviatioaa of tha axpariaaatal saapl« «ail noraativa data 

iaclirfad la tha taat aaaaals for tha lyaaack ■aurotieiaa seal« (rota 

I) aad tha two U ry (Fora •) seal««.   Tha aaapla noaa for tho 
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lymnck S«urotlclaa aeal«  (1 • 9.0) w««  fouai to b« slgolfIcantly 

lowr (;■  «   -01)  than th«t of th« MAa«rlcaa Coll«|« Studoat" nora 

group  (I •   i0.9),  but  Don« of  th« othar »tan« or  ataadard d*»l«tlotia 

Bho«#cd alMtlar dlffaraocea. 

Othar potaottally aaaninjful rtaulta lorolvad th« unusually high 

crltarlon corralatloaa of   (1)  tha Sat Toward Education tjat for th« 

Calaatlal Navigation  Irductlva Rota coura« and  (3)   th« Kudar Crwpu- 

tatlonal and Scientific acalaa for th« Calaatlal Mavlgatloo Oaductlv« 

Uadaratandlng coura«.    WhlJa thaa« ccrraiation« may not hava baao 

«•aalntful, thalr occurreoc« on a chaac« baalJ «a« «xtraaMly tanot«. 

for th« •«■pi« alt« taatad, Flahar'a Exact Probability Teat todlcatait 

that a correlatloa of  .60 would occur by chaac« b«tv««a on« In tvo 

alllion and on« In flv« million tlaaa. 

Thar« did not appear to b« any logical way to account for thaaa 

large correiationa.     la (act, war« on« to predict a high corralatian 

batwean th« Set Toward Cducatioa teat and crltarloa porforaaace baaad 

oa what th« teat la praauaad to aaaaura. it would b« (or on« of th« 

"uaderatandlng'' treatnaata — not (or a rot« laamlog altuatloa. 

la aay case, while th« naaalng of t;\aa« high corralatloaa waa not 

at all obvioua. It would certainly aaaa appropriate to Include th« 

aaaauraa which produced thaa la future laamlag atyl« atudlea in 

hop«« of gaining additional iaalghta. 

Th« aignlficaat negativ« finding« o( th« preaant «tody ralatad 

to Ita («Hut« to duplicate, or evan doaaly «pproalaat«, th« reaulta 

obtained la th« earlier Tallaadge et al.  (1968) atudy.    Th« Aircraft 

ftacogaltloa coura«« uaad la th« preaant «tudy war« identical to 

thoa« uaed la th« «arliar study, yet oona of th« f iv« atatistically 

algnifleant dl((«r«nc«« batwaaa inductlv« and daductiv« ccura« 

prodlctor-critarlon correiationa which w«r« found in th« «arliar 

atody stood up undar replication. 
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la «a «ttwift to racencll« tb««« 41ff«r«accs, rav data and co»- 

putatloaa tnm th« two atudlaa war« roaaadoad (ot poasibla «rrort, 

but ooaa could ba found.    Tba only other factor which could b« 

Idaatlflad aa poaalbly raspooalbla for tba dlfforcocca was tba fact 

that tha loductiva Aircraft Kocotaltloa court« was taught by oo* 

laatntctor in tha aarllar study while a different  Instructor taucht 

tha deductlva course.    la tha present study, both Aircraft tscofaltloa 

courses ware tau«ht by a ein«!« Instructor. 

Thta difference batvaaa tha two atodlaa would conatltuta a 

raaaoaabla azpiaostloa of their dlffereet flndlnca urder aoaa condl* 

tioaa.    Since atudant-inatrucior lutaracttoa waa kept to a minima, 

bovever, and alnca tha laatrvKtot la both instances waa highly "pro» 

grsastrl,*' tbla explanation did not appear satisfactory.    It aaenad 

equally unlikely, however,  ttat S of tba 13 corralatiooal differencea 

lavolviat noacocnltlTa predictors could hava attained statistical 

algnlficance on tha baala of chance aloaa.    Since at laaat one other 

iawaatlcator haa found evidence ot ttachar by student latamctloaa 

(Bail 4 Vaahbuma, 1961), tha former of tha two axplaaatiooa ia par» 

haaa tha nor« plausible. 

It waa not really possible to coapara tba Celestial Xavita'.lon 

portion of tha present study with tha Traaaportation Tachnlqua por- 

tion of tha pravloua etudy both bacauaa of diffarancaa between tba 

tue aubjact nattara and bacauaa of tha confounding of type« of taacb- 

iat with t^-paa of leamin« in tha 19W reaaarcb.    Deepite these 

thaoratical Itnitaftiona, bowavar, tha fact that none of tha statis- 

tically aicmlf leant corralatloaal diff arancaa ot tha aarllar study 

racarrad ia tha praaant atudy «aa soMwbat diatraaaia(.    In deeign- 

ia« tba praaant study, tha authora conaldarad that tha Calaatial 

Ravifation and Tranaportation Technique topica war« equivalent in 

all relevant raapacta. 

43 

i 



MAVTUDtVCni U-C-0271-1 

6«c«u»« all  Individual dlffarcoca aaaauraa which ahowad algni- 

(leant Intaractlv« ralatlonahlp« In tha 1969 atudy wart locludad la 

tb« study r«port«d hara.   It vaa poaalbla, at  laaat partlallr,  to 

croa»-valldata tha f Indlnga of th« aarllar atvady (although thmy did 

not ataod up to thla croaa-vslldatlon).    Th« rrvaraa« uafortuaataly, 

««• aot at all laaalbla aloca th« aaaauraa which producad apparently 

■aaalogful Intaractloos bar« had not baao laeludad la tha aarllar 

•tudy. 

1.      Mlatlonahlp to Othar Fubllahad taaaarch 

Other publlahad atudlaa haw« alao daalt with laarnar anxlaty 

lanrala aad Instructional treats^...; conditions saaalngly slallar to 

tho«« iavtstlgatad hara.    It wao, bowavar, axtraaMly difficult to 

d«CcrBia« whatha/ th«e« publlahad raaxarch findings war« cooalataat 

or iacoaaistaat with th« result« reported bate.    There «or« three 

■ajar raaaona for thl« difficulty.    Th« first concerned the inatruc- 

tlooal traatacats thaaaalw«« tdtich, for tha aoat part, bawe been 

inadequately labeled and daacrlbed.    This problea waa dlscussW 

extansivaly by Tallaadg« and Shearer (19(8), who concluded that it 

waa frequently not possible to tell whether sa instructional treat- 

•eat was inductiv« or deductive deapite ito label. 

A second problea related to the «pecific individual difference 

aaasuraa us«d.    Stud!«« purporting to deal with «naiety have used a 

variety of different instruaencs to aeasure it, reflecting what 

Cronbach and Snow (1969, p. 159) daecrib« as "a aoat hapbasard aix- 

ture of defining variable« for th« parsonallty construct.**   Then 

too, investigator« have typically uaed • relative criterion such a« 

the class asditia to sort 5« into high «ad low group«.    This practice 

further coapllcate« effort« to ask« coap«risoaa aero«« scudlea where 

the clsss aedlan« aay vary conaidarably. 
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9 Th« pottlblt txiatcoc« of u]»4«C«ct«d ooalin««rlt !••  la rala- 

tlooahlpa bttvaan learn«, ptrsoaallty charactcrlstlca uttä achlava- 

•aac prtaantad anothar difficulty la lotarpratlng publlahad flodlcf«. 

Whlla oo rvldanca of noollnaarlty vaa found In th« praacnt atudyt 

thia*charactarlaclc fraquaatly occura whara St reprcaantlng tha 

astraaaa of th« anzlaty acala ara locludad In tha traacaant grovpa. 

Studlaa imraatlgaclns ralatlooabipa bac%a«n aoxlaty and achlava- 

■aac a« a fuacdoo of  iaatrucclooal craacaaac varlablaa ara cicad 

by Cronbach and Snow (1969), and by Tallnadga at al.  (19M).    Rooa 

of Cha cltad atudlaa, hovavar, Imraatlgatad both aoxiaty and laduc- 

tlva va. daductlva nathoda »f InatruetioD.    It vaa Indlract arldaaca 

which lad Cronbach and Snow to tha taatatlva cooclualoo that anloua 

5a Blght profit aora fro« atntcturad than unatructurad Inatrutiu ual 

traaOMBta «hlla tha oppoaita night be trua for laaa anxloua 5a. 

This conduflon «fould appaar to ba at varlanca with tha azparl* 

■aotal finding» raportad hara alnca tha thraa daductlva axporiaantal 

\J cooraaa «ara cartalnly aora highly atrocturad than tha thraa Indue» 

tlvo couraaa. 

z 

If, bowavar, ona aaauaaa that tha high anxiety group In thla 

azparlnant waa really a "nlddla" group «hen coapared agaloat abao- 

lute atandardij,  than the reaulta of the preaent atudy appear aora 

coaalatant «1th the reported literature and «1th common aenae expec- 

tatlona.    Beceuae of curvlllnaarity of ragraaaloa, both extraaea 

of tha anxiety dlatrlbuclon should perforn better under structured 

condltlooa «hlla the alddle group should be at the optlaua arousal 

leval to both profit froa the freedoa and cope vl;!» the eablguity 

of the lese atructurad altuatloa. 

In suaaary. It auet be eeld that there la little in the pub- 

llahad Iltareture which either detraete froa or lenda credence to 

the findlaga of the preeent atudy.   While the conelat&ncy of the 
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obi«lr»d  rc'.ulta arroaa dlfferrat trtataant  condltloiM  lncr«M*a 

onm'm conflilrnc*  In th« "itat tat leal  ■iKnlHcanca" of  thmm, only 

future  rrpllratlon can IH> «l^paodad upon to «atabllah th« rallablllty 

of  th»  rr!atlonahlpa. 

C,      Stattwttcal vcrawa Practical Significance 

The  atat tat leally  aUnif leant  flndlnaa of   thla etudy  re«uK«d 

fro« quit« MMII waa «cM«y«—«t dlffrrancsa produced by diffavtac 

tnatructtonal traataanta.    Th« aaialtud« of th««« dlff«r«nc«« waa 

claarly not  aufflclcnt to hav« any practical lapllcatloa for Navy 

tralntntt prograaa.    If th« obaarvad ralatlooahlpe vara to atand up 

uadar  field condltiona,  aoae tralnin« effectlvcaaaa gala could b« 

•xpected.    Th« coat of  taplwaaatlnf two altamata veraiona of every 

•Htatlnji coura«, hovavar, would far awr« than offaat thia gala. 

It auat b« concluded, therefore,  that th« rcault« of th« pre- 

acat atudy have not b««a of «ay iianadiata practical «igalflcaace to 

Navy tratntnx problcaa.    TM« coacluaioa ahould aot, however, be 

taken aa an  Indlctaaat of  th« entire  leantin« «tyl« concept.    Rcatarch 

in thia field, although prolific, haa not yet bacoae ayateaatlc. 

Invaatlgatora cootlou« to b« aurpriaad by the resulra they obtain, 

aad new and potentially talevanc paychologlcal paranetara are aereo- 

dlpltoualy unearthed with ragularlty.    Th« difficulty dlaaaaloa, 

for «xaapl«, ha« not yat b«en th« aubject of a eiogla controlled 

caperiacnt.  although th« flading« of aeveral inveatigatora citad 

earlier auggcat It aay play a critical rol« ia laamlng «tyl« 

r««««rch. 

Slallarly,  th« inatruaenta uaed to aaaaure potential correlate« 

of learnIna atylea hav« all bee« davalcpod for different purpose«. 

No atudy known to th« author« of thia report haa even goo« «o far 

aa to cxaainc Individual teat itaa« la thla coatat. 
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At tht pr«»*nc tin«, rtacarch la th« la^mln« «tyl« arc« h*m 

productd «tatUtlcally algnlflcant findings. M«*n •chl.rvramt dif- 

ferences in so*« of these studies m»y  even luve been of sufficient 

site to have practical value.  Still, It Is not knovn whether these 

findings would ytjnd up under replication — wuch lcs% whether they 

could he generalised to different subject aacters snd different 

student populstlons. Much aor« research aust b« don«. 

While the findings of SOM recent studies hsve not beet» parti- 

cularly encouraging with respect to th« eventual prsctlcal utility 

of Indlvf vtallslng 'nstmctlon to aatch learning styles, th« next 

generation of rcssarch project« «ay very veil prove far «or« note- 

worthy. It can certainly L« «aid that auch has been learned about 

how to conduct thin typ« of study, and th« eabarasslngly frequent 

blunders detectable by hindsight should not recur. 

D.  A Methodological Wot« 

A nuaber of authors raporting research In the srea of learning 

style« hav« used correlational data to teat hypcthesea regardInf. 

Interactiona between learner characterlatica and treataent variables. 

Where differences between predictor-criterion correlation« have been 

found as a function of treataent dlffereocee, aeanlngful Intersccloos 

have been cUlaad. 

Other authors, notably Croobach and Snow (1969), have been par» 

tlcularly harsh In reviswins studies reporting correlational data. 

In discussing a study by Saith (1962), for ezaaple, they dcacrib« •« 

**« aajor fault" the fact that "correlation« rather than regression 

•lop«« are Interpreted (pp. 90, 92]." Thty further deeerib« th« 

«tudy aa "a particularly diatraaaing «xaaple of a painstaking and 

laborioua «xpcrlaent rendered wortbleaa by faulty analysis (p. 92]." 

In th« aaaa report, Cronbach and Snow aaid of th« precursor 

to th« study reported here (Tallaadga «t al., 1968) that "th* unavall- 
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abilitv u(   rntrr^tion data  (or slntle aptitude <arlablaa aakas ^. 

datailfd  Interpret itUn  lapoaaibl« at  thla tlr«.M    This ■ tat «act 

did not  a«c« rnttrcly credible and a declalon xaa Ba<j« to  Invetcl- 

»^te  the   {««ur. 

Tlir absolute valuea of  correlation or regreaalua coefflclenta 

are not  of   primary concern   In  interaction atudlea.    Lather,   dilfer- 

• rrr» hiftwrm piir» of  th«a« variables are the Item of  critical 

concern. 

When tent in« dlflerencea between correlation ccef ilclents. 

Fisher'« .-'  tranaforma:;^^ li used t= n.-rrsallte the data.    Wh«n 

correlatlooa arc saall,  however,  s'  la very close to It* correspond- 

ing r and (.*:'    - s'  )   is even closer to (r    -'*,)•    Sines this type 

oC research  la generally dealing with both relatively snail correla- 

tion« and relatively snail differences between correlations,   (r1   - r.) 

Is highly correlated with the statistical slgalflcancc of the dif- 

fersacc.    With N    • h    ® 53,  for cxaapls, a correlsttonal difference 

of  .19 Is requlrt    for statistical significance ip <>  .05) when corre- ^J 

latlon coefficients are equally but oppositely different  fron tero, 

as opponeU to a difference of   .37 when one of  the correlation cocffl- 

clsnta  la tero. 

While visual   inapection of difference« between correlation co- 

efficients can yield close approxlnatlona of the ■eaalngfulncsa of 

these differences,  the saac  is not true of differences between re- 

gression coefficients. 

Tli« fornula for a regression coefficient, b.  Is 6 • r ^4*   where 

r • the correlation coefficient» fly • the standard deviation of Che 

criterion score, and rx - the standard deviation of the predictor 

■cor«.    Assuaing a difference of, say, +.10 to -.10 between predictor- 

criterion corrrlatlxB coctiicienta as a function of different  Instntc- 

tional treataents,  it la easy to see that this difference can appar- 

i-ntty be naitnifled where criterica score variance (**•/) exceeds pre- 
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ÜV Otctor Bcor« varUnc*  («x')  and dlttlnlahvd when yrcdlctcr acot« varl« 

anca ticecda criterion acorc variance.    A few exaaplira  fro« the 

preaent  atudy will help to  illuatrate  thla point. 

The  tyaenck  Lie acale yielded criterion correlation» of   -.09 

for the Celestial Navixatloo Inductive Undcratandinit treatment  and 

4.01 for the Celeatlal Navigation Deductive Rote treataent.    The 

«■all difference between theae correlations w«a obviously aaaaingleso, 

yet the difference between tha correapoodlng regression coefficients 

(-.43 and 4.05) was aislcsdlngly large.    Tha critical ratio for this 

difference waa only  ,11.    Similarly,  tha  16 PF More Intelligent 

scale pi xiuced crltarion correlations ot   .15 and  .34 respectively for 

th« Celestial Navigation Deductiv« Understanding and Deductive Rote 

treatment groups, while tha corresponding regression slopes wars 

.97 and 1.88.    Again, th.'t seeming large difference waa not atatis- 

tically significant (critical ratio • .2!»). fl 

An opposits kind of relationship waa found for tba Kudcr Seien- 

|j tide scale which produced criterion correlations of  .52 and .08 

respactlvely for the Celeatlal Navigation Deductive Understsndltc 

and Aircraft Recognition Inductive treatmsnt groups.    The iin%: dif- 

farence between these rorrelatlons appeared to he ■'^eanlnaful nnd was 

found to b« statisticAlly significant.    The email difference betvean 

th« corresponding regression coefficients (.33 and .05) waa aoc 

apparently noteworthy, but it, too, was found to be statistically 

ai«nifleant (critical ratio • 2.42). 

Theae few examples should naka it abundantly clear that difCer- 

«Dees between correlation coefficient« are far eaaicr to interpret 

than differences between regre-isloo coafficienta when standard devi- 

atlona arg not preaantede    lodead,  th« only tine whet, rcfreaaion 

coaff icienta can yield information which la prlma facia «or« meaning- 

ful than correlation coefficianta la whan th« trratnant ha« a signi- 

ficant affect on tha variance of criterion «cores and th« variance 
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of  predictor  »core»   la   Identical to  that of criterion acorea  (both 

group«  pooled). 

Since the rcareanlon coefficient, b, cqiuila r r&   and «Ire« •• 
3X 

should not differ  fron treatment group to treatacnt group (••■ualn* 

randoa aaalgnaent of C>»), only difference«  In f., could enhance  th« 

■«•nlngfulncaa of differences between regreaalon coefficient« enrev 

difference« between correlation coefficient«.    Such difference« in 

siy'n could certainly reeult fro» difference« in Instructional treat- 

ment«.     It ha« frequently been claiaed, for exaaple, that «mall «te^ 

programmed  Instruction reduce« the effect« of aptitude differences 

obecrved following conventional or area large «tep prograaaMd in- 

struction.    While existing evidence uay not be sufficient to support 

this hypothesis, few psychologists wovld question the potential of 

any instructional treat-vent to affect the varUnce of achievement 

scores ss well aa their mean. 

A* long as the possibility exists that Instructional treatment 

conditions may affect the variance of achievement means, this \ied of 

treatswnt impact should be carefully investigatcd and reported. 

Such differences are potentially more significant thru differences 

between mean achievement scores which may ba due to many extraneous 

factors (e.g., the deductive course writer was a "better** teacher 

than the inductive courss writer). 

Aa has frequently been the case, the theory Chat something 

be — and Its existence in fact — did not coincide as far as data 

from the present study were concomad.    Correlations were computed 

(and are Hated below) between the critical ratios of differences 

between a* tranaformations of correlation coefficients and the criti- 

cal ratios of differences becweer, corresponding regression coeffi- 

cients for the following groups > 

n     Celestial Kavlgatlon Inductive Understanding va. Celestial 

Navigation Deductive Understanding (i* • .93(8). 
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•     COUJ'UI NtvlMiloa Inducti/* t'ndtrttandlnt v«. C«l«stLsl 

NavUatton Inductive Rote  (r •   .020). 

o     Ca'.eatlAl Navlgtilon  Inductive Kot« v«.  C«l«atUl l«**U«- 

tloo Deductive Rot«  (r -   .6998). 

o     Crlcatial Kavifation  Inductive Rot* »••  Aircraft  Rfcofoltloii 

Inductive (r " .9866). 

f n    Calaktial Rrrlgatioa Inductive Kot« vs. Aircraft teretalcloa 

f Daductiv« (r • .9763). 

I o    C«U«CU1 Ravlfatlon Dedoctiv« lot« *•. Aircraft lUcotaltion 

» Inductive (r - .9S69). 

6 

r 

. 

o 

CelMtial Vevigatlon Deductive Sate v«. Aircraft lecofnltlon 

Dwluctiva (r • .9227). 

| THeec data indicate that correlational diffcraocca, which right 

ba labeled by Cronbach and Snow aa "worthlaaa,* account for at laaat 

81X, aa auch aa 97X, or an average of 69Z of the variance of statta- 

tics «hich aeet their criteria. 

Exaaining data fvo« thia atudy'a praenrMt yielded highly 

aiailar reaulta.   Tht  following corralationa were obtained between 

er'tlcal ratio« of a   and regrcaaloa coefficient difference«: 

o      r • .9331 (Tvjnaportation Technique Inductive v«. Trane- 

portation Technique Deductive), 

o     r • .9768 (Transportation Technique Inductive v«. Aircraft 

Recognition Inductive), 

o     r • .9889 (Aircraft Kecognitioe Inductive va. Aircraft 

leeognition Deductive). 

One auat conclude that correlational differences are at least 

highly related to the ultlaate "truth" (as defined by Cronbach and 

Sam») of differences between regression slopes. 

One furthsr point «as aeationsd sarlier but is dsserviag of 

farther conasnt here.   It concerns the difference between ordinal 

sad dlaordinal interactions.   Aa interaction is diaerdinsl if the 

5J '      " 



n-trcattlon  lln.-   for  one trrata#iit  create* t)i«i   foe   «nothvr within 

tlir r-io^i' <>f   tupvr trmctl  ^cor»«. 

To  llir  st it t^l lea) Iv  «iophl«t Ir.itrJ ro.uJrr,   It   »Kiuld b* cfvioti« 

Mi.it   il   »«•.in  .ir lilt-vrtM nt   icorr» .tre  Idi-ntli.il   for  two  tre.itmrrt 

Kr»)ii<«i l»<t   ri-Kfvsilon  -ilope« are different  --  th»n any  Interaction 

•unt \H-   U^orJlrvil.     tf  the "tuin" effect of   any  rxperIscntal vari- 

nhlf  it JlfftTcnt   fro« zero, hovever,  th» tfttrrtmioii line« are  leaa 

likely  to croMB. 

An «MS pointed out above,  factora auch as tlie reapectlve teach- 

ing  »Villa of  different  course wrltera may produce between-treataent 

main effect dlfterencca which are eaaentlallr «rtlilclai.    Such 

•ata effect difference«,  althouxh artificial, nay change  Interaction« 

which would he diaordinal In their abaence into ordinal interaction«. 

For thla reaaon, care auat be exerciacd In InCerprecing reported 

ordinal   Interaction«.    They may be fully «a eeanlncful na diaordinal 

Interaction«. 

5A 
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Oti.-  Nt.itlnt 1« all)   «Unlflccnt and •pparrntlv  m-anlntful   lnc«r- 

«ctlun van  found   In UitH atudjr.     It   Involved  Irjrnrr aJJu^tmrnt  or 

• ruileCy   lovrl  and   liMtructlonjl »«thoda   In  auch a aaniwr  thjt   tht 

«or« anxloun   Svarm-r« perforn«d  alRmf leant ly better urvlrr  induc- 

tive  instructional condition» while the  leas anxious Irarnera p*r- 

(orscd  better under deductive Inatructlon«! coodltloos (althoush 

this  l*cter difference did not attain the P  «   .0) level of atatla- 

tlcal algnlficance).    This (nteractlve pattern «as consistent, 

slthough not necessarily statistically significant, for three of 

tha four adjustscnt-anxlcty neasures  included in the study for tvo 

subject Hatters and for tvo type« of learning (understanding and 

rote). 

Other "ntatietically slgnifleant" predictor-criterion correlj- 

tional dlffcrencoa were found when coeiparing different   instriK-tionai 

t"^ treataK-nts.    Bevaus« a large nuabcr of auch coaparlsona was «ada, 

however, and because no conaiatent pattern» could be detected,  these 

difference» were rejected »a probably not reliable. 

One part of  tha »tudy reported her» wa» an alnost exact repli- 

cation of part of an earlier study In this »eric» (Tallaadge et al.t 

1968).    Not one of the statistically aignifleant differences reported 

In the earlier »tudy recurred In thl» research, however.    The poasl' 

blc occurrence of • s'.wlent-teacher Interaction effect In the earlier 

study which could not have occurred in the präsent »tudy (becauae 

only one teacher wa» involved) wa» Hated a» the Most likaly, althouieh 

not entirely convincing« cauae of thl» discrepancy.    In any rase, the 

failure of thl» »tudy to confine the result» and conclusions of the 

earlier »tudy led to a aore coneervatlve and paraiMonlous interpre- 

tation of present study finding». 
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".«•»•t «I   'iwltt    tar«»  totrrl*t!i?« co«((tclvat«  »»♦r»  foaml  r»Ut~ 

m«   in>lt«iUual   diltfrriw«1 araaur»«  to crttrrtot» p^ttormmtct uivi«f 

• «nlv  on»  tri-al»pnl   cuntlttlon.     V*y cculJ  Dot,   htfw#»rr,   h« •cjclnc- 

tully   lutcrprrtvO,   and   It  w«a conclvJ«4  th-t   th*y  «iioulJ  not  '■« 

IncluJni   In «ultlple predictor ruapoalt*«.  alrhow«h iolm  »o wovld 

crrtalnl«  have   In« rvased  itha apporvnt  "acattat leal  •!< T'f lean*»" o( 

th« fioJintia. 

Vhll« the result« of thl« study ar« c-rcalmly Its« evcltln« 

than the reaulta of  the earlier aludy appeared Co b«t   It   la felt 

that  they will  stand up under repltratio« and,  consequently, offer 

realistic support  tor the hypothesis that likltvtdual differences la 

learaimt style exist. 
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A.       ^fciiii»TKt«t ten«   for   Pr»»»nt  Tr<lnln^ 

It h»n b*rt\ mt*t*4 «larwhvrc la this report  thst the research 

flndlr>^« v*tt not of «ufficient «*«nitud# to cwppurt  tho cost- 

effect Ivvocas of   ladlvlthMllxing Instruction oa th« basis of  Icarn- 

lAt styls 41f(wr«acca.    Statistically sltalficaat relationships be« 

tws«a learnsr soxiety mod tsschlog methods ver« found,  bewrver. 

It Is not laprobabla thst these relationship« could be profited 

fros in th« usual classroo« sattlnn.    Wheie, for «zaapl«, standard 

•xpository techniques srs not iuasdiately successful   In producln« 

the desired leamimt for a significant untmr of students in a 

class, switching to «a InductIv« Instructional sod« aiftht represent 

th« optiaua strategy. 

Even this r«coac*adatioa is difficult to support if it  is 

aasuaed that SOM cost is associated with it« iapl«B«atatioa.    The 

research reaults produced to data have siaply not h««a suffirientlv 

clear-cut or convincing to offer a strong arguacnt tsvertng any rins 

of change to present instructional practices. 

S.     »eco—endation« fcr Ftotar« I«««arch 

While th« results of th« present study srs not particularly 

laptcsslve, th«y «re based on • conservative analysi« and interpreta- 

tion of th« data.    Th« «tody should, therefore, be considered aa 

supporting th« foaecpt of leaning styles eve« though the size of 

th« observed effects «aa eubstcstially lest« thaa had been «upected 

oa the basis of «arlic* reacarch (Tallaadg« eC al», 19M).    further 

ireh should, and cartiilaljr will» be undertake«. 

Oa« negativ« finding of th« prcaeat study, naaaljr that aeither 

subject «attsr nor typ« of learaing «ppaarad to b« related to learner 

characterisetea by instructional aatbods interactions, apparently 
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nritatra thr potential utility ot   furthc.  lavtctlgaLlon of   the»« 

variabler*.    W lie  the tuthor» would not accept this poclclon In the 

abaence of  replfcntlcn or otlicr reacarch apcciflcally concerned with 

subject natter variables,   they would concur that  Invest Ijtat Ion» of 

leerner-cente.ed variables appear aore proalslPR at  the present  tla^. 

Nearly all renearch la the learning styl« srsa Ka» cs^iloyed 

individual differrnca Measures developed for other, usually specific, 

application».    While  those studies which tested hypotheses about 

'iptlttxlf varliblrn have been well served by such  Instrusents,   studies 

< onrerncd with noncoitnlClve learner characteristics,  especially 

pcrsunallty varlAbles, hove been less fortunate,    for the aost part, 

studies of the latter type have been exploratory rather than 

hypothesis-oriented.    They have produced statistically significant 

finding» with at leatiit the saac frequency aa aptitude-related studies 

but have been difficult to Interpret, and especially to covpare, 

because of possible nonlinaarlty of regrecsloa, differences In "class 

•edlans" between studies, sod other contaalastlng factors. 

It is the «uttiars* Lellaf  tJ—t Ztz =^st rl^nif 1<*«nc  future 

developaents in the learning style area will Involve noncognltlve 

learner characteristics.    They alao believe that specially developed 

■caauriog instnnenta brsed either on Itai analyses of existing 

tests or on specifically foraulated hypotheses will be sost likely 

to produce aeanlnxful results. 

Rcswick (1969) ha« recently pointed out certain parallels 

between the learning style research reported by Tallaadge and 

Shearer (1969) and uamm of hi* own research on curiosity (Beswlck. 

1966;  1968).    He has suggested that possible Interactions between 

intrinsic aotivatlon (curiosity) and the conditions of  Instruction 

■ay be attributable to "conceptual conflict" with both subject asttsr 

and instructional awthod acting as aodaratoi variables. 
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ArcorJlnx  to  Be^^lck't  theory, ."• hltH t-o tn« curloaitr  ccr*~ 

tlnuua will  hv i><.i.uU*lv »otl/at^l  by  Intt rue t tonal   trvata^nt   ccwvJl- 

llon»  Muh  In  "conceptual   conflict"  —  ccnd Ulcn« wMch »lithl   l«« 

dctcrtbnl «s  Intellrctujlly  cii.i Urn« 1 n<  — ami netat'/elv inottvjtH 

by  lav "conceptual  conflict."    Th» revera« pattern wcild  be  predicted 

for r«  luw In CurtoMlty.     Clearly,  relattonahlp«   »etween conceptual 

conflict and typ« of   learniue.  typ« of subject natter,  ind »«thod 

of   Inatructlcti would not  n«c«aaarily b« unidirectional»  and t'ie 

latter variables could   Interact  In nany ways to affect  the concep- 

tual conflict of an Inatructlonal  tieatnent. 

Bcawlck's hypothesis r«Mrdln« the Motivational effects cf con- 

reptu^l  cunfllct on .')i high and low In curlonlty would rendllv 

acquit (or the result« observed by Bunderson (1969) and by Burton 

and Coldbeck (1962) as • function of trcataent difficulty differences, 

further Investigation nlgbt reveal other apparently conflicting 

results uhlch could b« «xplninod by his conception of curlosltv. 

Whether or not Benwick** coaplex fonulatloa of the learnlof 

styl« Issue proves valid.  It  is the kind of theoretic* 1 approach 

which tb« authors bellcv« holds pronlse of  leading ««entually to a 

reaolutloo of the mtay still unanswered questions.    Th«y feel  It 

1« now clear that slnpi« solutions will cst be found *«nd that, unless 

research Is destined to temx specific hypotheses, such efforr will 

he wasted In speculation over th« nsny secnim Inconsistencies in 

the research literature. 

I. 
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CFU^Tl/U.  NAVICATIÜ»   IKDCCTIVE LTtDCTSTAXmHC CCVXZl 

I 
i 

Wtirti   l'm itt.itxilnR  at   lh* K^.itS  Fol».   nt  wK4t   nltlttidf will 

i'nlariM .ippr.tr  jlx-v«-  the hoilton?     Right,     It   la 90 drgrr««.     And 

i trivat   IN   thr   Utlludo  of   th« North  PoU?     RUht,   it   Is  «lao  W 

dritrrr«.     W)i#n   I'm atanding at   th« North Pole,   how m*\y drfrre« mm 

I   away  (roa tli« point  on earth directly beneath Polarla?    Kinht.   I 

•■ aero dexreea away.    Whea I a« atandlo« at the equator,  how m»ay 

detrcea la folarta above th* horltoat    lltht. It  ia right oa th« 

horlaon or tero decree« above it.    What i« th« latitude of the 

equator?    Rlftht,   It   la  tero degreea.     Now« — how aany dexreea awar 

froai th« point en earth directly bene-ath Polarla as I when I  aa «taod- 

in« at  the equatorT    Well, if I'm tero decree« «way whoa I'« atandlaf 

at  th« North Pol«  (and Polarla i« 90 denreea above th« horlxon).   the« 

wh«f» I'm ataodlnit at th« couator  (aad th« altitude of  Polar!» la 

t«ro d«ftrcea and my latitud« la t«ro d^freea), how far away am I fro« 

the North Pol^T    Isn't that th« •«■« ««Istaoce I am «w«y fro« th« 

point directly beneath PolariaT    tlghc, Mh«n I aa ctandln« at th« 

equator, th« altitude of Polarla abov« th« horiton la tero drgr«««. 

my latitud« la tero degrees,  ard «y distaac« fro« th« point oa earth 

dirrctly beneath Polarla is 90 degreea.    There'a a rclatioaahlp her« 

b«tw««u th« neasurad altitude of Polarla abov« th« horiton aad my 

distance fro« th« point directly baMath Polaris, th« HocCi Pol«. 

Forget about Latitude for a alnut«, who can tall m» «hat th« ralation- 

ahip taf   lltht, ay distance fro« th« North Pel«, or th« «pot direct- 

ly beneath Polarla ia 90 degr««« aind« Che aeaaured altitude of Polaris 

above the horiton. 

* Thia inductive courae waa deaigned Co «liciC and r«act to atvdenc 
reaponaes.   The word, "Highc,** is uaed h«r« under the «aaoaption that 
at laaat one student answered th« pr«c«ding questioa correctly (aad 
puaxled expreasiona did not appaar on Ceo aaay facea).    The entire 
«oaoloque fro« Chi a point oa would haw« been differeac if Ch« queetio« 
had not been corrccdy aeswered. 
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When I «a ataadla« at th« North tolm,  Polart« la 90 degr««« 

abort- th« horltoa. Thl« wmnm  ttut «hen folarf« la 90 degrcaa abev« 

ttt« horizon, t aa x«ro diRr«e* «««y frr« the apot dirtctly und«r- 

«•ath rolarla. If I as atatxllng at th« Equator. Poiarla la t«ro 

«lc«r««a abov« th« tqjator, but I aa 90 d««r»c« »**y from  th« apct 

directly baacath Poiarla. ReacaiMr, th« latltud« of th« North Pol« 

t« 90 dc«r««a north. Tha latltud« of tba tquator la saro dagrcaa. 

Aay placa I aay ha la th« Kortharo Baalapher«, I caa find ho« may 

dagrc«« I aa «way fro« tha Notch Pola by aubtractlo« ay latltud« 

fro« 90 dctraaa. If I aa at th« North Pol«, I aubtract ay latltud«, 

90 d««r««a, froa 90 d««r««a aad ftct x«ro d«gr«««. Tbla acaaa that 

t aa ««ro d«cr««a mmy from th« apot oa «arth directly hcn«ath 

Polaris. If I aa at tha equator. I caa aubtract ay latltud«, z«ro 

dagraaa, froa 90 d««raaa «ad find that t a» 90 degr««« auay froa tha 

■pat on «arth directly baaaath Polaris. If ay latltud« is 40 dctr««s, 

I caa subtract that froai 90 d«tr«es sad flad tust I aa 50 dagrccs 

saay froa th« NortU Pols, ths «pot oa earth directly beacath Polaris. 

Bow riaiafcsr that latitude la equal to the a«saor«d height of Polaris 

froa tha horltoa, so that to find out how far I sa aws/ froa th« 

point oa earth directly beneath Polaris, t assssre the heisht of 

Polaris shoes th« horlxoo and subtract that froa 90 degree«. 

O 
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CEIESTIAL RAVinATiOS INDUCTIVI ROTE COVtSl {_ 

Another njivlr.atlon problea vhlch w« will cover today has to do 

with riiHlln«; the true «ll»t«nce frca « specific location to the 

OoRraphUJI Position of a star, vhen you know the sltitud of tSe 

Htar. Suppose that the altitud« of Vena, swaaured fro« your loca- 

tion. IN 77 degrres. How far are you froa th« Cf of Vega? 

(Writ* the follouloK cxaapla on tha chalkboard:) 

Altitude of Vena - 77* 

90*       13 
• 77•      « W 

13*      780 nautical mil«* 

So you are locatt  SO nautical «lie« fro« tha CT of  Vega. 

Let*« try another exanv «  Suppoae tha altitude of Pollux, aeaaured 

froa your location, la 84 degrees, 20 ninutea. How far are you froa 

the Cf of rollux? 

(Write the following on the chalkboard:) 

Altitude of Pollux - 84* 20' 

90* 00' 
- 84* 20' 

Since 1* - 60 aloutes we can write our probleu like this: 

89* 60' 5 300 
- 84* 20' a 60 ♦   40 

S* 40' 300 340 nautical »lies 

So you are 340 nautical alle* froa the C7 of Pollux. 

Let's look at one aor* exaaple.    Suppoae you aeaaure the altitude 

of Altair and find It to be 60 degreea, 14 aiaute*.    We can write 

probleu like this: 

90* 00' 
- 68*  14' 

Since there art 60' la a degree« we can writ« eur problea like 

C 
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CELISTIAL RAVI CAT IO« DtDUCTIVI tUTTE COUKSI 

ADOthtr oavlxatlon problm wMch w« will cover today ha« to do 

vlth finding the tru« dlatanca fro» a upeclfic location to the C*o~ 

graphical Poaltlon of a atar, given tha altitude of the atar. To 

fiord that dlatance you flrat aubtract the altitude of the atar above 

the horizon (which you would ordinarily neaaure vlth a aextant) fro« 

90 degrees, and then convert the obtained difference Into iwwtlcal 

■llea. Sufpoae that the altitude of Vega, neasured fro« your loca- 

tion, la 77 degrcee. How far are you frow the C? of Vega? Flrat, 

yon would aubtract 77 degrees fro« 90 degrcea to gee 13 degrcca. 

Tha next step la to convert 13 degrees to aaatlesl nlles. It Jaet 

so happens that 1 degree equalj 60 nautical nlles, so you would Multi- 

ply the nua&er of degrees by 60. So, 13 s 60 ■ 780 nautical nllss. 

It Is 780 nautical alles froa the spot where you neasured the alti- 

tude of Vega to the CP of Vega (which is the point directly beneath 

Vage). Let's Cry another example. Suppose you neasure the altitude 

of Altair and find it to be 60 degreea, 16 nlnutes. Lat'a look «t 

hew we do that. Ve can write our prob lea like this: 

90» 00' 
- 68* 1»' 

Since there are 60 alaatas in a degree, we can borrow a degree 

froa 90 degreea and convert it to 60 ainntes. low our problen looks 

Ilka thist   89* 60* 
- 68* 1»' 

IT 46» 

sad wa can proceed with oar subtraction to obtain 21 degrees, 

48 aiaetaa. Since 1 degree eyala 60 nautical ailaa aad 1 aiante 

agssls 1 nautical ails, Co caaverc 21 degreea, 46 alaatas to aaati- 

cal ailaa, wa siaply nultiply the a—fcat of dagraea by 60 sad then 

add Co ChnC tha auabar nf aiautee. 21 a 60 ■ 1260 aad Co that ws 

add 46 Co obtain 1308 nautical ailaa, «hirh is the distance froa 

oar location to the CT of Altair. Too subtrset the altitude of tha 
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Factor* Laboratory 
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■ •     n—yhf, ia t),c fourth la * acrle* of rcaaarcfa project* SlaSi at d«t«ralalat    '~~ 
whether laarnlng might be enhanced by «Mploylng lastructlonnl aathoda which differ ia 
design and aaa a* a function of learner charaetariatiea. Baaed on iafereac« dravn 
fron    Studie* ia thi* acriea and other reaearch litaratara. a aodel waa developed an* 
•bliag the ainultaneoua exanination of the effects of learner characteriatica. type* 
of leaning, inatructional «athods, and auhjact nat-er variable* on ■chievaaanC. 
Each of alx experiaentai course* wa« adniniatered to h—wenn §9 and VflUvf ealisted 
awn vho were previously teated with tnatraawat« which yielded a total of K aeaaare* 
of aptitude,  intere*tr and peraooality characteriatica.    Correlation and re|ras*iot. 
•nalyae* revealed aio cenaiatent and Meaningful Interactive relatloaahipa «niatiag be- 
tween learner characteriatica and type« »' l«erning or type* of anhject natter^Theea 
analyaa* did, however, reveal an apparently conalatcnC and SManingfnl iateractlA* be- 
tween learner anxiety level end nethod of inatruetion (inductive vs dadnctiw«)« MUle 
the Magnitude of the observed relationship was net aufficisat to give pronlae of iaasa- 
diate practical application, it waa concluded that the research snpportsd the extat- 
ence of individual differencea ia learning style. 
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