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CHAPTER I 

Ilfl'RODUCTION 

Or1entat1on ot the Problem 

An 1.mportant duty ot the claaaroo teacher 1 to atruo• 

ture learning ct1v1t1e 1n such a wa1 that tudenta will 

1n1t1ally l arn, retain, and ua the r sulta of thee act1v-

1t1 a 1n their daily l1v1ng. The ett1o1ency ot var1oua 

tnetruotional tbods baa often been valuated 1n ter a ot 

thee or1t r1a. 

The thoda mploy d 1n organising and prea ntlng the 

courae content may determin to lar e exten the 4 gr e to 

which iudents understand and are able to tran fer the tacts 

rut pr1nc1plea which thaJ learn 1n school. Logioally, it 

eema that teaching metboda should be baaed upon the pr1no1-

plea of learning that have been established 1n the psycholog-

ical labor tory and that have been experiaentally teated 1n 

the o sroo . Pract1e lly speaking, however., ther ee to 

be too 01' controverai land contualng d1rect1ona wh1oh tac 

the d1ser1m1nat1ng t acher who w1ebe to otter the bat 

teaching possible . Por example, one ma1 t1nd upport tor 

teaching Mthod that involves highly direct and detail d 

1natruct1on. Through th1 thod. the 81.lbJect ter1.al 1 

presented to the atuden~ 1n gr a detail. The teach r poses 

l 
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problems and proc da d1r ctly to the task ot solv1ng the 1n 

tep- by- atep taah1on. The atudenta have l1ttl or no 

re pona1b111ty to discover thoda of solutions or principles 

involved 1n the solution. 

In arguing that th te cher should ut111z a 41r et 

ethod of 1.natruot1on and that erro;ra 1n learning ahould be 

h ld to a m1n1mum, Thorndike ta teas 

Th tta1nment ot active rather than passive 
l arn1ng at the cost ot practice 1n error 111117 often 
be a bad bargain. Refusal to supply 1nforma t ion on 
the ground that the learner will b more profited DJ' 
d1acov ring taota b7 hi elt' runs the risk not only 
ot exceas1ve time cost but also ot strengthening of 
wrong habits . The learner• sel1'-pun1ahMnt when 
he •kea a 1atake may oMt1mea be no better than 
the punishment in our experiments . The al most uni
versal tolerance of imperfect le rn1ng by gradu l 
el1m1nat1on of errors 1n later treatments , ta prob• 
ably unsound and certainly r1 Jq. What removes 
rror 1n later treat119nta 1a the rewarding ot the 

right connect1ona , and auch1reward1ng might be 
b tter put to woxsk e rl1er . 

H1lgard, et . al. , conclude on the basts ot an experimental 

tudy deatgned to evaluate a mor1zat1on method and n under-

standing thod that whatev r advantages of learnlng the 

und retand1ng method may h ve , could be otraet , b o u e of 
2 the reater mount of time required 1n this way oft aohlng. 

Oth r educators believe in a d1rected-d1acovery ethod 

lE. L. Thorndlke., The Payoholog.y ot Wanta, Intereata., 
Attitudes (New York, 19'35T, p. 141. -- · 

2E. R. H1lgard., R. P. Irvin, and J . E. W1pple, "Rote 
Memorization, Understanding and Tr nafera An Bx.tena1on ot 
Katona•s card-Trlck Experiments," i · Expert ntal Paychologv, 
LlV, 1953, p . 288-292. 



ot 1nei~ct1on wb1ob place gre ter ;reapone1b111tJ upon 

the le rner to participate ct1vel.7 ln the learning att -

t1on. Th1a method cir wa tte aupport tro• ·OO 1t1ve theor1 • 

ot leal'n1 . wh1c;,h re 1.dentl.tted w1tb ge talt p91ohology. 

'l'~ough th1 •thod, 1natnct1on cona1 ta pr1mal'11.¥ or poa-

1ng 1ead1 ciueat1ona,, provtdt.ng cue pattern, nd provtdt.ng 

auggeet1ona ao that the a u e.nt 1• lrected to the · 1scove17 

ot pr1nc1plea and relatto 1pa ~bl'ough the phen,o non ot 

in 1ght. 

Resea~oh evtdenoe on the dlr ct-a -det 11 thod of 

in truct1on ahows cona1derable var t1o . At one extreme 

th ewdent,, 1n Dewq*a worda, "beoo I a a . ct i;or" a . the 

t acher present., bl.a rig14,, bS.gbl.y organised oouree con-

t nt. 3 Th student l1atene, take• notea, and ao•t1mea 

••rtzea 1.ntor tton 1n ordel' to be able to · 1ve it b ck at 

teat t1 • At the othel' end. ot the acale, th •tho4 1& 

cllreet-and-4et 1le but e,aphaa1zea a logical org n1ut1on ot 

materlala coupled wlth an atte t to rov14e n uncleratand• 

1ng ot the pr1no1ple tna tau t . 

aearoh ev14•no• on 1acovery raetho a ot 1.natruct1on 

l o howa wide r1at1on 1n meanl • ome :rea · l'Ob l'• have 

ua• the ter• to mean ur• and unaealated. d1aooVeX'JJ to 

others it na to eaploy var,1 egreets ot dlN ·tlonJ 

still others bellev• aoUMI b 1 ehould b 1ven ln dl cover

tng th aolut1on. 



The pre ent et\l · ts not cone rned w1 h evaluat 1ng the 

met ho t either ot the extremes. Instead., thod tnvol -

tng d1scov ry w1th d1rect1on will be oontraated with a thod 

that 1 ad.m1tt d.17 dlrect- nd-detalle - but which nonethe

less eapbaa1ees lo teal organ1Nt1on ot mater1 la coupl d 

with an atte.rq>t to provide nu derstand1ng ot th princi

ples under cona1derat1on. 

Det1n1tton of Ter 

D1rect-and.· Deta1led M thocl ot In tructton. ThS.a method 
. ·- . ------

ot 1natruct1on pr ent the eubJ at tter under cone1cler • 

~ion 1n det 11. The instructor aaau • th ma.Jor re pona1-

bil1ty tor the cont1nutty ot dev lopmentJ r 1ntorcell8nt 1a 

generall.J overt . cioeure 1& prtmar1l.J extr1na1c nd p~ob

le are aolved 1n a tep- by- atep procedur - prov141 

11ttle opportunity tor the learner to 41 cov r thcd ot 

solution or to ldenttty pr1no1plea and e eneral1sat1ona. 

The aubJect baa le a treedo . tor the eat bli hment ot 

broad.er mean1nga nd un eretandinga, due -t;o th nainut• of 

1da are 11181nq use to upple nt 

verbal 1ecourae and then only tter e¥ l1c1t direotto are 

prov1de in their interpretation nd use. In thia etudf. 

the 1rect- and-deta11 d thod wtll be referred: to•• Tr• t• 

Mnt A. 

D1ttected-P1 ooveq Metho .2l, Instruction. Tb1e •thod. 

ot 1natruct1on prov1dea greater oppol'tl.lnit;r tor student par

ttc1pat1on in the learning proo es. Students sh.are 1n the 



re pon 1b1l1ty tor the oontlnutty ot dev lopment a r tn

torce nt La indirect . Closure ta larg ly epend nt upon 

th 1 1V14u land probl m are pre ented tn such a way that 

there is oppor'l;tlnity tor 1 tvidu 1 solut1on, nd tor 14 n

t1f1cat1on ot the prtnc1ple and relationah1pa. Extended 

t1 pause a well as cuea . nd que t1on ncourage the 

stu ent to think w1th. greater in epend nee and tr edoa. 

When teae.htng a14a are provided ae suppl mcmt to the v r 

bal pr a nt t1on, d11covery 11 a .maJol' cona14e?'i t1on 1n 

their interpretation and uae. In th1a atudy , th d1reete4-

1acovery thod will be reterr d to as Treatment B. 

Initial Learnty. In this proJeot , 1n1t1 · 1 1 rn1ng 

refers to th character n exte~t to which the aubJect re 

ble to recall the prtnci lea, skills, n4 understand!. 

wb1eb we:r pre ented 1n the lessona . A ltiple- ehotoe 

obJect1ve type test 1a uaed to eter 1n the amount ot 1nt• 

t1al. learning a sur•4 1 d1ately a.fter treat nt . Thi.a 

t t 1a 1dent1t1 d as Te t I . 

'l'ran1ter. Tranar r occur when old learnLng nd. new 

proble a1tuat1on re interrelated becaua of common pr1n

c1plea, factor, t1mul11 or app11cat1ona . Prom the stand

point of education, tr na£er oentera aroun th •xt nt to 

which learning ot on thtns t c11J.tat a the le rntng ot 

10 thing • lae and to the extent to whlcb leamtng 1.n elaa .... 

room itu t1ona carl'1e ov r to live 1tuat1on outatcle th 

claaaroo . In thla tud1' , tr narer occurs when tud nta ar 

able to pply le rned pr1nc1pl in tbe olutton of w 
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proble a. The mount ot tr n ter is aur d by multlpl -

chole o'bJeet1ve tJpe teat , ad.JD1n1 tered 1 cUately tter 

tr at nt which 1s de lgned to ut111 e problems that t st 

tor d1vera1tled applicat1ona ot th pr1no1pl at ught 1n 

th lesson. 1.l'bia teat 1 14en ttied aa Test II. 

Ability vela . Thr ability lev la are oonatdere 1n 

thi work--h1gh., ver g ., and low. The h1gh b111ty group 

1nolud s tho ubJ cts having an I . Q. scor ot on hundr d 

n seven or above, the v r g b111t1 group those aubJecta 

having n I . Q. score ot ntn ty-tiv to on hundred and alx, 

and the low b111tJ group thos subJect 1th I . Q. cor a 

ot ninety- tour n below. The high, av rag ., an low l vel 

or int ll1gence w111 be r terred to a x1., x2., x3 r epec

ttvel.y . 

t t nt ot h robl 

· bile some stud.iea 1n ind\l tr1 l due t1on have round 

dtr ote -diacov ry tho to be sup rior 1n ret n't.1on and 

tran t r ot le rn1 to the direct- and-deta 11 d tbod ot 

1n truct1on,. no conclu 1ve net con Latent evt.4enc whlch 

upporta 'th1 poa1t1on baa been round. 

It 1a poea1ble,. how ver. that the ettect1v n as or the 

d.irected- diaoover, nd th d1rect-an -d•ta11 d hod 

vary with 1ntell1geno lev l . Por exa th directed-

di eov ry tho y be euper1or tor atu ent ot high nt 1 

ab111ty wh r as the dir ct- an4-d.eta11 raetno 1 prove 

more ff ct1v with verage nd low ab111t¥ groups . The 
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deaign ot th1a reae rch atudy 1, such ht th tfect1ven 

ot the metho a under cons1d ~ t1on 1 be ev l uated 1n t rma 

ot high, verage, and low b111ty group . In 1t1on to 

th t. ct that th r ha be n no consist nt ev1d noe which 

upport the eup r1or1ty or on ethod over the oth r , th re 

nave b en no tud1 tound in th search ot ltt ratur wb1ob 

co re th two method h n a tu ent 1s act . lly invol ve 

in a th ory nd laboratory type tnatruct1onal unit . An 

d.d1t1o l t atur 1 that h1s etudy util1z only nlor 

high school 1ndustr11 arts tudents as au Jeet . 

This study 1s d 1 ned to prov1 dd1t1onal res rob 

vi enc eg rdi the rel t1ve tr 

dir ct-and et 1led and dir eted- d1 oov ry 

a betwe n 

thod of 

instruction by util izing th instruction l cont nt found in 

a speo1t1o unit of auto t1v chanio . 

More spec1t1calq-, n atte twill be de to answer 

the fol lowing que tion in r apect to th pr oe41ng t t -

m.ent . 

l . What 1fterence , tt any, exist b tween the direct• 

nd-d tail d method and the direct d-d1 cov ry 

thod or te chlng senior high scnool 1ndu trtal 

rts tud nt r lative to 1n1t 1 1 rn1ng on ach 

ot the three 1ntel l1genc levela s l ote, 

2. What difference , it any, exist b tween the d1r ct• 

and-detail d thod nd th d1r ct d-d1acover, 

thocl of teaching enior high school in u trtal 

rt stu nt relative to tr n fer of 1 arntng on 



each or ·tbe tht'ee lntell1s;en.·ce 1evel11 seleet'iid? 

3. How do the aenio:t• high echoo.1 industrial a:rts stu.

dents eoJ~re on. ea,:.h of the thxaee :tntelllgenee 

levels selected between 1niti6.ll leeirnln; an.<1 tran.a

fer Q·f l.earnlng. 

1 .. 'fbere· are no c:lif'ferencee 1n initial lee~nt.ng, as 

mea .. iu,;,ed bJ a er1ter1<:nl teat gtven immed.iateJ.1· tol ... 

low1ng 1:n.struction.., on any of the 1ntell1genee 

levels (x1, x2., e:ri x3) or betw~e11. tbe treatment 

g;roupa (A, :a, ot1 O) comprlaed ot senior hit>h $¢hool 

111dustrial ar·ta ~tudents. 

2. There .are 110 difterenees 1n txian$:.fe:t1 o.t lear.ntng.,. 

a, measured 'by a erttel'ion test gtven tmmediatel.7 

following 1.nstructton., on any o:t the tntelltgen<1e 

lev,els (x1., Xs;a» or x3) or between the t;reatment 

groups (A. a, or c} comprised of seniPr hl;l'l .a.$hocl 

tndustr1a,l a:rt·s students .. 

3~ There are no dJ.tterences between tnitial learning 

and tran$ter of learntne; 1n the tlu:e·e treatment 

populations and the tbree 1nte.ll1gen<:e levels as 

measured by o:riterton teats ad::m1n1stered immed.1-

ately following instruction. 

In this chapte.r-., the need fott evaluat1ns the etr1c:Len¢1· 

of various 1nstruct1onal methods tma 111troduceds tbe spe· 

eialtzed ternu.nolog1es related to the etuay were de!'tnetl; 



the proble waa state J and th hypotheses were conatructed 

10 that .1tat1at1cal 1nterences might be made tter teetil\g 

the experimental dat . An overview of the development of 

the re inder ot this study tollows . 

The rev1ew of literatur pert 1n1ng to the etu~ 1 pr• .. 

. sente4 in Chapt r II. S1noe methods ot teaching would 

appear to have their toundat1ona based upon th pr1nc1plea 

ot learning., the literature related to those pittnciples wa 

selected in respect to the two methods under 1nveettgai1on. 

Th literature wh1oh was believed ~ob the most important 

1n reapeot to the 1nveattgat1on ot the two method.a la pre

aented under the tollowtns bead1nga in Chapter II: atruc

ture 1n learning., reinforcement ncl guidance, and proble11-

olvtng. 

Pollowtng the review ot literature, the reaearch exper

t nt 1& developed and x.pla1n d Ln Chapter III. In thia 

cha ter the des1gn of tbe experiment. populat1on and sampl1 , 

the learning ta.ak, the tr t,aen1n1, the 1natruct1ona1 aaethoda 

and mater1ala, the obJ cttve te ts, and th p11ot stud.J are 

developed and exa•tned. 

The f1rat part of Ch pter 1JI includes n eq,lanatton of 

how the re1 rch instruQlent 1n 1ts entirety ta validated. 

It cona1sta ot' the following d1v1a1on,u the tat1et 1oal u e 

ot the control g~oup, the test tor bomogenelt7 or var1 nee. 

the test tor d1aproport1on.al1ty~ and the th t1cal me na 

used to convert th 1nd1v1dual teat aco~ea to standard 

aoores. s1noe th individual scot-es between the 1nlt1al 
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leal.":n1:ns; and. the t:raniter of learntng tests wel,:"e .not eq:ulv ... 

alent., 1t was nee•ssaey to eonvert them to st,ner4 seo:res 

so that the me,an d1:ttereaees ot these 1,cor•, eoul.4 be sta

t 1st1eally tested. 

In the 1a.icond part ot Chapter IV, the results o.t \be 

analysie ot vartanee and tndlvidual t•teats are reporte4 tor 

each ot the three hypothe$es st.ated prev:tcttsly in th'is 

chapter. 

Chapter v 1nclu4ea the &U:Dtmary and. eon.el\uaton, of t.he 

studf. Th• ttrst pa.rt of' th1i chapteti 1e comp:rtsed of a 

review ,;,f the entire atu~ an.d 1.t e<>ntatn, tbe fellow:tng 

dtv1stons; the purpose ot the st11<11, a. irbatement. ot the 

h)tpotheee:,, tne experimental tleslgn., the poJ>ulaticn a.nd 

1am,l'.l.ng., the tl"eatrnents, the leaJl'nuig task.- the obJect1vt 

tests., an4. the ttn,U.ngs. 

The second part o.t thta ebapter, wh1oh ts eonc.utrnE:td 

wtth. ct:>n~lusion.s, .. 1neludes the following EJtlbhead1ngs: lim• 

1tat1ons of the study, .1mpl:t0atton1 :t:011 f\1rthei1 reseavch., 

and eduoationa.l bnplicattona. 



REVIEW OF LITERATURE 

one maJor purpose ot the review of the ltteratt.lre is to 

1dent1ty the principle& ot learntng wh1oh are concerned wtth 

the two methods ot teachl.ng being investigated 1n this study. 

A second purpose Ls to ase1at 1n drawtns out and 1nterprett:ng 

the concepts or und•r1tancitngs wh1ch W<>uld gt.ve di:rectton and 

aid in the development of th.ta s'bud:7. A t l\1rd purpose for a 

revtew of the l1te.rature is to determtne it th.ere are any' 

related studies conducted and 1f there are, to sel ect t1nd.-

1nss from these studies which w1ll aid and. support or refute 

the t1.ndinga of this experiJDent .• 

The ltterature concerned with the pr1nc1plea of learning 

1nd1catee that the maJortt1 ot wr1.tera and researchers tn 

education agree tha1i there is no simple eolut1on to tbe com

plex problem. ot how man learns. The great void which eepa

rates ed.uca t~on from an understanding of ho\'t learning 1,s best 

.aecompltahed appears to stem t11om the tact that the psyohol• 

og1sts working at the tronttera of their s-01enoe today have 

little interest 1n ped.agog1eal problema. 

Thorpe sa1ei 

11 



One of the IQOre a1ngul r featur of th A rican 
ooial acene 1e that the 17 tematic fcu t1ons 

ot educational proced.ur s are Jo 1.lttle Wlderatood 
that theory n4 edUcat1onal pr ct1ce coJ1U110nl3 are 
r garded aa having 11ttle or no relation to ach 
other. 1 

12 

rra t1ce1 1n education often have been launch w1thout 

adequ te 41reo ion trom paJchgJ.os,. TheorS.ea of laaml.ng,. 

wben pp11 'Qo edueat1.oJh bave frequently been aubmer • 

tnto •tbode which mereq ppe red to tb.o te oher to prcd.uoe 

~he beat reaults . 

Thorpe tve• the to11owtng explanation to~ this app,11:r ... , 

ent 1ntdeQ.\l&OJ in our duc•t1onal •rate ·· , 

cauae ira 1t1o 111 tbtf have be n a natton ot 
*'doers, ,. Americans have tended to look askance at 
t or t1oal conalderat1one. Thus 11801' t chers have 
been so imbued with the tdea ot "ett1ng thing• 
d.one" th t theJ bave been 1rapat1ont wlth theo·rt • 
ot learntng. Ialportant 1mpl1eat1ons ot the pro'ble• 
ot learning tbue have be n bJ•paea <l 1n ravor ot 
atereo-tn,e •thoda ot 1nstruct;1on. U the tech-· 

1que ot 1natruct1on aeeaed etteot1ve., it . • con-2 etdered by the teache:r as 1'ult1ll1ng its purpo e . 

Fro111 the previous comment.a, 1t appears that ne1th r 

teacnere nor learner · would be very a t1at1e4 with the 

Heults ot their e.tforts. 

O ae suggeeta th.at th te cber ue 4s to understand the 

th ories ot learning to guide, predict, and control the 

l arn1ng process and 1n addition, th teacher nee a to 

l 
Lc>u1a P. Thor · ml Allen M. scstuauller, Cont !19%'&!7 

Theories £! Learn1ps, (New York, 1954), p . ; . 

2 
Ib1 . , pp. 9- 10. 



\tnderstand and be able te applf the theo:rites ot teaeh1ng. 3 

Gage makf:Ul a baa:te d1atine'b1on between theort.es ot leal"ntng 

and theol"ies of teaoh:lng. He ea7e: "libtle the.o:r!es ot 

learning deal wit.h the way11 in wh1cb an o:rgan.ism learns; 

theo.12:tea of teaohlq deal wttb the wa11 i.ti. wh.1en a person 
4 . 

influence, an organism to lea.tin. '' Gage elaborat,u, upon the 

pl'evt.01.11 .et-atemen.t by t.n4t,at1ng th.at tile the.o:rleua et leain .... 

tns deal. with what the learner does~ bu1 ehanges in edt.uia• 

t1on. muat; d~pend in a l.aiig, pe.t'b up~n wl'lat the teaeher <ioea. 

Changes .tn now learners gQ abQut their bllsine.ss ot lee•ntng 

cuJQtui 1n reaponse to the b4!!havlor of their tetuJJ.ber.s or <>thers 

1n the edueattonal establ1abment. 5 

Pl"om tne prevteui read1nsa., tt appears that much of eur 

uow3.edse a:bo~t le.a:rn1ng ean he put into p:,aetiee onq bf 

teachers, tbai p:ractt.oa.l $pplteat1.Qna to11 teachtng have not 

bten gleaned trom th• ,heertetJ of learning, an4 that once the 
119pll~a1u.cn$ et leaintne;. have been tra:n,lated into 1rnpl1ea· 

tiene to:r the bebivie.r ot t,aober1, the tea<thers 'Will '-Ct 

\ip.on these 1n such wars as to 1snpr<>v• leal'lntng. 



making teaching more mean.1ngtul.,, the r·esearcher 11;111 faces 

tbe talk of' ttnd1ng out Just hew th.is can be don• •. 

14 

Brunel' auggeeta ihat_. "Oresptng ihe atru.ttrure or a sub

ject 1s und.el'atandtng 1.t 1n a wq that permits man, otsher 

tbiqS to be :,.,elated to 1t mean1ngtul3.¥. To learn structure, 
6 in eb.ott, is to le•rn how t.hlngs are relatled. n 

Br\lner ausseata that tour elatma can be made for tea<:h• 

1ng tl'le tundamental strue,ure ot a sub3ec1;. They include th$ 

f'ollow1ng: 

The first 11 that understan4tng of Bundaaentials 
makes a st.fbJe·ct more comprehena1ble. The &ec-e-n4 point 
relates to human meD10q. Pei,bape the moat basic 'tih.1ng 
that can be ea id about human :me11017 atter e centun, 
ot !ntenalve reaeareh, ls that unless detail is placed 
into a structured. pattern, t.t Ls rapidly torgotten. 
Deta tled ma te:r 1al · 1a 00111:Htrved tn. me111oi, b¥ tibe use ct 
a1mp11.f1e4 ways ot repreaentlng 11. Th1rd., an un4er· 
standing of tundam.ontal princ1plea and ideas, as 
notd. earlier, appears to be the min l:'oad to act.equate 
ut:ran3fer ot tra 1n1ng. n To understan4 sol'Jletbti1g as a 
spec lt1o lnstanoe of .a snore general ease":*'•Whlch ·· ts 
wbat understanding a mox-e tundamental p:r1ile1ple or 
$tructu:re meana,--1s to have learned not only a speo1fio 
thing but also a model for un4etstand1ng other th1nge 
like 1t$ that one :may e-ncounte.r. Th• fourth cla1tn 
tor: emp.baaia on struct;w.'e and p.r1nctplea. tn teaching 
1e th.il t 'b;r c4>n&tantly :re.•eum1nlng mater tal taught in 
elementaq and seeond.a.ry achools to1: it.a t'UndamentJl 
cbal"acte::, one ts able to nat.row tbe pp ttetween... 
"adVanced" knowledge and "elemantaey" Jmowledl;e. ·, 

!'he importance ot teaching fundamental structn.u,e t.n aw 

11ea111ngtul learning s1tua1i1on appear, to be unquestioned. 

6 
Jerome s. B:runel!', !!:!!. fr9ce1e of ltdueatton (Cambridge, 

1961), p. 7. 

7:tb14., pp. 23·2'4. 



!here 1.s some indeo1a1on, howeveJ1, 1n rtspeot to wnen the 

stweture ahou14 be »~01t14ed 1.ll tbe l.eaeon • 

15 

. In a l"eeent expe.-t119at, AlUn.tlJel. .tound tha·t s'budent ))el'• 

i'ormanee is increased. l)J'· pr<>vUU.ng ,tructu,;e het'ort the 

learn1q bagina.8 He eq:uatea two sroups ot eoliege ,~tors,. 

maJoJ.itng in eduoatl.on. on the baals of an tlQlrninat1,>n 0.vel:' 

pJeev1wa leal!'nt.ng. One pou;p was assl.gn:ed to an •a4vanee 

ol'gan1aer'' group and. the otlltH' to an u:h11to»lcu1ll 1.ntJtod.,u,~ 

tlcu111 SNlilp. Late: both poupa were ,.o a:hdJ •n. ai-ttole. 

ualtng 11ith metal.lurgtca1 propertl;es ot carbon steel. h1or 

1fo etuqtng this maJo~ a111itc.le, however., the adval\otd 01:gaa .. 

1ae·zt g:roup spent ,wo ·ttve-..mt.nute ,ertods ta ieading a passage 

lth1oh eet to)!l't)b t;he mtn. o.a.tegertea •f the major papett. 

imlf.iq the ••• two tive ... 111nute per.1ou, thft. hia'io1·1oa1 group 

read a aeleot1on on 1.be hlstor1cal evolution ot aetho4s ot 

Nk·tng Uon and atet1. A:r-ter these dttterent qrte.ntattone:,, 

'iota .groups 1:pent th1rt1··t1ve ms.n.utes tn att1td7icg the 'baslc 

papei- en ateel. Thl:ee a7a lat•r, l)Qth grou,- were given a 

v••• on the baate pa"'• The ad.vaiuiu.i4. oiiga.nteef.' g,-ottp 414 

11p1t1oaatl1 better on the test than 41.cl 1ihe h1stoi-1cal 

1atJ.1<114uctton group. 

Ia r-ee.,oet to t;.he a110t.1nt of at:Alclu~e aee4e4., Stephens 

ears t "Most ot the 11ne 1tben we oxpe1tieace anythtns. we 



become aware of' that thing as a pa.rt of a pattern or strue

ture. 09 Stephens eont1nuea: 

The pattern may be simple and prtmit:t.ve, as 
when we aee a aplo:tch of mud on a wblte wall, or 
1t may be extremel.J eomp11oated, es we become 
aware of pattern imposed on pattetn 1n a musical 
eonipos1t1on or other work of art, But., however, 
simple or eo,nplex., the pattern or structure ta .·. 
typ1eally an important part or the exper1ence.lO 

16 

,According to the adherents ot 1.estalt 1,s1:qbolou, or 

field ;eszcholoa, such as Kohler, structure or pattern ls the 

bas1o .feature of a.ll experienoe. 41 The strueture is e:xpert

emced f1rst, and the details are ftlled. tn latei', 

Stephens says that al.though some pattern la. bound to be 

nottoed at the outset ot any exper.tence, the most o'bvtous 

pattern is not bound to be the most 1nte~est1.ng or use.t\11 

one. He continues by auggest1ng that tn the development of 

atructul'e, sometimes the teacher can over"""evelop the struc

ture. Sometimes new material presented. eo as to emphasize 

an elaborate and important struoture proves no easter to 

learn than the same material presented 1n an arbitrary or 
12 rote faeh:ton. 

Newman ex.pertmented with this theory. He had students 

9John M. Stephenst.The F$JCholop of Clas$toom.~arntn1., 
(New York, 1965), p. 140:--

10.. • .. 
Ibid., P• 146. 

11w. Kohler, Gestalt Psychology, An Introduction to New 
conce2ta !!!, Modern K!YCholosz (New Yo:rk'; 192£11, pp. !5=3"0:-

12 Stephens, p. 147. 



17 

learn the meaning of the SJ'llbols 1i1sed J.n electxi1eal wiring. 

For some students, these symbols were grouped in a ve1!1f log1• 

oal patter.n. 0th.er stu.denttJ were g1ven the same symbols 

grouped 1n a helter-skel.te:r fashton.. The expe.11.menteiv eoa

par:e4 tbe two methods at two ditterent per1od.s ot tl.lne, elgbt 

and twelve -.inutes. For both time· peri.ods., the B'Uper1ortt1 

of the free-style (unstructured g:rou.p) was s1gn1t1oant over 

the organized (struotured) group.13 

In th1e respect, Ausubel 11uggests a moderate position, 

He eay.s, u, •• complete 1.ndepend.ent discovery, oven 1t rea

stble, is aelclom as e.fteotive a.a learn1ng with reasonable 

amounts ot help.,n14 He continuea w1th. the following explana

t 1.on of the 1mportanoe ot etrue.ture; 

:SXiat1ng cogn11U.ve structure (an ind.1v1dua1•s 
org&n1zat1on., stab1l1.tN, and clarity of knowledge 1n 
a particular eubJeot-t1eld. at any given time). 1s 
regaJl'ded aa the maJor factor 1ntluenetng the learn11l.s 
and. retention of .meaningful new matertal tn th1.s as.me 
t1e14. The propeJ"tlea ot eogn1t1ve atnoture deter
mine both the olatlty and val1d.1ty ot the meanings 
that emerge aa. new material enters the co1n1us.ve t1el4., 
aa well ae the nature of the interactional process 
that takes place. It eogn11'1ve structure is tiiable., 
elear., and su1tablJ organized, valid and umuab1guous 
meaa1ngs ••rge an41tand to l'etatn their 1nd1v1dual1ty 
aIUi d1saocta'b1l1.t7. · 5 

13 · · s. B. Ne.'WJlan, ust.udent Vs Inat.X'\Jctor Deatgn ot Study 
Method., n Journal ot Edueatiomq Pgcholosz.- 1951, IIL., PP• 328-333. . - I . . .. . . . 

" . . . . 

.· .. ·. . Dav. id P. A. u. sub.el, Th.e PslcltoloR ;2!. ~anUYifµl Verbal 
L,earn191 (New York,, 1963)>- p. R~. 

15.. . . . 
Ibid., pp. 26-21. 



Althouah most wr1teit1 amt Jtesearohe.ra conatdev stnc

tuie es betng an 1Jllpoxr'bant 1ngl'e41ent 1:ti tb<t 1eamtq p.J'Qc .... 

ess,, theJ do not. see• to be ab.le t() agree 'Q:,Cn 1be I.BWWl1 ot 

etruotur• l'Gcl.Uirod tor ettectlve leammg. .Pel'haps an 

answer to the eontl1et1ns amount1 ot· struttutt neeese.ai, to~ 

ette.ot tve learn1q may be found When the tel.a ii 10.nships are 

conatdere4 bet.ween atru,etu1e a:?d 1*>'11'Wl'tt1on. snnei, ;9e1a1u,a, 

1tructutte ,o mot1vatton in_ the tellowtng WIJ'J 

Teaeh1ng ape,e,1flc top1ca or lk111a lt1thO"Ut mald.q 
cleal' tbet., oonuaii .Ul the b.~ader tumta11t1nt:al a1,uo ... -
tu1e ot a t.teld ot kno-Wlt4ge le ·uneconomical in MV• 
ual 4e,,p seneee •. In th• f't,•t :,bee,, such teach1ag 
naakea 1t excee41nglJ cU.ttieult fQ:r, the atu<lent to 
genel'a111• .. t,o:m tthaiw he .,, lumftl t;o what. be w·111 
e-no.·oun.ter lat.~r. .In the.•e.con<l place:! lea:mtng that 
taaa tallen short et a pas» ot gen•r• prlno1p1ea 
baa lltt1e reward 1n tel"ms ot tntelleetual excite• 
ment. Wbe beat. wa~ to cr•te .lnt:•re:11 ln. a subJecii 
ts to :,ender it 110rt.h knowing., which means to make 
title kn~le<:lSt p med ue:a'.ble ln QM' s thtnk1ng. 'beyond 
tbe a1tuat1on tn wb.1eh the learn1q o"ourr•d.16 

As B:runer aeea 1t.t student tnte:rest ll\114 lnf.ttal moti• 

vet1on. mar be enhanted b,r prope:t* st.ruoturing ot the 1eason. 

lan7 thec,rtea c.<1noerned wtth aot1vation have been 

4.eveloped la reoenl rears. t.r.tte eontro.v•rs1es ttegal"4lna tbe 

p:reetse natn.are at mottva.tt.011 atem trom the change in the 

older 'theor 1es ot leam:u.ag. 

Seara and. H:11.prti iuggest some rea11ons fol' the tadefi• 

nite "•tt!on,. a.t ·tne present 1'ime,. :re.-xi<ltng ,be preolse 

na'iure or tne ata:liua ot motlvattoru 



The once dominant n.eed-d.r1ve-tncentive theory., 
inte,rp.ret1ng retnforeement a.a 4rive-reduet1on, baa 
been undergoing search1ng re-examt.nat1on. 'i'he 
drives usually studied (hunger, thirst, pain) were 
always treated. as aversive dr1ves., from whioh relief 
was sought; now the ''neglected dr1ves11 of' curiosity, 
manipulation, acttvtty, and achievement, which 
emphasize the positive side ot sometbt.ng sought 
rather than the negative of something to be escaped, 
have come to the fore.l7 

19 

Although much of the motivation itl done to get puptle 

into a s1tuat1on in Whloh learning ean ooc:ur., 1t would appea:i 

that snotl.vatton can 'be a strong infJ.ueAee throughout the 

entti1e l.earn1ng pertod. Prov.ldLng knowledge of results is 

an excellent way of tnot1vating students to apply themselves 

iO the task at band. In th.is way, a student's knowledge of 

. previous pertorma1nce would tend to make htm compete ap :Lnst 

his own reoord. 

Step.tlene says that when a student answers a q;ueat:lon 

tn class, the teaaber •a taetal expression may ,olearly tell 

him wheti,e:c hts answer ts right or wrong. It the student 1.B 

right he probably f'eela good and is motivated to the next 

learning step. If he is wrong, the teacher encourages him 
. . 18 

a'nd. he continues. Theae etmpl.e man1pulat1ve urges con-

stitute almost the aole eouree of motivation used 1n teaching 

machines and 1ntroduee the eo.ncepts ot retn.forcement and 

gu14anoe as 'tiheee pr1nc1.ples 1n learning relate to the two 

method.a ot tea.cb:t.ng und.e.r 1nveat;1gat1on. 

17.sears and Hil.gard., ed .• , B. R. Htlgard, p. 183. 

18 Stephens., p. 85. 



The 41Ne\•an4-detetled method o.t teaoh1QS as 1.t 1s 

def:J.Mti in Ch.apter l appea.r:1 to have 1.t$ basle toundattona 

wlthln tbe a•aoci1rti.e>niet.'1e and. ;,ehav10,:,1st1e theor1e& ot 

learning. Mill 1.ffll1eatee that meet ot the 1eiarn1ns. tbeorle:! 

w1thJ.n a.oa<leml.a paJ<mology have a 1t1-.iltua.res:ponse or:ienta ... 

t1oa, exoept tb<>eHe Qf a gestaltst origtn.. He· beli•vee. thit 

the:tie baa been tn .reoent Jea;ie an aoceptance .c:t tne betUtV1it;,:t:• 

lat& to the eogn.t.ltve and pu,poet.ve u,te't'p:retat!on.a trom tnt 

f1eld tbeoriea tJt learning. 19 

ln v1ew of th1e, mQd1t1.cattone. tn 1nterpretatrtcns Qf 

drive and re1aforoe.nt. appeal!' t.o be etgnlttea:nt bee:sruse the 

bebav.1or1ata ot early ,,u41 nave 1tre$,1;ed that the et.11ffljlua-

1te,~nse toimla •s~ t>e limited to pn7s1oal s:ttuatlons. 

the e',nphaa1a w•s <»n tondttiontns bJ eonttguitJ# thtc0 was 

eJttl"tn.ste tn nature. 

In oontrast, tM ptltHsent....tay bebf.lvtor1,ta, eppea.r to be 

more 1nterest•d tra, the tn.trtmd.o val-ue,. Sktnna~ $U!get1ta 

•o• ot the pro'bl&JGS anti the pQss1b1• 10,lutt:o,:i':ts in the fol~ 

low1ng p1urasraphs • 

Whether b7 tntent1Gll or ne'O•ee111 # t.oac.beria uvo 
been lO$S g1ven to . teadl.tng than to h~ldlQS. s,ud11nts 

, responsible for lUJ?td.:ng. Method• $Jlfl •t tll av~rstve,. 
Tb@ atu<lent looks, li1ttens, .. and a~ewers q,ue&tions 
(and tno:i<ient:17, tor.aet tmes learns) a• e gesture ,1t 
avoidance 01? eeoaJe. The bireh :rod o;r, eane are gone., 



but their place has been taken by equallJ" ettecttve 
punishments (cr1t1c11m, possibly l'tcU.e\lle; fa1lure) 
used 1n the aame wayJ the student mua, learn or 
elte.20 

Skinner cont.t.nuea with the foll.Qw1ng 4tacuaa1on: 

21 

current ettorte to use rewards in education abow 
the ea• d1rect1on. Tex.ta prniehed wlth ptctures tn 
tour colora,.exc1t1ng ep:t.aod.es 1.n a se1enttt10 t1lm, 
1nt•rest1.ng claaeroom aet1vtties-th.ese wtll make a 
ecbool 1.ntere.attng and even altracttve., but to gen
erate specU-lc forms of behavtor these thins» aust 
be related to ibe student•• behavior tn special ways. 
C>nl.1' then will they be truly rewal'dt.ng or, teebnS.calJ.y 
speaking, ffretntorolng." 'fbe marks, gradts., and 
<U.plomaa ot ed.Ueat1on aiie conditioned retntorcera 
designed to brlng uli1maie eonsequenoea closer to the 
behavior reinforced. L1ke piilzea and medals, theJ 
represen, the approval ot teaeber1., parents, ancl 
others, and they .,now compet1t1ve auper1ott1ty1 but 
they are matftl.¥ effective because the1 a1gnal1ze 
progress tbl'ougb a SJatem toward aome ultimate advan• 
tage ot, or at least treedom .trom, educati.on. To 
this extent tbeJ brlcige the sap between be1lav1or and. 
its ieDtoie conaequenoeaJ but t;he, are. still ni.·t con• 
t1ngent on behavior in a very effective w&7.2 

Prom the d1seuss1on so far, 1t. seems tllat extr1ns.1.o 

mot1vatlon, whether :t.t 1.s in tbe form of avo.tdance. of pun.1ab-

11ent or the provLaion ot Mtert.al wishes, wtll not develop 

w1tb1n tbe student the intense desire tor und.eretanding. Xt 

the teaoher•a contact with the learner could be a contiauoua 

process throughout the leaitning pel'1od., there seems reason 1Jo 

believe that the inner des1re to pin unclers•and.1ng could be 

enhanced tor the ,t-udent. When one rel.ates th1s poss1b111.t1 

to the iwo teaching method.a under tnvestigation.., the pattern 

20:aurNa P. Skinn.eJ?, "Wh.Y we Need Teoch1.u Maoh1nes;f» 
Harvard Educational Review, XXXI (.1961);, P• 378. 

21 .. 
I'Qtd.1 P• 379 .. 



witb1n the d1rected-d1scovery method appears to be the best 

suited at the two becau,e in th1s method; the student actively 

part1o1.patea throughout the lesson by thought questions and 

Sktnne~ says, 0 ••• perhaps the most serious cr1t1e1am 

ot the classroom 1.s the relattve 1ntreqiae1ruly ot retn.roree-
22 ment." · He continues wt.th this d1$cuss1on 111 the following 

paragraph: 

Since the pupil 1s usually dependent upon the 
teacher tor being rtght, and since many pupils are 
usuall.7 dependent upon th.e same teacher, the total 
number of cont1~eno1es which may be arranged durtn1 
say., the first tour years., ia of the o:rde:r of only 
a tew thousand. But a very rough estimate suggest.s 
that efficient mathematical behavior at t.h1s level 
requires something of the order of 25,000 contln
gencies. 23 

In the .following paragraph Skinner suggests that rein

toroement need not be a complex eond1t101u 

Fortunately, we ean solve the problem ot educa
tion without dtsoovertng ol:' 1nventtng additional 
reintoreers. we merely need to make better use of 
those we have. HUm1u1 behavtor ts diet1nqu1shed by 
the fact that 1t 1a affected by small consequences. 
Des.c,rtbing £Jo,ineth1ng with the rts;h.ti word 1.& otten 
re1ntore1ng. So is the cla,r1t1oat1on ot a tempora:ey 
puzzlement., or the solution of a complex problem, or 
the opportunity. to snove4. forward after completing one 
,tage of the act1Vity.2 

Sk1:nn.e~ does not believe we need to stop to explain why 

22 
I}:)14,, p. 380. 

23:eurrus F. Skinner., "Tbe Science 0:t Learn1ns and the 
Art of Teaching,11 Harvard Educational .R,eview, XXIV (1954), p. 
91. . . 

24.Ibld,, p. 91. 
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these things are re1n1'orc1ng. He ln<U.cates that 1t 1s nough 

that when properly contingent upon behavior they provide th 

control we nead for successful educational design. 

As Skinner sees it, the whole prooess of becoming com

petent 1n any field must be divided into a very large nu ber 

or very small steps, and retnrorcement must be contingent 

upon the aocompli hment of each step. He does not agree with 

J. c. Pressey who designed one ot the first units of pro

grammed learning on the basts of using mult1ple-choic ques

tions 1n which the student tested himself. Skinner gives 

the following re son for this dtsagreement: 

In the first place the at\ldent should construct 
rather than select response, s1nce this 1e the 
behavior he w11! later f1nd uae:t'ul . Secondly, he 
hould advance to the level ot being able to emit a 

response rather than merely recognize a given response 
as correct . Th1rdq, and more important, multiple
ehoice matertal violates basic principle ot good 
prograllllll1ng by induoing the student to ngage in 
erroneous behav1or.2, 

There appears to be a considerable amount of contro

versy about the etfeot1veness of uto-instruotion. Adults 

using programmed 1natruct1on often equal or surpass thoa 

exposed to the traditional classroom situation. In a ooJQpara

tive study of programmed and conventional instruction in 

industry, Hughes and McNa ra tound a a1gn1t1cant differ nee 

in favor of programmed learning. The an scores trom an 

exam1nat1on given to the two groups who were taught a 16-hour 

25 
Skinner, p. 393. 



cw11e Oil aen1et11g an DM 7070 eomputer were 94.T toii the 

programmed tnat"uottoa gioup and 86.9 tor the conventt~na1 

group. 16 ,rom this atud1 the d.taperston et. 'the sc:•res WJte 

1n41oatd to be much leas fo1r the p:ropaae4 s.l"C'UJJ. 1lwo

tbtr4a ot the "progtteaed'" aoorea WS'e 95 o.r bt1rte1 and onl;J 

11 pea, eeat.: tell belew a cr:ad.e ot 90. !hf# eonventttanal 

s;rcup a•orea were $pX'ead ovfH! a •oh wider ·irange. From thU 

atu.d,y ,. 1t would ap,-ar- that all level.a ot atu<len,s ln teeb"" 

111cal aubJeots wul4 leam mo:,e b7 the p:rogl'-antm.ed method 

than 'b1 1.he oo.nvent :1.oul one. 

1k.1nner••and othes-a ao ad.voea,e 11.neafi pHgennmt.ns•• 

1.-tes · to make B'1re tna:ti al•at eve'lf1 aapt,aff will. be rein•· 

to,ee4. He auu•sts tb• tollowtn& manner in wh1ch tJle 

programmed •ter1al •v be prei1nted.1 

Program ma,ertal 11' stored on. a.hn-tolde4 paper 
tapea. One tiia• tJt •te,1.e1,'. the at•• ot wb1ch eaa 
be va.1'1ed wit;h the natnal'e ot tbe atei'lal., ts expoee4 
at. a 1i18. Th• at~4ttt1l u1tea on a aepaitate a'i11p. 

w:luoih:,·::=ei!r~··J:r!·= : 1:r;::J:~11;01::•· 
eemp1e1;ed., a queation 'bo be answrff.1 oxi a probl•m lo 
'.be aolvoa. He w1te1 hi.a re•pon.ao ta. 'bb.• uneovel!ed 
peruton of a paper &ti'!» at t:lile Jt!ght. He the moves 
a ,sl.1dal!' wblch "veie tbe r•1,on1e he baa w:,tt\en 
wtth a t11an•parent maek and ucove'l"& a4d1tUu'tal. 
mate•t.al. s.n the la.rgei- o,entng. ~bta may te:11 him 
~he :re!!~n,e ta. no~ ~t~ut •1911_ng h1m whieb. is 
Jlght. . cue.a _,. t;ken ll4' slvea. 

ao.,'.. L. lvghea an«t w. I. Ntlfa•X!a, 0A OompaJ1a·11ve awq 
:::1~:;r;r.:m~~:.0,;;::~.! ~1fi9Ut~·i: =!;i~ ·" 

27 
· s1d.nne1r, p. sa,. 



Prom the prev1oue d1a4Usaton ot prog%'a11Ull$4 1ea.-ning an4 

ieaob.tns machines, 11' wou14 a;ppear that lbt:re ts • •ela.t1oa.,. 

,111p t>eiween rebltorceaent and ptdan.o.t in leam.1n1. 

st.opbens suggests th1$ re1a,1onshtp tn tke t.oUowtng para• 

graph: 

It 11 cl1.tt1ou11J \o appJ.r re1ntQttce•nt wit.nout 
also provt41ng IH>Jlle gu:1Qaee·. ~ ••llllh, l.t; cea 
bed.one,, hut one •st so io acme trouble oo a..-ra ... 
tt •. ay· t:he ••• 1;okta1: 1t ls .ttft'tou1t io povt.tle 
1U14ance w1_i ,.hou1i •t tsbo same tin prcv·1«1q· NU.n• 
fo"eeent,.21 

W·oblwtll and otne.:, p11ctM>logiate (to not •SN• tbat 1t 

ta ,,r111e" or pe•s1ble,, •• •• au•e that the e1tudent 1s 

sutud tato •uih ..-e,epon•e w1th no .JOom. tftJt ttnct11ta1At7 °'" 
tu1Jtol',. 'lner believe tba t • pe::,ttd ot 'tlnaei-ta latr •1 'be 

ne;eeauq· tot 10• klmi:a of lan~. 2' 'fhta ooncegii would. 

b'.e atuJ:epia'ble to lbe a«voe•1es ot the i.t»eote4-d1aeoveir o.ir 

.Pl'Oli>ltm.eolvlng ·•tho4 ot teae:b.tns~ 

.xa .an ea:rb' 1tu4J cr,u.s tnvea1Jig«tld. ill• n1ative 

eltctottvaeaa 0£ d.1tfettel\t amia1tHs o.t s»1dance f.ft pr:o•,1na 

tttauteJt, .s.n ,.tie 1Ytiae:t•l.fall>111it ot 1n1eh pl«•• leai-ni.ng 

taakl w1\h va17tng 1eul1 ot 1.U.ttt.,ul1i1'• alld 11* th• ehfiJaa•• 
.tn th• d4pend.Me·e ot t.iaute~ upo,t 1a1,1ai abllf.t,. c»ata•s 

,allt(SJ •••·• tae wol'd. "P141ac,e" to rete11 to olue1 e:, euea 

otte-m to tile .,u_.JeQt\ •·• •• af.4 tn ,&H'>IVln& the· n••lem-. 
i. tate etu_. tw ~mlJted 0-oliese ~4uatea w:,e dtvtded 
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into .four treatment groups .. They were difterent1atec1 by 

reoeivtng tU.f.ferent amounts ot guidance to atd tn the dis

covery ot the ba$1S tor the correct responses to a series ot 

.items .. The relative ef'feet1veness ot tne d1ff'erent amounts 

of guidance in promoting transte1: was determined by a com .. 

parison of group post-train.ing performances on a series of 

similar but non-identical ttems.. S1nce the learning situa

tions were organized according to meaningful principles, 

another indication. ot transfer etf'ect was obtained by a com ... 

par1son ot the ntnnber of principles the several groups were 

able to tdent1fy in the post-training situation. The number 

of pr1ne1plee that a group oan recognise and state may be 

interpreted a& a relative 1.nd.1.catton of the understancU,ng of 

l"elat.ionsh1pa developed thxiough the gutdanoe provided.. crats 

concludes that transfer is tactlitated not only by organ1sa ... 

t ion of the mater ta ls but also 'by 1nereas ins the number of 

clues provided to aid d.tacoveey. Findinge also truUcate that 

the more difficult the task., the greater the advantage of 

additiona.l guidance. 30 

The evidence trom Craig's experiment offer$ little sup .... 

port tor the hypothesis that the ability to transfer ts 

dependent to a greater extent upon 1n1t1a.l ability than. upon 

the degree of guidance in the learning process .. 

Although similar to ordinary learning 1n .some wa7s, 
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problem-solving presents more d1ffioulties 1n the way or 

orientation., provides little reinforcement for early e.ttorts,. 

and requires the teacher to withhold guidance.,. With these 

features 1n m1nd, one might ask what the problem.-solv1ng 

method offers the teacher and the learner that other methods 

do not otter? Before this question can be .Sl1.$Wtred, 1.t is 

necessarJ to know how pro'bl.em-solving ta defined., what th.e 

extremes are, and how they- relate to underatandtng. 

Problem-Solving Method 

D1rected-dtscovery is a form of problem-solving defined 

in Chapter I as a method cf tnstruct :ton wb.ereby the teacher 

a.llows the student to accept som.e of the responsibility ot 

lea:rning by encouraging h1m to uae his baslo knowledge to 

think through the solution to the problem, 

There are some w:rttera who claim that prine1ples or rules 

have genuine meaning to the student only when they are tna.. ... 

pendently discovered by that student.31 Thts concept would 

appear q:ueationable to many. To expeot a student to compre

hend import.ant prino1plea with no assistance b;y the teacher 

would Geem to be a t ime-eonsum1ng and hopeles.s venture. 

Brownell explains pl'oblem ... solv1ng as follows: 

one may define problem .... solv1~ so broadly as to 
make the term. synonymous wtth .learning. To do so, 
one needs to point out that all learning starts with 

31:arunner, pp. 58-59. 



some 1nadequ cy ot adjustment, some d1sturbance of 
qu111br1um--and so, w1th "problem" ••• and 1n 

the process of ach1 vtng adJust nt and returning 
to a state of equ111brium on "solves" the problem. 

According to thts broad concept1on, the cat, 
when it learna to pull the cord or to depreaa th 
button nd so to escape from the unfamiliar puzzle 
boxJ the student 1n the psychological laboratory, 
when he learns to run a finger maze whtle blind
folded or when he morizea lists of nonsense 
yllables; the child 1n school when he grasps th 

meaning of a actent1.ttc principle and learna how 
to apply 1t ••• all of these engage 1n problem 
solv1ng.32 

28 

Brownell recommends that, tor clarity, problem-aolv1ng 

should. be re.terred to 1n such a way that Lt becomes process 

bJ which the subject extricates himself from the problem. H 

11m1ts problem-solving to include only p rceptu land con-

e ptual tasks wh1oh the subject Ls capable ot und rstand1ng 

but in which at the moment he has no dtrect meana ot sat1s

tact1on. He grants that the subJeet y experience perplex~ 

1ty in. the probl • 1tuat1onJ however, with the task w1th1n 

the capab1l1t1es or the studentt 1t should not be an experi

ence where utter confusion exista. 33 

After recommending that problem-solving be observed under 

the previously set l1m1tat1ons, Brownell continues to anal.1'ze 

tb1s method ot teaching and learning by king the following 

comments: 

Defined thus, problems may be thought ot as 
occupying intermediate territory 1n a cont1nuu 

32w. A. Brown 11., "The Psychology ot Learning," The 5or~
F1rst Yearbook ot the National Soctetz tor the Stu9i or-E uca
tion, M !!, ecr.,r;- B. H nry (cfiicago7'TgQT., p. 137 

33 Ibid., p . 417. 



whtch stretches from th "puzzlen tone xtre to 
cosapletely .ra 111 r an underatan ble e1tuat1on 

at th other. In the o e or puzzles , the nature 
ot the taak y vary 1"rom whol ly novel (whlch th 
l arn r has no ans or sol ving or escaping) to th 
alt tl.y knolfn ( 1n whlob the 1 rner 1 recognize 
vaguely where to work, thou h he does not know what 
to do) . Ht• pr aent exp rt nee La one ot 'bewtl der-

nt , and th1 ls brought on by th str ng n sa or 
the 1tu t1on an its 1 ck ot meaning to h1 . It 
he ls uceeastul 1n sol ving the puzzle, hi uceesa 
is the resul t ot accld nt and the solution ta not 
likely to be retained or to be transterabl tooth r 
puzzl e 1tuat1ona. In the oaa ot oompl t 11 t mll
iar and understandable situ tlons , no proble exists , 
aa 18 true ot puezl ea, for th reason that th 
l rner baa ava11 bl e at1atactory responses which 
have been h b1tuated, and ther 1 no unoert 1nt7 

s to proeedure. 34 

Brownell ays that the lat t11'teen 1 rs or o have wlt

nesaed promising chang a in psychol o le l research ao tar s 

probl em-solving 11 eoncerne . One 1mport nt change cona.ista 

ot an attempt to at proble s which mean so thing to th 

ubJeot , or i least which envisage the le rn1ng task aa it 

moat probably 1a sen by th aubJect . It 111 true that not 

ll ettorts to improve problem- solving abillty have been 

aucceaatul. Brown ll b 11 ves that th r ason 11ea in the 

u e of methods which are powerless to produce th1e end. 35 

thoda put too ch trust 1n 

technique and d1sreg rd other eesent1als 1n ftective prob

lem- solving. He explains th1 bJ augge tlng that in or er 

to th1nk clearly · nd wel l on at have o thing with which 

34 
Ibid. , p . 417 . 

35 
Ibid. , p . 418. 



an.a und@,r1rtantU.naa... kU.v.bQut t11ese, a t:t.1.h:r:b111que ot 1r~oolem

aolv1~ 1$ conslde:red ueeles.s. arownell ~<bit that 1t 11 

:pt·tto:tael:, a·t. th1e poi.nJ~. that maiiy mode~n :truitr:u~t1.on.al ~rao

t:toaa al"e def'ieS.ent. He w0:rn1 theJ'e 11 d.anse,1 in the ofteri 

1>e1'\itated ata,ement ·ttbat "tt 11 mo~e lmpo.rtani t~, te•cn how r• -

to think than wna, tQ 'th1nk. '' Tht aanse::1J 1.a ·~hat with neg ... 

leet et in1de.rW>tand1~ii a1\d mean.tns;,, 'bile mater1ala with 

W'h1oti ()ne ts11nkf •1· wtll reault l:n a c.~i;,plete a:tult1t1.<J.a

t ion. ~f th1nk1DS or• wo:rae _. in a.n over-oonf'tdence l.n tbe 

.Jl.ldgMnts and. de~:Latona reaoed u tbe abeenoe ot .relevant 

fiaia.36 

As svown•ll •••• it, the problem-aolv·tns •tno,d ot 

teaQh1fli 1·equirea than the etudent ahwl4 gatn u.ndtrataftd1ngi 

rat.her than mef:'el.y l•ai-111 a prceedure. In a.4d1t1.or1. b• 

'believea that ine stt.tdent a.aat ,u:rt.eit the le&rll1ns pba$3 with 

ac• bat 1e uttde:re t.and.in&s •. 

i 1here are some w@ bell·eve ;hat wnerea, the pl."oblem

tolvi~ method o·tters eerta1n 1pectal t,;iene:r1t1 to the iearur., 

tb.11: met:trlGld should not be u1e<l in all t.i·pes ~.t le~rn1ng a1t• 

011011:s. Stephe11a auppo*1,e the p.reQedtq s,t$1teMDnt and 

ottera ,u.u;eatit:lne as to thotJe learning 11.tuat1oaa ln whieh 

th$ problesa•aolvln,; metho4 ml.pt be eon#11der•d &llpeJtc;r: 

we often do ftnt supeJJ tor learnt.q when theff 
1e emphruu., on ,student ae:t1v1t1 an4 ln1ttat1ve., wbea 

'i.*1! ·· · .· (t.P __ - _;ill;¥. us· !Ii I 



the search for a principle 1s clearly kept in ind, 
nd wh n ny xa 1 a ar provtd d . Thi ene al 

approach, however, 1nclud ny re tur ov r nd 
abov her 1nd p nd nt dtscov rv on the part ot 
the stud nts . Any on ot thee te tur s, oreover, 

y account for th tr qu nt up r1or1ty of th 
gen r 1 approaoh. 37 

31 

In upport of th1 and relate to hi atudy of th . mot1-

vat1ng ftect ot directed 1acove17 l rn1ng, K rsh con~ 

clu s, •A ong other thing, th greater ego involve nt y 

ad student to pen more tim 1n practicing th ta ks, or 

thinking bout the out 1d the tor 1 praot1o p r1od . .. 3S 

Aueube lao 1nd1c tea that an ll-or-none position 

r ard1ng us o'f the d1 coveey thod is warrant d ne1th r by 

logic nor v1denoe. Th thod itself 1B very useful for 

c rta1n p dagog1o purpose and in oert 1n educ tional ctr

ou stance • 39 H sugge ts that th . 1acove17 thod ha 

obvious uses in evaluat1ng learning outoomes .in teaching 

proble - olvtng techniques an appr ct tton of th sci n

t1f1c thod .. 

He belt ve that ther ts o bett r way ot dev loping 

erteot1ve kills 1n hypothee1s k1ng an te ting, in tor -

ing d eir ble ttitud to r l . rntns nd inquiry. nd 1n 

gaining an b111ty to solv proble on one'a, own. 40 

37 tephens, pp. 158- 159. 

3f3a. Y. era, "The tivat1 Ut ci ot Learn1ng by 
D1rected-D1aeovery 1 " Journal of ucat1onal Ps1chology, 
1962, LIII, PP• 65-71. -

39Au ubel, pp. 142-143. 
4o Ib1 . , p. 143. 



Ii1 additi.on Ausubel ~fi'JfG, 1\, •• it .stems plau~ible to 

suppose thiat the o.;x:e.ater etfort, motivation., and v1v1.dness 

asaoctated wtth independEJ:n..t dit;Scovery lead to somewhat 
. 41 

greater lel:),tnin~ and rfrtentton. 0 He also :t.ndteates that 

wltb this method: 

O.ne. In .. ight ex.p.ect. the a.dvantages ... ··. co.n.ferred b;y···clis• eove'l!f tecbn1ques to be even greater with respect 
to tra:neterifbiltty • since . the .. experLenoe. 1ained 
from forn1Uls.ttng a generaltzat1on from cU.,terse 
instances obv1ouslr. facilitates. the solu~1on o.r 
;preblems tnvolv.1ng th1.s genera11zat1on. 42 

over the paJSt decade, there has bften a cont1nuallJ 

1noreastng interest tn resear<,h eol\9e~ne,d wlth Wi'JS of 

imprc.rvtng 1nduet.r1al art$ teaob1ng. searching 1nqtJ1rles 

are be1n& d.treeted espee1a:U.y 1oward ·tsa()h1ng mc!rthed•· 

involvtng ,roble.m•SQlvtng,. 

Ray <.H)mpare<l the d1reot-an4-deta.tled. a.nd 41.rected-tU.i• 

eoverv met.bods of tea.entns: mto:rometei' prinet.ples an4 ekllls ... 

He was eonoerned. w1th th.e relative ettect of the method ~f 
,:..., 

presente~1on upon tn1ttal lea.rntng, retention and transfer. 

In addition. tbe e~periment w2uJ .$0 deaisn,ed tha1 1t wa.e pos

atble to test tor level t1ntei trreatment,. first o:rde:r inter .. 

aetton,. as well aa for ma!.n effect,,. One hundred and seven

teen n.1.ntb gra4e subJeett wve aeleete<l at :ramiom trom tbree 

;Junior b1gh seh.ools. rflle tiSk 1nvQ1Ved the use ot a one-tneh 

vernier m1.t1ro11eter 0alipell~. The olfal lnstruotion was 

42 
Ibid • ., p. l.lt-4. 
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pxiesen.ted. v 1a the medium ot a tape r.eQOrdeJ.' and was su.pple

mentea by 1llustrat1ons through the uae ot JS•· slid.ea. 

An 1n1t1al learning teat wae admin1ste:red imme'Eliately t.ol· 

lowing the instruct tonal pertotl a.nd test, tor i-etent1on and; 

transfer were given at. one and. •ix week period1 after treat

ment. All teat, tnvolved both performance and pencil a.nd 

papexi 1 tems. 

Ray toun4 oo stgnlftcant d1ttexienee, between the two 

exper1me,n.tal groups 1n terms ct 1ntt1al 1earntns oxi reten• 

t.1on at one weett. However, ii.here •• a e1p1t1can.t d1fter

enee 1n retention ae mea,u:Jted at a1x week1, whtch tavore4 

tbe 41.rectecl•0.1.scover, me.th@d. The d1J'ecte<l-d1Seovery group 

was found to be s1gn1f1eantly .aupe!"1or 1n ihelr abtl1t7 to 

transfer ;r1neiples and. skill.a as mea.sure4 a'b one and su 
weeka tol1ow1ng tnstnot1on. There was no ev1hnce of 1ntel'• 

aet1on 'between. treatment and ab111.tJ group•.43 

A.s an extension ot Ra.7 • s etua, ~ .Howlett oompared direct• 

and-d.eta 1le4 and 41recte4-tU.sooveJiV ••nods of teaeh1n,s 

orthographte proJection pr.1nelples an4 sJc1lla. He wa.a ec;,n

eerne4 wit'b the relative ettec\ o.t the two metno4s of 

tnatnotion upon 1n1t.1al learning., retention an4 transfer, 

as well ae testing tor 1nt1e1ao,1on. Tlu1ee ao111tJ 1,eve.1a,. 

11m1lar to tno.se u.sed 07 Ra,-,. were enQ)loyed. 1n this 

4 
'.3w. E. by., '•An .. EQer1mental co.-riaon ot Di:reot and 

Detatle4 and Directed Dlseoveff' Metb.ocfle ot feaebtng Nici-om• 
eter Pt1nc1plea and Sk11lth • (1':ll»ub. Ed.P. 41aseicta'liton, 
Vn1vera1ty ot Ill1no1s., 19§7)j pp. 61-61. 



expe:r1ment. Similar methods of strat1fytng the experimental 

populatlon and selecting a strat1tt.ed Jample were used by 

both Rowlett and Ray" However, Rowlett also matched hi.s 

groups on the basts ot sex, s1nce !t wa.$ belteved that thes.e 

two groups ot stu<lents would have d1salm1lar ba,kgrounds of 

experience and tam111artty with the task seleete«. Both .Ra, 

and Rowlett used. stan«ardt~ed 1.ntelltgenee ttu1t scores as 

outside er1ter:ton for matching ab!l1tr levels. In the 

experiment, 168 n1nth .. sra4e stude.nt.& t:rom a stnale commun1t;1 

hlgn school served as subJeets. t:nstruotion wa• providei b7 

a tape reeo:vder and was SUJ>plemented bJ 1:ncU.vidual $tudenu 

work booka and three dime.n.sional mod.els. An. 1n1t1.a.l lea:rming 

test was adm1n1stered 1mmed1atel.y fCllllowing tnt5truet 1on,. and 

retention and tran::lt'er tests were gtven to all sul,Jeet$ a.t 

twelve and torty•ttve d.ay1 after treatment. Whereas Ray uaec.i 

.an analye1.s of variance cl:ea1gn tor teettng tbe null bypotb .. 

eaee. Rowlett emplo;yed t-tests tn validating his bNJ)(:)thesee. 

Rowlett found no s1gn1:f1(U1nt d.l.fterenee between the two 

e,r.per1mental groups as mea.su.red. l::>1 the tnittal learning test. 

fb1s tincUn.e; supports the eol'lJ)arative reeults ot initial 

learning ?'eported by RaJ. However, Rowlett found that the 

dtrtcted•dtscovery gi«oup was s1gn.tt1eantly supe:rtor in both 

retention and tranater, when uaea,ured twelve @JS after 

tn.struit1on. Rowlett•& tlndings relatt..ve to t:ranl!Jfer at six 

weeks supports the retultt repol'ted b7 .bY' in that the 41ree

ted-,U .. se'1very group was oupertol" to the dtreot-and.•detatled 

group o:tl th1$ ert.t&r1o:n measure. No 1nteraetton between 
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. 44 
teaching method.s and. intellectual levels was tou.nd. 

Moss tn.vettl.gated the iie1atlve eftectivenea.s ot two 

methods ot verbal 1nstructi1.on, dtrect ... and-detailed. and 

d1reeted-d:t.scovecy, 1n which .different iunounts and 'types ot 

tea~ber g'U1dance were employed. The .. Jtper1mental popu.latt.on 

consisted of one hundred ·tb1rty-one maliit vo~ational ... 1ndua

tr1al high school 1tuder:rt&., Both methods wel"e theorettcall.r 

ea.pable ot provid.1ng meaningful learning eJtperteneea. 

The er 1ter.ta used. to meaeure bhe outeomea of ins true• 

ti.on., 1nct:t.cat1ve o!' the :relative ettecttveness ot these 

!llethods., were tests of 1n1t1a1 lea.rnlng, xietentton, and 

The experimental design included. a treatments by levels 

anal.ysie of var:Lanoeo The 1.na'bjentB were randomly ass1~ed 

within. a given I. Q. level to one or three treatment glioups. 

T.he exper1mental population consisted o.f one hundred thirty ... 

one male students 1.n one high school. 

The logical baste tor testing the dtreet-and ... detatled 

an« dtrectea.-diseovery methods or p%'esentat1011 :rested upon. 

the premise that .at least one ot t.bese methods would ree\llt 

1n greater learn:i.ne; than. a no ... teaeher presentation. The oQn• 

trol group was, there:tore. included 1.n the design to estimate 

the amount of learning attributable to the tnetru,.rt1on 

44.r. li. Rowlett,. uAn Expeir1rnental Co5l1Perison of D1l?ee'b• 
Detailed and Dlreoted-J>iijO'l>very Methods of.Teaon.1:ng.Ortho-
1raph1c Projection :Pr1ne1.plei, and. Sld.lla" (unpub. E4.D. 4UJ• 
ee.rtatlon, un1verett7 of I111ne1s, 1960) 1 pp. 93 ... 101,.. 



provided by the recorded lessons. The resu.lta ot the crite• 

l'ion te.sts s:bowed that the tYeatment grqups recetv1ng 

lnstruetton performed oona1,tentq super1oxi to th• control 

group. The results of the OJ'itertor, test also tndS.eat.ed that 

the su:t>Jects who were tnstr.ucted bf tha cu.veot•ancl-4eta11e4 

method sooreO. oons1:stenillJ better than the subJects who we,e 

1natruote4 by the d.urected-411cov.ru:-y method. In the lipt 

of these results, and the generall7 inconsistent .f.1nd1ng& ln 

this etud7 wtth :aa7•e, iiowJ.et,t 'a., and Qrote•s stu41es, the 

Wl'1'tel" was lecl to question. the eqwlvalene.e ot the irea.t• 
h . . ~ menta, t e learning tasks and. the or1ter1on test,. · 

Gl?ote., 1n a etuct, similar to those already mentioned, 

eonwa,re<J. the relative ettect1venes& of 41reat-an<l•deta1led 

a.nd ,u.rected•«:U.secve17 mertlt'lods ot teacll1ng selected pr1nc.t.• 

ples of mechan1as t.n the aJ.'ea of ~stcs. The a.ea1p per

mitted a test to·r d.1ffe.renees between aroupe on th• basis ot 

an ordering ot trea.tment sequeaees, ae well as teattng to,,. 

. 41tfe1ence1 between groups lnstruoted. at each leal.'n.tng ae1• 

&ion by the dit:terenttal methoda. In addition the expetl• 

mental deslgn prov14ed testa tor flrst and seo.on4 order 

1nte:tiact1ons involving sex, levelsit and treatments. 

The ttesu.l.t• 1n4icated iibat the direo1~nd-deta11ea 

method was ev:,er1or when e<1uapa!l'ed on 'tbe oiuo.s ot 1.n1t.1al 



learning after the ft;ist tnirtruct1onal pet'iod.. In the two 

lessons with the sequence in wh1cn t.he d1reoted-d1$eover1 

pl?eceded the dtreet.and-detatled method, the transfer was 

supe;ttior.46 
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A stud¥ eondueted by .Sommers at the 1:Jn1.vers1ty o,t Min• 

nesota tnvolved an ev•l:uat1on ot selecte4 teaeh.1ne; :rnetbods 

on. the development of eveatl:ve th1nk1ng. 1rb1s stu~ wa.e 

based ¢n the 1'ollow1ng tuurumpt1ons l 

l) that the ab13.lt1es involved. 1n 'betng creative are 
unlversal, 2) that these abllittet;J can be 1nerease4 
through tra1n1ng., 3) that one ot the legitimate 
tunot1ons ot the school la to provide aueh tra1n1ng., 
and. 4) that tt is des.1..table to develop creative 
llb.lli t tee Jlthtn the tia•work of ex ti ting sonool 
eurr1cula., 1 

The follGw1ng ~potheses •ere tested: 

l) thezie is no <U.rterenee, as measured by the subJect 
matt•r. test., 1n a.dJu,sted mean satn tn au'bJeet matter 
understanding 'between the oontrol.aroup and the e,c;per1 ... 
mental gvoup, and. 2) there le nQ d1fte.renee,. as 
measured by the 'l'e8t or Imag1nat1<>n (torm DX) 1 in 
a<lJutted mean gain tn total ~iieattve th1ruc:tns4.1>etween 
tb,e control group an.cl the e~pe,:-tmntal group. · B 

two groups ot $tu4entt were 1.nvolve<i 1n two oonseeuttve 

n:un2" ot the experutent. Tb.e control group received 

Ulstruct.1.on 1nvolv1.na; the 1.taual metb.ods and c:<:>urse outl1ne. 

46 . .. ·t · · .. . . · . · · · c •. N. trote., 'A Co•partson of th.e RelatiY·e Efteet1.ve-
ness ot .D:t.reet-Deta1led and. Dtreeted-D1soover1 Methods ot 
Teachtng Selected Prineip.lea ot Mechantcs :tn the ArtHl ot 
l'hYs ... · .. 1e.,u .. ·. (.un. p.•··.•·.u .. b •.... Ed.D .. 41sserta.t1011t, Un.:t::v•ersity of Illtnetfh 
1960)., pp. 126-133. 

47w. s .. sonuners, »ffne Ifttltten.,e ot Selected Teachi:nt& 
M$'Gho<is on the Development ot creat1.Ye Thinking" (unpub. Ed.,D. 
4tasertat1on, un1vers1tu of MU1ne1ota, 1961) :1 p. 5. 

48.I'bid., p. 113 .. 



The experimental group was tiau.gbt 'by special methods wbieb 

were developed by sonunere. The pr1ne1ple teetm1que employed 

with the expe:r1mental sroup wae ealled "sk&tchstormtng.n 

The $\lbJects were i·budents at Stout State College who 

were enrolled in a course in freehand drawing .• 

The exper.1meJ1t was evaluated. or1 the basis of scores 

yielded o, t~sts given betotte and after the leason&J were 

taught, ~ loealq conat.ruete4 teat developed to evaluate 

the und.e:rstanding. ot treeba:nd drawing was admtrd.stetred to 

tietermine gaS.n• tn. subJect ma.t.ter. The Tes1i of .Imagination. 

(Form DX) :prepared bJ. the Bureau or Ed.ucat1oMl Research at 

the t1n1vers:tt7 of Mtnnesota, 1Al& uaed ·lo aaaeas tnereases 

tn eNtative thinking. 

T'he two expertmental ~potheses were reJeeted.. '?he 

t:Lnd1ngs ind.teated thatt 

1) it, :Ls poasible., bJ use ot spec1t'1c methods designed 
io 1ael'ea,e oireat1ve 1.hbud.ng:, t.o tn;,rcve eerta1u 
~b111t1es aaaootated w1ih creattve thinking in an 
tn<luatrtal aria oour••• a.ml e) tne vs•.-. tn an tndus
tr:lal arts laboratory ccuree.,.ot apectal methQ.cls to 
imp1t0ve oreattve th1ilk1n1 w111 not negat.tvtl.¥ atteet 
subject matter learning. In tact, Sen.ners suggests 
that auch metbod.J -, .a.cwali, t.nore,u•• sv•Jeol 
ma,tter learning. 49 

W1th reapect to further reaearch., Somnters H~ommends 

l) 1nveat1gations shoul4 be conduoted to.determine 
the etteet1vet,e·e• ot 1;u11Jlt& apeoial. method.a to 1aoftae.e 
cteat1vtti within industrial edueatton labor-atory 
oourses other than Just the 4l'aw1ttg aNa., 2) tnveat1• 
sat1:cms s1m.11ait tn dea1gn and purpose to th1a. study., 
should. be· eonduetecl t'> tnvestigate the efter,:t1veue11s 

49I:i...1A 116 . . _,., '4• ., p. ' • 



of other- teo11n1quecJ fo1~ increaaiu.g a~eat:tvity, 3) 
1nve.st1gat1ons, s:im11aX' in de.sign and purpose to 
"this study, should be conducted ~Go detex1m1ne the 
f.eas1bility ot 1mprov1n~. creative th1nk1ng within 
academic courses, and. 4) an hW'ElH.iitigat:Lon should 
also be conducted to evaluate the persistence of 
effects of the tnolueion or ereat1ve learning 
act1v1t1es within. subject matter eourees.50 · 

In. a recently completed •tudy a.t the Untversttu of Nin• 

neeota, Cornwell tested the value er inatruct1on sheets tn 

t'egard to the learning proc;:ess in in<lustrial education. 

~rthex-mort1 he was concerned wtth the eff1eiency., i.n terms 

of alternative methods of organizat1on" of the traditional 

pattern of instruction she1:rts. 

cornwell'a study eompared the aehievement o:r college 

students in a classroom situat1o·n wtth one .sroup ot stuclen'ta 

us.1.ng problem-eentered 1notruct 1on sheets a,nd a control group 

using trad1t1onal 1natruct1on sheets. Cornwell*$ experiment 

wae des 1gned to provide answers to the following q:uerrt tons., 

l) Will .Problem solv1n.g mater1ala develop more knowl• 
edg.'e of the. subJect m .. a ·.tter than. will more direot 
instruction.? 2) Wtll problem solving materiale 
develop more man1pulat1ve skills 1i1 the eu'b.Jeet 
m.a.tter area than will ntore d1rect intatruotion? 3) 
Will students ga1n1ns knowledge by problem solving 
methods l'eta1n 1t bettei than students taught by 
more direct inatruction? 4) Ia it possible to pre
pare two s1m1lar sets ot assignment sheets whtoh 
wtll give a1gniticantJ.¥ ditfer,ent results ~ttributable 
to thei.r organ1zat1on? 5) Do atud.ents ot var1eus 
ability level.a .show d1tf'.erent results when taught 
through the use of the two tU.ftel?ent types of tnstruc
t 1onal aheets? Is it possible that good students will 
learn more by solving px><,>bleu., but that poor stud.ante 
will learn more by direct instruetion? 6) Is there 
any relationship between student learning tr-om these 

50 6. I'bi4 • ., pp. ll •119. 



two typea of assignment sheets, an¢1 hie previously 
stated preference, toii the type ot in'St:ru~t!onal 
method.? Is it possible to select a. student who 
will leaJJn more by p:ttotle.m s0lving, bJ determln1ng 
bis preferences tor a t1pe of 1nstruot!o:n? and 7) 
Is tt posat'ble that one tnatructo.r will have better 
results with one set ot 1nstlt'uet1on sneets1 and. 
1.u1other tn&t.rueter have opposite r.e.eulta:n5 

Two inatl'Utltora taught the tcur e,q,ertmental olal:lse$ in 

wh1oh the two types of 1nstruet1on sheets we~e employed.. 

Two classes met each quarter and the two 1natruotors used 

oppQcsing trpee of a.aaignme,nt sheet$ the firs.t e;gperc!mental 

quartetr and exchanged eltpe:rlmental metnoo.s the next qua~terfc 

three o:rttter1on teets were emplo1ed; 

l) a pEtrtormanee test a4m1n.1stered one week pr1or.to 
the end ot the coul'se, 2) a final exam1nat1on admtn .... 
tste:red at the end ot ilhe couJ:1ae, and 3) a :retention 
test gtven eight weeks after the ttnal euminatton .. 52 

Cornwell reports the following t1nd1:Qs$; 

l.) the elasEle$ ustns problem assignments made per
f<>rmanee test acore.l!:l. which were i1gn1tieantly htgbe:r,. 
2) there were atgnttteant d1tterenoes on the pertorm
anee test between. ,tu4ents having cU.tterent 1n:1truc• 
tors, and tnd.1eatton.G of a.method•bJ-tnstl'Uetor 
tnteraetton. inougll the latter.appeared. not be st1• 
n1t1oant when ab1l1ty level tnteraettona were removed. 
Although both. 1natructore haul the, be.&t pet:'f·ol"manoe. 
results w!th the p.robletn method,, tnstructor :B .round. 
it only slightly better.,. wb1le tnstN,o.t.or A found it 
much better on th.ts measure. Arr:, methoti·b;v-lnetruc
tor interaction 1n thls study could. potsaibl.y be 
tau.,ed by quarter 41.f.terenoe t 1nce the buirtiiuctors 
taught eaoh utho<l bi dittex-ent quartere. lJ on the 
tin.al examination eooree there were m signifioant 
d1tferencea between. the teaching methods, 4) there 

51R. L. covnwe11. nwi1tten Instructional Material.a; 
1•An Experimental Compa:tl'iso.n ot rro'blem.-centered and. Trad1• 
t1o.<na .. · •.. lAaatg··· n ..... ··me.· nt. 8.h. e.et·'.'·. ".·.··.··.{·u., .. n.pu. b., .. lh.D .. dissel:ftation, Untversity ot Minnesota,. 1961}, pp. T·S. 

521"'1· ~. . l\'!,1'\t,") 
. ···Ji,> \lh I P• tr..V;;, • 



w. as s.·. t.gn > 1£ic.ant .. · 1. nstt.uet .. or-b.w-snethod. m.· · •.. t.e. ract1on 
and 1ru11eat1one of inst.ructor ditferencea on the 
final examtnat1on. InstructQr A had the highest 
achievement using problem methods w.h1le instructor 

41 

13 had better result& \ls.1ng d:t.rect methodse The latter 
1n,t:ructor bad the nta;hes.t averase achievement., 5) 
on. the delayed test score levels t.here appea.red to 
be method dif:terencea tn favo~ ot the problem assign .... 
ments but these were not a1gn1t1Qant when tested. · 
ff<>wever wh&n 41t.fe:ttenee score, were analJsed there 
were. s1gn1f1eant"Q.·method. differences in favor ot the 
problem groups J>.i1 

Sommer•a and. cornwell'a stud1e$ aiperar to offer some 

valuable add1 t tons to \,be re11eareh 1:t. terature 111 1ndus.1atta1 

educatton related. to problem-solvins a.nd eertatn].J demon ... 

strate the values inherent tn longitudlnal studies when e..on• 

· duotc4 under no~mel teaehtng s1tuat1one. 

~he atudy by .Ferns otters exeellent guidance tor those 

Wht> are tntere15ted 1n develop1ns elt,ertme.ntal ttud:tes ot 

.similar problem .... s,1v1ng '1S1tuat1ons. 

Pe.rns • s1nad7 1$ best cl.aseit1ed •• ph11oaoph1cal; how ... 

ever,, it mlght aleo be· !.dent ttted aa evntbet 1e X'eaearQh stn,e 

1 ta pu:rpoae wts to fo<tUS on the concept.~ and t.1ndingt <:>r1.g1• 

nat.1ng 1n a numbe21 ot stud.it.es. 

ln regard uo 1ndustria.1 arts, Ferns• aim was to dev•lop 

pr1no1plea fer su.ltU.ng teaene:ri, wn.en d:estgn:t.ns and aondiaetlng 

learntns e~er1enoes tor 1mprov1ns atu.d.ent problem-solving 

ab1l1t1es.. fh:e pr1ne1plee w4'tre developed a.s the result ot 

caretul exam1natton Qf, 1) wrtt1ng.a ot &elected euthor1ttes 

1n education who have tl.ealt with prcblem .... eolv1.n; as an 



obJeetive and method of educat1on, 2) the wr1tings ot educa .... 

tional phil.oaophers John Dewey and William K1lpatr1elt,, and 

3) exper1menta1 research studtes in problem-solv1ng.54 

Ferns developed the following under.ly1ng pl!'1n,o1ples fo.xi 

guiding industrial teacher$ in conduett,ng and designing 

problem•solv1ng type of learning through a rat;tonal and. an 

author1at1ve means. They include the following prtnc1,plea; 

1. The greatest gains in improving student problem 
solving ab111t1ee can be etteeted when the teacher 
ooneatously plans learning e:xperienoet wlth the 
goa.l of 1mproving problem-solvtng ability 1n mind. 

2. The improvement of student problem-solving ab111-
t1ea is beat accomplished by the teacher's regula• 
ttns tndireotl.N the condtt1o:as wnteh guide. it • 

. 3. 1rhe exposure of ,tudents to direct ex.per1enee in 
attem;ttng to .solve real-lite problems through 
the use ot problem ... solvlng snetbod ts the teache):' 1s 
most appropriate wa.y to achieve improvement 1ri 
problem•eolv1ng abilities. 

'4. .In destgn1ng and $eleot1ng problem s1tuat1ona sutt• 
able toxi Lmprovtng student problem•J.\olving ab111· 
ttes, it 1s important tha.t the teacher make the 
dtst 1nct ion between genuine pro bl.ems end t.hose 
which are not. The following eriter!a should 
sex-veto dettne authentic.problem eituat1one: 
a) There should be an obJeettve 1n vtew# b) 
There should be something blocking the obJeettve. 
e) TherE! shol.lld be an awareness o~ cons41ouanes$ 
of the goal and blocking obstacle. There should 
be intellectual aettvtty" d) There should be a 
high degree of subJeetive 1dent1t1cat1on oxi 
mot1vat1on. and. e) Fx-oblem e1tuat1Qns at both ends 
of a problem. difficulty eont1nuurn, whioh. range 
from extl1emes of the completely tam1.l'1.al' (i-ect 1 ... 
f 1able through unth1:nk1:ng,. habitual response) to 

540. w. Ferns .. 0 Prtno1pl.es for Des . ng and Conducttng 
Lf!Jarntng Expe:r1enees for Improving Frabl. SolV1n.g Ab1ltt1ea 
a.s Applied to Industrial Arts Teae.h1ng" (unpub. Ph.D. d!.s
sertatton, M1eh1gan state Untvex-stty, 1962),, pp. 1•6. 



puzzles (1olvable. throusn aco1dent., rat1o.nal 
mean$ being of little coneeque:noe), aJ:<e leaf! 
desirable problem. situettona than those in 
between and should be m1n.1m1zed. 

5. It should be reaogntzed that problem-.eolvtng 1s 
both a method and an ot>Jeot1ve 1n education. It 
!a a means for aehtevtng nume.r.ou, e4ucat1onal 
obJeot1ves., .including improvement of problem-
1olv1ng al;>111t1e.&. It 1.s also an end er a.n 
objeeti.ve of edwoat1on because of its slgn1f1., 
ea.nee as a method 1n llv1ng ind learning. 

6. fl'loblem-.solv:t.ng method .ts practieslly synot11moiua 
w1th. learn1ne&J and there a.re 1ndteat1ons th.at 
proble111-solv1ns ta gtnerally equal. or eu.per1oxi 
to othexi method$ ot learntn&. 

1. Learning experteneee., to be educative, shC>uld 
provide tor.turtber grow1h., torr interse'b1on 
'betwee11 1nc11v1dual and envt.ronmeni a.nd tot 
1.ntell1gent managblg of ends and meana. They· 
s.h.ould be o.ont1nuou.:s With paat and future exper1• 
enee, should have beth ao~1vean4 paes1ve ele• 
ment.a, and shQuld tnclude :retleetive th1nk1ng.55 

The preceding prtneiplee developed. 'bf Ferns have proved. 

to be of eons.tderable ase1atance to the reee4u,oher tn devel• 

o;ptng the problem•solv:t.ns lessons, in cQnducting the leasons.,, 

and 1n. the developing the trans.fer or lt!arntng examtnat1on1. 

In a4d1t1on to the ,even underlying principles state4 

previous!¥., Ferne developed 1.eventy additional pr1nc.1ples ot 

a more spea1t1o nature th&t relate to the pruuu,s of problem

aolving.. The epee1t1c pr1ne2.ples wh1e:h are espeeiall.J 

rela.ted to this pxioblem will be d1eetuu,.ed tn the tollowing 

paxiag:ttaphs: 

Undexr source and natuJ?e of problems., Fe:rn• 1u.aeets tha:t 

55 . . .·. ·. •, 
Ibid • ., pp. 23S.•i3.S. 



problems should include a 'balano tng ot old 21u1d new. Wl thout 

the new QX' strange elements there would be no problen11 with• 

out the old or .tamil.1.ar, inquiry :mtgbt be useless. He con• 

eludes that sohool aot1•1t1el3 . ., espee1all.1 tnduetrtal arts, 

can furnlsh a real potentlal tor deve1oprtent ot proble:m

solving because ot thtJ abundant opportunity tor active uee 

ot -.ue:r:i1ala and equipment. 56 

In a school situation, Ferns 1nd1eate.1 that ,iuggesttons 

tor aolut1ons ot prob.lems seem to 0.001.u, w1tb the 1nteraat1.on 

ot1 1) developing an aoqualntanceahtp with &lt1$t1ng con41-

t1:ons in a s1tuat1on, and :2) past exper1ence. Me believes 

tbe t,eaeher should. direct hi$ efforts toward prov1d..tng 

exper1e.nees wh.1eh help create a r1eh expertmental background., 

and toward enooutaging the problem-solver to saturate h1m

self' wtth 1nf'ormat1on sur:,ounc:U.ng the problem. situation. In 

addition, Ferns 1nd1cate.s that the atu4ent 1hould be pro

vided wi~h ti..me for inoubat1on bf 1ncludtng break, or d1:vel" .. 

sions from the concentrated attention on problema.57 

In respect to the u1e ot questtontng as a valuable teoh.

niqu.e in stimulating thinking, Feions. sugges.ts, 1) that que.s• 

t1ona aheuld motivate the student to use material already 

learned tn dealing wtth the problem., e) that questions shou:14 

direct 1,;he etud.ent t.o •ubJeot matter rathe;i than. to the 

teachex:i•s aim., thus avo141ng a "sues.etng bee" a• t.o what the 

56:tbid • ., pp. 197 ... 199. 

$711>1<1. • ., pp. 205-209. 



teacher ls really after, l) that quEust1ona should build to't1 

the 1tl.lclen:t a large tnelu.stve 11tuatlon w11ihtn wh1eh thei'e 

oan be moveateni tstom ene point to another, and w1tb.1n Whteb. 

meantngful re,lat1oneh1ps cunot be eeen, and 4) that q,uea

tton• should per1od1cally t.tequtre a hwer an« l'evlew ot 

stab~eot matter that hae been covered. iio extract new meanl.n;t 

a·u to gather together an<l hold what ta a1grU.tt•iur1r .. ·Si 

Pl'om the review of the hn.ckl . .entala coneeme4 wtth. 

1earntng, tt appea~a 1hai, in most oasea~ without a'Cinc.ture 

thtre w11l be no unders~aNllng or meaninghl leamtng. A 

meaningf\tl aet or approaob to learning oni, eve11tu,tes tn a 

•aatngtul 1ea1'n1q pf.'ooEuua aml outcome pi-ov1ded 'bhat the 

leamtns material 11lae1t ls potentlallJ meantngf\ll to the 

learner. It the learner•& lntentlon ts to 1t1emoii1ae, both 

the learntng proee,a and the learrHtJ' • s wioo.me 11Uat nec.•s

sartlJ ))e rofJe and. •an.1ngles•. 

Tc thla encl, the tea@er ll'RHlt develop and prennt the 

material 1n au.eh a way that; tt 11 relatable to Ille pa.i-111euJ.ar 

eop1i1ve atl"Uo·ture of the leaner. 

11 would seem that the eoneeJ,ta revtewed in !'Olat.1on to 

mcttvat1Qn woul<l als<l tint thel:ir place .!a the eour•• 4eve1op• 

Mnt and raethod.ology when selected by the tne of teacher 

wbQ eleots to teach with meaning and und.e~etadtqg. 

Aftel' provtdinS the adequate atl'Uetture bl the lea:rntq 

a1tuat1on,, the neat 1sportant oena.Lde:rat1on wb.leb tac11U1 tbe 

5i<r,t,.1A. "". . ~£ .... w.. # , • .cvw. 
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41scr1m1nat1ng teacher !s to maintain a. schedule ot 1ueeesa 

throughout the leseona Jtein.foreement involves arrangtng the 

learning situation so that whetn eond1:t1ons a:re appropriate, 

the learner will experience a series ot motivating plel!usant 

feelings as h.e progresses through the letu:·ntng unit. In 

this pl:'ooess., it would be helpful 1t tbe student had moJZ1e 

suece1u,ee than failures. 

li't•om the suggeatt.ons and guidanoe offered in the review 

of literatute eoncer.ned with probl.em-i,olving~ it seems that 

one should approach the task of cleve1op1ns. a lesson 1.nvolv• 

tng the problem-solving method with an awarene~$ that the 

use or th1$ method depends, l) upon the 1ncU:v1d:ual's oapao

it;y--the more mature the .1.ncU.vidual, the more read!J.y 1.n1tgbt 

<:>xi 1:tn<:iel'atand..ing ts e.ehiti:lved, 2) upo.n prev1.ou1 exper ienoe-

al tnougn not gua.ran.teed bJ ,ueh experi.enoe., sl.noe 1ns1s;ht e>.:r 

understandtng ts not posstble without 1.t, and 3) upon the 

expertmentel destsn-•unletiu, a sf.tuatton 1$ so ~rra.nged that 

1t can be structured bf the 1nd1vtdual., U>.$1gbt cannot be 

sa1ned. 



CMfTiffi III 

TS RESEAJlCM IXflRIME~ 

Although the revtew ot l1teratur, :11eveal.s that l$arntng 

ia a,u·,itJ;lted as be1ng tmpoitant, there ar• ma~ var1a1:1ons 1n 

meth~olou- at ~o bow 1 'b mJ.gbt be aceompl1shed most etf1 .... 

ct•ntl.v.. Mf.U\V believe ti.t the fflflthoda ensplo:,ed in 03;1pn.tz,• 

iJlS and pJ:1e-,.ent 1ng the eouree eon1H1nt will determine, to a 

great extent, the degree ot student understanding and abil

ity tQ trans.fer the t•a.Qu.s 1u1d. pi1:tlo1p.les n.e l.ea:rani 1n school 

te aet1v1t1e.s i.n hie daily l1vtng. All ed\tott1onal pxfegrams 

:p.re1u.mab]¥ reet upcm some aort of psJcholog1oa.l t.heorv, but 

1.n tbe case of recent eduoat1onal praet1ees,, the thfl()J.7 

appeal!s to be lmpl.ted more ot'tien than $tated. Th.1.s allowa 

fot: any eontrove:rratal and ecntua1ng 4treettons wntcb face 

the d1$er:tmi.nating teacher who ts r.,ommitt;ed. to offer the 

best teach1ng poes1ble.~ 

lt"uX'thel!' 1.n.ve~t1gat.1on of the literature 1ud.1.01tes that: 

#S.ome educator~ aupport a. d1:ieot-and ... deta1led method. Through 

th1a nte'bho<l, the tiubJ!ieii f&a'li.e~laJ. i, p.tt«Hte.nted. to I.he Stu• 

dcent tn g:reat detail.. The tnstruetor aaau.nies the .M.Jt>it 

:respona1b111.tJ tor the oc>n1d.ll.U1ty of t;ieve.l.opment,. an<l J-etn"" 

forc,.unent t.a ,seneral1¥ ,nrert., Otbtr ed.u.cators belS.eve tn a 

4T 



direeted ... diseover;r method ot instruction Wh1<ih plaees a, 

greater ~$aponsil»tl1ty upon tbe learner to part1otpate 

aot1ve.1.v- 1n the learning a1tuat1on. 

Additional investigation ot tne lit$tiature concerned 

w1tb llethods of teaeh1n,J :reveals that tlver, tbe past decade 

thex-e bas been a o<rntln\Jal.li tncreastng tntere,t 1n researah 

e¢na:ttaJtn•d. wi'fih ways of 1.mprovlng teeehi:ng... Wh1le l!H.>RW .Qt 

theae related atudi,e$ have fQund a d1recrted-d1sooveJ>f •thed 

to be $uper1oP 1n :retent1on s..nd transtar ot learning# no 

eenelus1:ve and eo.nsistent evtdenee has bean found. 

In vtew of th• ltt~1~aiurt tummarisec:l in (Haapter IX, tke 

de&ign foJ:' an appropriate. stud.7 shou.14 be CJoneerned w!th e<>n· 

trasting a metho4 of t.eaobi.ns,. involvuig cU.seoveq wtth some 

aaa11tanee, wl.th $ me:tbod ot teaching that ts 1:ulratttedly 

d1r~o.t-and ... f.ieta11e.4 but that none .... the-lesa emphasizes te,aehe1t 

a$s1.stauce tn undfU•trtancU.ng tbe p:rine1p1ee unde1" oonaidera ... 

ti.on.. In contrast wtth C1ther i,,elated. 1tud.Le$, this work will 

~mploy only senior hlgb :achool ind.1,2str1al arts students as 

subjects. The 1nstruot1enal content will be taken .from. a 

~peeifie ur.d.t usually .found 1n a course :t.n auto tueehanlce. 

In addition., the inatruot1011 wtll involve ·tile auoJeo;s 1n 

th~iy as well a~ i_n 1&bo:rato" woi·k. In th1a cha~ter, the 

~e:se,,u:,ah e.xper 1.ment ts or1anized and deJVeloped so that the 

nypot.beliea stated tn Cbapler I can be itatlst1oall7 analJ:ted, 

The follow1n, organ1tat.!on wi.11 inclu(l• an exp.lanat.ton of 

t.b.e aeiis;n of the expei•ifllen.t,, the populati.on aampl1ng, the 

learning tesk, the tl"e.atments, the 1nst.ruet1onal methods., 



!tf!'j; 
"".;;r 

*?hree treatment g:roupa, Mmely, the 1.U .. re<Jt-and-d.etailed., 

the 41.r,cted-dlsoov,u:17., and a control fp'oup., Wet*(;? eetab

ltshed under the terms id.entified. 1.n Chapt~r .I,, Det1n:1.t1on 

ot Terms. Tb.e aubJeets t1eiie stratified on mental ib1lity 

levels. Th.is was aaoomplished by first st:ratit7tng. the sub ... 

Jeeta into three ab111tiy level poups a<Joord1ng to IQ 

i,cores. From each of the level ixioups,. random astU.gmnents 

were made to the va:r1ous t.reat:ment g~oups. S\leh a proct1d:ure 

w,s belt.eve« to 1nsur$ that the final three groups were 

strat1t1ed relatively propol1t1onate 1n regard to subJeet.e 

wtth high, avera.ge., and low IQ s"Qre$. 

A$ given under Def1n1t1on of Terms tn Chapter I, the 

111.gh ability group :included those subJectt bavtng i.u. IQ 

score ot 107 er above, the average ability gxioup 1neluded 

t.noae subJecte havtng an IQ soore of 95 to lOo tnolu,aive, 

and the low ability group S.ncluded those subJeots with seoxies 

of 94 and belQW. 

The de.stgn of th1s stuur lends itaelt t¢' analyats ot 

varlanee as a primacy or nbeg1nntngtt 1IKM;ns of atatist1oal 

anaqg1.e" The first anci a<u)ond queatlona under the State. 

ment oE th• Problem tn Chllpte'~ I ai-e p.;r1mary treatments 

wh1eh can be iol.ved sepal'li\te.l.7., In reapett to theee q,ue.s

t:Lons,. the analyst.a of vaX'1ance of initial leavn1.ng soorea 

and tiranster et learning seores \fe.re dtr1$loped tua two 



separate 3 :x 3 factor1al de$.1gn problen1$ and both were 

analyzed tow main effeotis and first order interactions. 

S1no.e an , ... test ts only an overall. test ot thlit entire 

group, it w:as :neceHftar~r to test ·;.,;ne n:v.11 hypothests applied 

to t,t\e iHta.n d.!tfer.enoe by 1nd1.ViduaJL t ... te,$ts between treat· 

ments on each level to, thr.i :tnit 1$1 l$~rn1ng and transfer 

of learrd~Jll• 

The thl.rd and ttnal q}.;iestion in the statement c;f the 

problem requ1.refil a compartson ot the aame treatment on eaoh 

ot the thl'~e intelllg.en(te levels aeleeted, between int. ti.al 

learning a.nd tra:DJl:rer .of learntng. s.tnee an analys :Ls of 

va;rianoe had already b~ert computed for both sets of scores., 

incU.vidual t .. te5t$ were computed tor each :tntell1gence 

level, between Tl'eatment A toxi 1.re,t I and Test II and 

between Treatment B rer Teat I and Teat II. The cont~ol 

group waa not inoluded in the .tttnal ocnllpar1son. 

The expe:r1rnental varta'bles tn thia .study are: l) 

inet:ruetional methods, and 2) ability levels. r.t'he ci,1ter1on 

varial)lea al'.'e: l) :tntttal 1.earntn_g., as measured by an objec

tive test, administered following tne tn.structtonal period.$, 

and 2) a transfer ct l.earn:tng teat, a.a mf.)aaured following 

the .1:nit1al learntng tef:lt. The controlled variables tnelude: 

l.) methods ot presentation and eonterrb, a) length of tnetrue

tion ti.me_. 3) audlo-vlsual a1dt.,. and 4) ~,eats and testing 

conditton$ .. 

While the inatruet ional methods we.lN~ cons 1dered aa an 

expertmentetl Vtal11.a'ble, they weJ?e oo.ntroll~d to toe deg'l'fie 



thatl all lnatruc:rt:Lon wa$ tape recorded. Th1a required that 

individual tape recordlngs b~ prepared tar eaeh of the two 

methods under eonstderatton, including bo~h the theor1 and 

labol'ai:a:.r, parta. Fo:r th11$ ~eaeon, the 1nstruetton$l metho4s 

were 1neluded 1n the experimental var1ables and al.so 1n the 

controlled variables. 

The population used in th:l.$ experiment were Iowa senior 

hl.gh scbool 1ndustr1al .a.rta 1;rtrudenta. 

The eubJeet$ were aeJ..e.ete4 ~t :rand.om from high schools 

Wbion lte wttbin. a tol1t1-ttve miles rad.1us 0£ Cedar Fall,,. 

Iowa. Tbts sampl.e l.neluaea the maJor e1t1e:3 and. towns in 

twelve northeastern o~unttea o.f the state. 

'?he aeeurae1r of the s&n\ple used 1.n tbt.s e,cper11'1$:nt waa 

ex;P'#cted. te be improved bl' select1ns at :raadom, troJJ the 

.sample area, high schools fl'onu .l) twG ettiea wntch nave 

populations ot sevent.7-.tive hundx'ed. oll' mort. and 2) two 

uown.s wblch nave popul.at,tons betw(:)em two thousand. and 

seve:rdiy;,,.f1ve hundr~d pereo.ns. A cut ... ot.t pc:>int was believed 

t1eeee.aacy in tbe selection ot tbe amall, towns b.eeau@e ot 

the lack of 1.n<austr1al arts department1 in towns smal.lt.lr 

tbe.n this in $1.ze. 

The high sohoolf* 1n the maJor o lt1es wt.th populations 

of sevent;y ... t1ve huntred. and over w1.th1n the sample area 

1neluded Cedar 1'alls,, Chaxiles c1t7_. Marl"iballtown.; Oelwe1:n, 

East waterlo¢, and We.st Waterl.Qo. Waterloo and Ceda.r :rall.s. 



were the only two cities 1n t.he 1.nua»l• area having two 

public h1gh schl:;lola.. The exper1menter deetded that each of 

the h1Sh aehools 1n thes~ eUU.es would be tnoluded 1nd1v1d· 

uallJ Ul--the experiment. the State Celltge High Sehool. 1n 

Ceda:r Falls f'ailed ilo qualtt:)', bowever., b•cau.se of the lack 

of s,en!or hip sobo0l 1ndustr1al. tl'ts etrudenta .. 

The htgh $Choo.ts in tihe towrul wt,h: popu1at10ns or 

between two tnousanti au1d sev,nty ... ft,ve hundred wh1Qh fell 

wtth1n the iample aies. 1nQluded Grun¢ll cen.tlexi, LaFoJlte c1t7, 

lnd.ependenee., Iowa Falls •. New Hampton, Waverly,. arul Vtnton., 

Otbe11 towns W1th1.n this pc:,pulat1cn range wh1eh weie in the 

ta:mple area were not u11J.ed tn tne e~e:,unent because ot one 

or mo1:e of tbi!l followtns res .. toni i l) too tew lndustr-tal. 

arts students at the high. school level, 2) pro'blesni 1n 

scbedultng the e~pertment:, and 3) other a4mintetl\'at1ve rea ... 

. se">ns. Those towna in tbe $ample a:ea wh:Lo.n failed to q,ual• 

1f1 fol' selection were Eldora, .Hampten, Sumner., and Tol.e4o. 

:tt was bel1eved th.at a aamp.l.e Whleh mig,h.t be more 

repre•entattve of the tQtt1.l populat1on oould be selecteQ 

trom this area because aon•ol1dat1en ot sobools, la.rge area 

tra.naportat1on of puptle., and the mass movement of popula

tion f;r¢;,m ;riural to urb•n centera have a.lveady been centrUl·'"" 

ut1ng faet.Qrs in 1ncrea.a1.ng the un1torin1~Y of the scboola 

throughout the state. 

The at•e of th:e Nm,lt n•ee~stary tto p;rovJ..de ¢.ons1.de~

able depe.nd.a.bl.li~Y of the mean .a.nd E&tandar4 devtatton w1s 

(lete:ru.1ned and linU.ted. by the followt.ns ori:terta: 1) 



autbc;;rtttttve literatu~e on. the aubJeet, 2) l1m1tattons of 

ttme 1:nd expense eonce?ned. wLth <to1ng the expeX11ment, and 3) 

the avatlable numberi ot $en1or high a~hool lnd.Ystrial. art~ 

students 1n the town$ and. cities l"epreaented wtthin tne 

samp::Le. 

In re$pett to adequao1 ot tbe aiae of the sample, 

GaJ'rErtt ofter.; tne :rollowtng approximate stand~rd devtat1on 

i~nge oovered bf aample.liii ot dt.tt~rent s izei when drawn trom 

the normal population: 

ti• 10 

N • SO 

N * 200 

N • lOOO 

Range ! 2 .. '5 SI> 

Range_: 3.0 SD 

R$nge z].5 Sl>l 

.From the preoed.tng 1nformat1on and that found 111 'ra.ble A,, it 

is evident that an 1ncu ... eaae in numbers from two hundred t.o 

one t.housand would ra11e the range onlJ one standaid dev1~

tlon .. fb1.a Wie>Uld increase the area undle~ the no~mal curve 

leas than one-qua:rrt,er et one per e•nt. 1 

The seoon4 and tl'l1l1d 01;11 terta rela te4 tio t.be ·s tze Gt 

the sample were dete:rm1ned. by the Judgment alltl e;,cper 1encre ot 

t:he 'Jll'iter. Tne u:riter•s JPQSltton au the state college ot 

Io•a i 1equtx,ei mJme.roua extenslon vtsi1$ to various indua

tr,tal arts departments tn echool$ throu.;k€>ut the State. 

Theae v1s1tattontt allowed fr,r the oppoJ1tunitJ to tlnd the 

l ... ·. H. E .. Ga.r:l'ett., 
(New York, 1958), p. 

2tbid. , p. 44i. 



approximate number ot subJeots there who woultl be ava1lable 

in the s,hoole wtthin the pr,oposed sample area. A total tr>f 

twe hundred and fttteen aubJecta wert rcund to be avatlable 

tor the expertment. It was deo1d.ed that itrtitenty-thl?'ee sub

,Jeeta would be selected at random tor each eell,, represent•, 

tng the tour sehoola ee1eeted Ln tb,e sample area~ Since 

tner, are nine <Jells, 11ep:resent1:ng three methods times three 

treatme,nts,, a. total of two hundred and seven st.ibJeets were 

selected t:rom tboi,e avatlable. The tnlt1al dtstri'but1on of 
' 

subJeets •ssigned to eae.b oell is incl.teated in '£able I. 

P~!er to oarey1n1 out the experiment, a personal data 

t,beet was completed by all. potential allbjeets wttn1n the 

sample area to a1.u.t1.st. in the 0:r.gant.zatton and development ot 

the atudy ... Further explanat1<.>n of the pe.rsonal data sheet 

wtll be round later in tbts chapter. 

In tbe attempt to arrive at a perce:nta.ge Qf etudents who 

would be lost to the e:Kper1ment through tard1nei$s, abeenoe 

.f,rom t.1ehool, lack of complete recoiids, and other unforeeeen 

reaEJons, the wr:tter oneeke4 previous atte:n<huiee and tard1· 

n.ea$ reeor<ls ln eaeh of the four school,s involved tn the 

expe1'1ment. A fifteen pexi cent lo$s or iwenty ... ,even sub

Jects from the total sample ot two nundx«eu and seven was 

bel1e·vE1<1 to be adeqtua.te.,. This allowed the ttnal sample a1~e 

to be at least one huntl!'ed an.fl eighty &UbJeets,. It was 

<decided that the 11uittiU,t1ena1 subJects WhQ had eomplete4 the 

t.llxpe:r1men, beyond the one hunctred and eighty iequ:t.reid would. 

be used tn the statt.sttca,l result$.. Ind.teated in !able II 
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TABLE I 

INI'?IAL ASSIGNMENT OF SUBJECTS TO TREATMENTS AND LEVEIB 

Intelligence NUmb,e~ of SubJects 
l5 'rota I Level Treatmen'i I Treat•nti i · freat.ment 

High 
69 107 IQ 23 23 23 

a.nd above 

Averase 
95 to 
106 IQ. 

23 23 23 

Low 
94 IQ 23 23 23 69 
and below 

Total n 69 69 207 



are ,M ava llable nllmbelia o.t subJects -a.ss1gne4 to eaeb of 

the tlu'ee l·evele J.n reapeot to eaen of the two citi.es an4 

tbe two 1owns wbtob wea:e eeleote4 1n the stuae axaea. 

i'he experimenter wa3 <1onoerned w1tb votng the maxiDtUni . 

. 11\JllbGR ot eubJeots and. s1nce tbere app$.\re4 to 'be no a•eu-· 

· 11ate way to pied.to~ Wh1oh of ~be oella (the treatment grou.J)I 

or the a'b111i;y level po1;1ps) would a,uJtain the peat,e:r lose., 

. no 1n41v1dual .ad,J,ust•n1u1 were made. *?be tfJlal 41atll'1l>ut1on. 

·of aubJeets aea1gned to eaeh oell is tndioated 1n. Table Ill. 

1.U.ace bemogeneti7 ot the i-andom taRlJ!)liag appeaJFa to be· 

a con~ern .. ot an,- atat1atte1a11a., the ex.,erlJQentltl' 4e,eld.e4 to 

use, a Mi.bod of n,wn1U.ng ott*' the aample at rarulom. L.1nc1~ 

quiet explain.& the d1tfel*tn.ce between a rand.o• 1.n1aplt.ng ot 

the total population and tltvuU.ng a ea!l)le by l'&ndom 

Mthods in tn.e tol.lowt.q. paraatia.pha a 

It 1s ver1t3 seld.cua that an exper1•nteii oa:n ·d.~aw 
hf.a au1>Jectt s.txiloti.v at. random tYOllt the real popu
latlon 111. wb1e.h he 1a sasieally inte:reated. Usuallf 
he ••t 'be coaten'\l to. wol'k w1th. tb.cae m.tmbera ot that 
populattoa who are i-ead1l:7 ~.~t•ssi);)1'1 to htm, even 
thOugh the acoeaslble me111b•t• of ifie population. NY 
tU.r:ter s7ateat1call.J' f'rom thoae wno are aot. aocee
s1ble. A researeb wo:rker ln p1,-oJ'lOlQ§, tor eum»le,. 
m1pti wish to work w1•h. ra.n.d.oJU u.-,1e1· .h'om a popu-
1• t 1cn eon,u.e,ttns ot "all acbtl t •1•••" bu't •1 hacV• 
to be content. wt th a sample cou1st tng et male stu• 
<1en1u1 1n a aopho-.re eovrse 111 .;ene:111 :,syeholoo ln 
a part1.oular college or uatvel'.&1ty. • • • 

Ve'1!f tl"equentli# howevex-, tbe exi,es-tmentei- eat& 
4Jtaw h1a ex.per1menta.l ta\tbJecta a1;~1,,1v flt rauc1uri 
hma, tho·s:e aubJeets ibat "" aoeee.elble t<> nta. If 
not .. he ,an nee.rl.u al:wa;va at leaai fanilom1• h1e 
e~erlmenta1 sui.lJtu,t.a wt,h ret•ret\cct' to thi t11eat
ment1. 

That 1a,, by tule ,o:f a, tal>l• ot raffliom nwmb.eJ'e he· 
oan leave 1t str1e11J to ohanoe wh1o.h sub.jects are to 
oonet1tu1)e eaoh ti-eetunent group. Hav1ng 4on.e th1e. 
he OQ' then ta111i, contend that hla ~rlnaeatal 



TABLE II 

AVAILABLE SUBJECTS BY INTELLIGENCE 
LEVEL IN EACH SCHOOL 

Intell1gence 
Level Ce 

H1gh 
107 IQ ll 11 15 
and above 

Average 
8 14 95 to 15 

106 IQ 

Low 
94 IQ 21 14 9 
and below 

Total n 47 33 38 

57 

29 66 

23 60 

12 56 

64 182 



TABLE III 

ASSIGNMENT OF SUBJECTS TO TREATMEN'r8 AND LEVELS 

Intelligeno.e Number ot Subjects 
Level Treatment A Treatment B Treatment o TotaI 

High 
107 IQ 
and above 

Average 
95 to 
106 IQ 

Low 
94 IQ 
and 'below 

Total n 

21 

18 

19 

58 

23 22 66 

21 21 60 

16 21 56 

60 64 182 



groups are all random samples front the same l'qpo
t.nettoal parent pC>pulatton--e populatlon wbteb may 
he xiougbly defined a• consist.1ng of all individuals 
"lUtt those involved 1n the exper1a-n:t.nJ 

In the following paYagttaph L1.ndqu1.et relates how the 

":eountlng ott" method its aeeompl1she41 

i:tn, ."0011ntin~ .o.tt" ~tho~.= A BJQl\'e aommQn sltua
tion · is tliit .eubJeots from some.real population are 
available to.r.t e.xptr 1mental Jl.U';t)Qses., but lt ts not 
kn<rwn $.hat the available subJects are a strictly 
re.nd.cm Qmple trom. tna.t population. In th1a sit• 
uation also., the <U.itr1.but1on o.t the oontrol variable 
tor the populatirm may be unknown. In this caae., we 
ti.lan regard the available aubJeets aa a representattve 
A;Uample from a !)l!othe;:ttsi•l populatton~·one defined 
to :fit the aample. tne avatlable e.ubJeets are :first 
arranged in oztde:r o:t the control ver:tabl.e (arrang1.ng 
in. :random order all .. 1ndlv1duals hav 1n, the sanie 
value of the oonttol va:f!able). !he levels al:'e the:n 
o~n,ti1t\lted .. bf eount!.ng ott na .... subJectei4at a ttme 
f,..om the top ot the d1.td.i:r1btiftc:2n.. • ,,, • 

Alter the subJeett were X"anclont13r assigned.. to one of tile 

three tieatanents as to tbe1r 1ntelltgeno(t level" a <.lompa.r1• 

aon of the meane an..t standard devtattons of the 1ntellisente 

aeorea were eomputed. Tbe res1J.lt$ et t.h1i, eompa.rtaon on 

Table IV ind1eate that the tl'eat•nts are relatively unifor• 

on each 1nd.1vidual ab!ltty l~vel .. 

As a tin.al check,. a ,<-,1st for 1:nlt:t.al homogeneit~,. <!Jf 

variance for the subg:11oupa was computed... An 1nspeot1on ot· 

the standaxid dev1atlons ot eaeh ot the 'lell.s 1:n Table rv 

indteated that 1:ibe hts;be,;t variance wae 11':reatment o h1p 

31::. F. Lindquist, peel, -net Anetlzsi,a ot lkJ?fit:i?t~ent,a 
!! t~ze~o:1,oa and Eduoatl.:on~N,ew York, 1J;3r; PP~ YS•f4,. 

4 
lb!d., pp. 129-lJO. 



TABLE IV 

MEANS, STANDARD DEVIATIONS 01! Dfl'ELLIGENCB * SCORES 
AND NUMBER Oii SUJ3JECTS BY CELL, 

TREATMENT AND LEVEL 

Level 'l'rea tment A 

High 
107 IQ 
and above 

Average 
95 to 
106 IQ 

Low 
94 IQ 
and below 

112.10 s.a3 
21.00 

102,.00 
7.;o 

18.00 

87.80 
5.92 

19.00 

110.00 
6.80 

23.00 

90.80 
6.oo 

16,.00 

Treatment a 

115.30 
1.10 

23.00 

99.70 
5.72 

21.00 

90.00 
5.36 

21.00 

112.5Q 
6.78 

22.00 

100.30 
7.02 

.f!!V:'I. 00 cv •.. 



level and. the lowest, va%'1ance was Treatmen1 o low level. 

When, ib.e two variances were, tested. b7 d1v141ng the smaller 

val'tance into t,he laxiger,. the !'-value ot. 1.06 wae tound not 

;o be atpttloant on the -.05 level tro11 the P•ra110 table. 

Prevtou to ea.rq.1.n& out the, actual •iq,erlmen.t, tbe wo
Jeoia were aake4 to eol111)le't;e a personal ata sheet. several 

111•• ot intol'mat1on were requeetu,c1 ot the proapeetive sub-. 

J,eet, tMluds.ng. hie full mune., age, •mi grade. in S<Jh001. 

Thie tnformatJ.on was uaed 1n orpnS.a1ng tbe record.in,; sheet 

upon Wbleh the data bQll ,ne ob.tee.tive tes,t,a were 41str1b· 

ute4 and aumma.r1ze4. The mean# the atan.dard eev1at1c:m, of 

asea and niullbaii: of aubJeciia by ce11, and the t~eatm.en:~ and 

level •1 be t<>und 1n Table V in tb1e chlptei. 

A 1est for t..nt't1al ho1K>geneit7 ot varuu,ee to11 the sua. 

.groupa 1n ~able v uic:U.eate4 that the va,:r1antes 414 not 41t..

ter· 11p1ticantl7 :tiom one anot.her. An. bd»eei1on ot 1-be 

standard. devtatiou ot each of the cells ta Table Y revealed 

1;ha11.b.e highest vart.ance was treatment B average level au 
tbe 1aweat val:'t.ance wa• !Matant c average l,evel,.. When tu 

t.wo variances were teated b¥ dtv141QS, the smaller vartan.oe 

into the larger~ ilvt ,-value ot 2.15 waa t~ no, be s1an1t• 

1oan1 at the .05 level f:roa the F•Jtatlo table. 

Oi;!Wr 1ntormat1on 1:".eQ.\19.sted on the pel.:$OM1 data sbMt. 

wol.'se q.ue,ttona to 4etel'm1Jle WhetheJt the su1>3eo"t ha4 arq pre• 

v1ou, pow.el' meohan1os or au\omotlve 1ru,tuAu1uton OI* anr work, 

GXJ)el"ifHlte 1n the auto•u1ve f1el4. 'fb1,s. tni'<>ll'JJati.on as 

·uae,d aa a means of co •. 1-1.son wt.th teat reaul.ta to ao,nrtalft 



TABLE V 

MEANS, S'l'ANDARD DEVIATIONS .OP AGBS AND NUMBERS 
OP SUBJEO'l'S BY CELL, TREATMIN'f AND LEVEL 

Level 'rreataaent A Treatment B 'l'rea tment 

High X•16.Sl X•l7.00 X•l6.86 
107 IQ &•l.03 $illl .86 s• .a, 
and above n•21 n•23 n•22 

Average X•l6.67 X•l6.76 X•lo.76 
95 to s•l.04 s•l.93 s• .70 
106 IQ n•l8 n•2l n•21 

Low x=16.67 X•l6.62 X•l6.77 
94 IQ s• .99 8• .71 a•l.03 
and below n•l9 n•l6 n•2l 

total 58 .EiC) 64 

c Total 

66 

60 

56 

J.82 



any unreasonable varia.tions 1n test grades which mie;ht 

evolve from the experiment. 'fhe :results of thta information 

,is compiled tiora the tetlly sheet 1s indlcatecl in Figure 1. 

From Fteure 1, th.a ptt.tv1ous automot1ve training or work 

experience does not appear to affect teat grades. 

Another .function of the personal data sheet wae to col

lect certain information wtiteh might be used to verif) the 

aocrut-1.aey of the random aasienment · taken in th1$ atu<ly with 

an actual stiitbrtic obtained f.1:oni the l'eal populatton. In 

'fable VI the oocupatioM Qf fathers of the aubJeets are com

pared witb ooeupat:t.on, of fathers ot the Iowa labor force. 

Prom the table. the f'req1M~nQJ ot the samp.1.e expressed tn per 

cent aa compared with the trequencu ot tbe Iowa male l.abor 

tcn:Qe tndtoatee a rema.rksbly close rela.tlonsht,p between. the 

two p.opulat1ons. The greateet var.1.attona appear t.o be tn 

the ela.ss1t1oat 1qns et farm.ere and servlee worke:ca. 

The learning task: included two, r1tt1•min1.rt;e per1ods tor 

eaeb Qf the two methods of 1nst~uatton. The t!rst pertoct ot 

l.nstructton for beth ot the methods waJll enttx,ely theoret1ee.1. 

The secon4 per1o4 or tnstruetion tor both methode 1neluded 

be>tb theorettellll and applied aeotions tn the lessons but wa.a 

·or!.ented toward the man1pulattve or l.tb><il:ratory t.ype of 

1n$truet1on. The les&0na tor the first period of 1.n,t:ruetion 

~or both mtthoda were taped and ke1ed to a th1rt1•t1ve 

,ntllimeter eolored ftlmstrip. 
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Formal Instruction 
Per Cent 

~o~-t-~~a~5~· ~~-:-f50~-,-~-+7~5~,--,,"""-'\100 
More than 36 weeks liiii-~"""""'====i=-.......... --+-..... 

18-35 weeks 

9 ... 17 weeks, 

4- 8 weeks I 

I 

No previous courses•••••••-•-•-

}'/ork Experience 

More than 19 months l=:::=::t:::=:=1===::::t:===t::::.1 

12 ... 18 months . ' --·-- -- ·--' 

9 ... ll months 

6 8 montha 

3 - 5 months 

1 - 2 months I 

No experience . ------ .. 

.,_____) Average percentage ot test scores correct 

Average percentage time 1n courses or work experience 

Ftg. 1 .. Ave.rage Scores on Initial Learning Tests as 
Compared with SubJects Average Previous 
Automotive Training and Work Experience 



TABLE VI 

ANALYSIS AND COMPARISON OF OCCUPA'l'IONS OF FATHERS OF 
SUBJECTS WITH OCCUPATIONS OF MALE LABOR FORCE5 

classtf1oat1on i'l'equeney 1n Sample frequeno:, Male FopuJ.atton 
Total Per cent Total :Per cent 

Protesatonal, 
technical and 16 8.69 48,471 8.41 
k1ndred 

Farmel's and 26 14.30 140,065 23.24 
ta:rm manage Xis 

M$nagers, ort1e.1a1 
and proprietors 22 12.08 65,776 10.91 

Clerical and 10 5.38 34,313 5.82 
kindred 

Sales 9 4.84 38,091 6 .. 32 

Craftsmen, tore• 
men and kindred 30 16.25 99,299 16.31 

·Operators and 
kindred 28 15.20 98,065 16.31 

Private house .... 
hold 5 2.·65 1,665 .02 

se.rv1oe workers 
except household. 22 12.08 ~5,891 4.30 

farm laborers 
and foremen 0 o.oo 10,929 1.82 

Laborers except 
farm and mine 14 7.53 27,026 4.71 

Occupations not 
reported 0 o.oo 11,107 1.83 

Total 182 100.00 601,046 100.00 

Su.s. BUreau of the Census, E1gnteentb Decennial Census 
of tb.e United. States: lar. a·. POJ?Ulation., Vol. I., Part rt I Iowa 
Twailirngton, 1961), p. . .·• 



The subJeets were taught . the f'o'llowing 11;;em1u l) the 

prtnc1ples and relat1onsht:pe ot ear'buret1on 1n .11espect to 

basic engine operation., 2) the bas'ic underttandtngs of epark 

ttm111g, the 1gn.1tton svstem, -valve t1m1ns, and other ooJQpo• 

nent pa.rte o.r systems ot the engLne wh1eh arteet ea;ibu;re

tton, 3) the sctent1f1e ozi engineering principles related to 

the automotive tn,e carbur·etora., and 4) the conatructl.en ad 

tunctton ot the vartoue parts and sustems ot a typtcal auto .. 

motive type carburetors. 

In the tJeconct hour lesson, the ir,.struction 1n each 

method was ta.ped but on11 the lesason taught b;y the direct .... 

and-d.eta 11ed method was col'r$la:ted with the th1:rt,•1'1ve ·m11 .... 

ltmeter tllmlttrtp. In the c.t1iiected•O.ia.cove:r, ,art ot the, 

·second lesson., the eame tUmatrtps were used but the nbJeot 

was not required tn this case to cU.reet his attenti.on toward 

the screen. at a117 parttoul.ar time as wa& l'equ.tred tn both 

iesaona 1.nYolvJ.na the d.irect-and ... fieta 11ed method. 

Both me,hode ot instruction tor-,be aeoond ho1.1r 

Ut.eluded. the follow1ng 11;ems: l) the d1aatsembly ot the 

Rochester BC carburetQr bJ each ot '\lhe it'Ubjeota, 2) the 

1napeot ton and. expl.anat 1on of the tunot lon or tke part a and . 

. s7at.e11s., 3) the major adjustments. on the oarbu~etcu.~., an.cl 4) 

ibe zieasaembl.J o'E the carbure1Ul>r,. 

one tJt the lROSt 41.ttteult phB.•es ot tine exper1ment was 

the aelection ot • leam1ng task 1n the auvomottve f'telct 

-Whi,eb. could be suocesetullV accomp11&b.ed w1th:1n the sboJtt 

ti• allotted. 

/ 
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The following cr1ter1a were developed to u.se as a ;u14e 

tn the select.ion. and d.evelopme.nt ot the lea:rntns task: 

1) 'l'bat the tasks be ot suoh a nat.,u.~e \ha't they can be 

effeot1ve~ presente4 1n two, t1ti1 mlnUte periods. 

2) Th.at the taeks be c<ign1ttve and manipulative in 

nature. 

3) That the taaka eo:ntailn ••n1ns;tul. seJ..ent1.f1c and. 

tsechnieal rna.1searial .appl1oal>l.e to pJ1acrt1cal ttem• 

and under•tand1ng. 

4) That the 1n&uiiuct1onal method be 1:n the tncluetr1a1 

education. t1eld, nenee w1tb1n 11h.e expexstmen\er•s 

maJor 1nter,uJt field.. 

!J) That ihe task.I be within the abtltty levels ot the 

aubJeets but atill otter broa4nese ot und.e.rstand.tnga 

from s1mple to oomplex .• 

6) Tha.t the taske coJJta1n taeta, prt.ne1p1es, and gen• 

eraltzat1ons a4apta'ble tto tbe two me'thods ot presera• 

tation under cona1derat1on. 

7) That, the und.e:ratandings anti perfoJ'mance ot the 1ub"'" 

Jecrts be aueb that theJ ad.m1i to ob.jeet.lve evaluat.1on. 

A :number of 1tne baste reference book• 1n pn,stcs., eJW;1• 

neer.1ng, and autoDlOtive as well ae techn!eal ltteJ!atu.re eon

eeraed wtt.h internal combuat>1on engtnea and o.artnu,et1on. wer-e 

survqed for ,he pu;,poae of sel.ect 1ng tlle science and eng1• 

neertng pr1ne1plee that would appeal' to be helpft.tl in the 

<levelopment ot the le.saou. In acid1tlon,. the.ae same pr1n

ctp.les were used as an a14 in the developntent at the 



tranetexi ot 1earl\1ng obJect1ve-t1,e 1-est. 

i'ne :following lilt of the act•nee or engineering prln• 

c 1.ples was used 1n the development ot the 41:l'etrt•and..-d.eta tled 

lessons and. the 41:reoted-diseoveq lesaonai (Tbe&e pr1nei• 

plea were a'lso used 1n the «eveloprnen; ot a mult1ple e11o1.ee 

tJpe test which ns intended to evaluate the aub.jeets• 

ab1l1t,' t.() transfer, these concept• to otheit appl1eat1ons.) 

1. The ot•tal thermostat1e $J>1"1ng •. 

2. centrifugal 1dvance meoban1asu. 

J. va~um advance uob.a.n11ms. 

4. Heat. r1ser pr1n.c1pl.e$. 

5. Bum,tng time in constant pressure an4 ·oonsta.nt 

volume engines. 

6. ll1sir!but lon of fuel 1n JllatU.f:olding. 

T. :Fuel/at:s:" :ratios •no. btn:1nlng t1M. 

8. Jrtnc tples or engine pu-,1ng, alrokee ( vacuum) • 

s,. Combust1on etuunbef shape and :relation 1.o 'bul'n1ng 

t1me. 

10. Rest.r1ct1on 1n gas or ltqu14 flow (engtne 'breathing'). 

11. supercha~g1q pr!nelples. 

1.2. Vapo»izat1on ot liquids. 

13. Atmoepher1c pl!'eaaure. 

14. Economy an.cl Use :,elation to engine de11gn and opera

tlon. 

15. Pr1nc1plea of pumps. 

16. Alr flow r:ba:racteJ?1stios in p1p1:q. 

17. Metering 1tqu1da (fuel). 



18. Ventur!. pr1no1ples. 

19. Ato'mizat ton ... metho.de or breaking up a ltq,u 1d.. 

20. B<;>111ng _points et ltqutd.e :and etteots ot pressut'e. 

21. 1'1lt•r1ng prtnclplee. 

a.. Dttferen¢es tn hel molewl•s and relatlonsb1ps to 

.vaporlzation. 

23. Prtnc1ples ct ab1 eempi-•••ton. 

aJt.. Expansion ot a1r or tlutd& and 1.'elat1on to re:rr1g• 

eration. 

as.. Comparisons of htgh per,tormanee and low perform-.. -

anee engines with vartous tpeeds aad mtxtu:,es. 

a6. Foro_e per t.tnii area .... P .s. I. 

%'/. Preiusure dttferenttal. 

iSJO Altitude, e.ba)!lges and. relation to pressur• ohange. 

29. Barometers. 

30. Manometere. 

31. Spec tf 1c gravttr. 

Ja. treasure gauges. 

3.3.. Relattonshtp between atmosphel'te pi'essur·e and va.wu11. 

34. Prtnctples ot:' aero~mtca. 

35. VentLng p:rtnciples .... tntemal, e:.c\ernal;; aD,d earn,. 

b1natton .. 

36.. Inert ta .. 

rt. Leverage prtnetples .... meohan.ical advantage, olaa1e1 

ot le'Vel*s. 

38. Bou;yanoy ... Archtm.edeti • pr1no1ples. 

39. IftstNmentat1on ... aetua.ted by pHssuxie· dttterent1a1. 



TO 

400 con.t;rola .. actuated by presau.re tU . .tterential. 

41. Plo~ters. 

42. l?l' 1ne tples of oarn1s. 

43. Relat tve .ra41al movement. betwe.en two cuwed t;Nr ... 

taces 1n relation to ( two) tlat surtae,aa •. 

44. Fastening, bol41ng and locking dev1eee. 

45. aprtng expansion., compl:'eaa1on and tension. 

46. rrtctton. 

47. Pounde per square 1noh. 

48. Orifice - control and measurement. 

49. Linkage length changes - used .tor adJustent. 

50. Temperature re1au1onshipa to volume and pressure. 

A 1eparate 'btbl1ograpbJ loca\ed 1n AppendUt », oenta1na 

the list ot the previousl,y ment1oned reference books wb1ch 

were \U'ttld 1n the d.evelopmeat ot the to.resolng pr1notp1es. 

The two pii1mal1J oompa;r:i!aona ,mder eona!deratton m tb1.s 

experf.aaental atu,:iJ are the dtrect-ancl-4eta1led an4 41reeted

d1scoveq methods of 'fHJ.taoblng. Although tkese two methods 

have been defined 1n C.hapteJt I, a more detailoci ana.i,e1il ot 

eaeb11 xre1attve to its deet,sn, appea:rs to be tleceesaey. S.ince 

reaearohers and wrtte,tis 1ncl1,eate w1de variations 1:n each ot 

the llwo methods, it wr11:s l>el1eved neeesaa,i;IJ bl the wrt.ter to 

tor®l.ate .-ome method of d.eter-m1ning wbere each me1.hod in 

que,t1on t.s locatec:1 on a seale between the two ex.tremes. 

The experimenter at-tempted to ld.enttt, ertterta wb1oh 
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could be emploJed. bf persons aoqua1nted wttb the two experi· 

mental lessons as a 'bas ts tor eomp(U' ing the two metbods~ 

'the f1ret er1ter1on 1e concerned with identltication of the 

ba,stc source and the amount of respon&11.l1ltty of the oonti

nu1ty of 4evelopment in t.he lea1~n:Lng process.. In the 

41rect-and-d.eta1led lletbot\ of instruot1on~ the respons1b!l1tY 

tor adding new and mean1ngtul mater1al to the existing cog+ 

n1t1ve atruoture and/or developing rela.tionij.hlps and s;ener ... 

all.zing was primarily the respena1b.1lity o:t the tea~ber. 

However,. in the d1re<lted-dill3cevery metho<l of instruction., a 

gres.ter respon&1b1l1t:y for oontinu1.ty 0:t development resided 

w1tb the eubJects thrc;mgb. use of t.hought (l'Ueettone,. cues.,. 

and pauses dur 1ng the presen.ta t ion., 

A iieeond ertterion urJed a& a measure Qf method is the 

natl.lre ot the re 1nforcement when adtU.ng new ••ntngtul 

mate:rta.l. In the d1rect...and•deta1led m.etbed, the teacher 

assumed the major respons1.b111.t.y for :cetnfol:'cement by means 

ot deta1le4 ~epet1.t1on and <11:feet re-appl.1cat1on. In ¢0:n

t.rait., tbe d1reeted•di1covexw snethod RI' developed to place 

mQ:fe respons11;>111.t1 upon the individual fotl reinforcement in 

tbe learning procees thro~gn 1ndepend•n;t recall,. Th.is was 

stimulated i.,y oues,. guided questions., and. 1nd.1v::tdual applt• 

eat tons. 

A th1rd basis of e.ompartson wa, concerned with the 

nature of closure or the oon.olusiou of tbfi lnd.1v1dual parts 

ot the le,so:n.$. In the d1reet-anct .... deta 1led method ot p~es

enta tton, the actual prinetpl.et were st,ated a.nd the iB&ue8 



presented. and 11esolved in detatl. The maJor responstb1lity 

tor closure was included in the de$1gn o.f the pretJentat1on. 

In the oontt~sted method,. the nature of cl.oau:re l.s closely 

related to the phenomenon of 1na1ght .. Therefore. pr1noiples 

are approached but seldom etated ln detail, 1seues are 

;raised but not resolved, and summary ,tatements are aub .... 

&t1tuted. w1th thought-type questions. 

A t1na.1 criterion applted aia a measure of the n.ature 

and 41fferenee between the methods under con$1derat1on :ls 

eonoernea with the phye1oal sitructure of the two les::ions. 

$hort periods o.t time JnUll$t be allowed fo~ the subject to 

think as va:rious proble.lllfl are presented throughout the 

lesson. 

In the direct-and-deta1ltd. method. no time ts allowed. 

The subJect must cont.tnually ;tve hia full at.tenttcpn te what 

is betni eatd. or he will m1a1:1 that ~eetton. 

The contrasted method allows t1me atter eaeh quest:ton 

c::: eue~ ao that the suoJeet will n<>t be mtastng part of the 

1nstruct1on while he is thtnktng. 

As a m.eans of compar:tns the two leaaons on the ba.sts of 

the preceding oriter1a, certain g:raduate students :from the 

St.ate College or Iowa ,,ere asked to tnapec:t the .:filmstrip and 

the two d.1tferent pre$entat:tons. Having acquired an under

itand.tng of the evaluative ert.terta prevtous to tnspeetton 

or the lesaons:11 these etudents were then ~tlked to plaee the 

pos1t1.on ot eaeh of the ertterla ia.s accurately ae posstble 

on a spectall.7 prepared soale~ A suuunary ot tne combined 



resulir, ot their a'b111t7 to d1.eor1trt1nate between the two 

methods presen.ted ta 1ndioate·4 paph1call7 tn .PLgure a .on. 

ihe following page. 

13 

In F1gure 2., the uwo ex.tl'emea tr>t the d1reete4•d1eoove,r 

metru>4 are (0) and (4) on 'bhe lef't at4e ot the acale and t.u 

two extremes or the 4trect...-and.-4etalled. utho4 are (0) and 
(4) on the r·tgn.t s:tde or the scale. In thta 1fQ' the number 

( a) on 'both the lett and. the rtsht side.a ot the scale 1.a 

the average tor eaeh method. 

The subJects were a.aatped 'b7 1nlell1senoe levels to 

'!reatment A., ,?reat·ment :a, and Tr'eatment o. Those aubjeet, 

1n '!reatrient c reee1'Ved. no tnstruott<>n but were tested. with 

,he aant• two tests along w1 th the subJec'ba in 'f:reat111enta A. 

and B.. Since no pre•test was a4m1nlatered to aQY of the 

th:ree gro\llpa used in tb1s studJ I the ma 1n purpo$e ~f treat:• 

aeni c (the eontrol poup} was to allotf' tor a eompart.eon 

through test eeores betwet1tn t.be d1,:ieot-anll•detatled utethod, 

the d1reeted--d1acoveq atho4, and the control grc:rup wh1cb 

had no tnstructton. 

The wbJects in Treatmen'ba A and. B ~•e·e1ve4 app:ll'oas.

•telr one hund11ecl and ten mtmit.e·a ot tnatruetto• tn each of 

the two dttfell!ent :SOetho4s unllle::r tav~niJtipt1on. This lMt.WO:• 

tton was given 1n two ttft,•t1ve ·iat.nute lesaou. A genenl 

tnstruotton pe.r1od of' ten minutes. was held with bo'bh g .. oupa 

p:rev1oue to 1nc11vtd.ual gl'oup lnstructton. ifhe 1Mtruou1on 
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common to botb·grou:ps 1nclu4ed: 

l.) A brief statement of th.e t.mportance ot ed1.1aat1ona1 

· t'esearch. 

2) A br1et statelllGnt of ihe pttrpo·se of tne atn.i~. 

3) A· ata1u.tmetnt expla tning the use of the iJape · recol!'tie;f 

and colored al1dtul~ 

4) Staterner1ts to nwrb1vate s1lu4enta. 

5) A stateUlent tn.dica1n.ng that tnq all would be teate4 •. 

(Nothing was men'b1oned aa to what sub.feet matertal 

would be taught.) 

A sche4ule ot tne expertment and the testa for eaoh ot 

$he tour $Choolt 1n tbe easnple eit1es and $owns ia 1nd1ca• 

ted 1.n Table VII. 

All lnstruci1onal and testing s,uua.ons WEJ're oomtueted 

1n we1i-11gn1.led and. adequately equ1pptt4 claasroou that were 

adapted tQ the expei'1mental .a1tuat;1on. the labora\017 work 

benohes \u1ec.i folf the d1aatUJefllbl.J and reaiiutetn'bl.J par1u1 ot the 

tne'4tuc.tton were adequate tor the m1n1nnua req:uu.~ePM!lnt ot 
tttte•n woiik statl.C;,11&. Baell w;ork station was equipped with 

one Ro1;1hester BC e&,:tburtttor. one parts pan, one shop cloth, 

two sorewdrtvers. amt a float level gauge. one V&4\lUDl gauge,. 

one U•·tnabe manoraeteJZ', and aome outawa7 vacuum and pressure 

gau.gElS were ava 11.abl.e tor a1l. aub3eots to •xa•lne. 

All 0J1al tnstructton was provtd.ed through the m&d.ium of 

tape recot41ngs. Thta allowed for a means of controlling 



TABLE VII 

SCHEDULE OP THE EKPIRD1ENT l'OR EACH 0'8 THE 
SCHOOLS IN THE SAMPLE CITIES 

Sequence Days Time Allotted Treatment Su'bJeet 

l 10 1ttinute1 A,:B and c Orientation 

2 55 m1nutes A and B Leeson I 

3 55 minutes A and B Leason II 

4 55 minutes A1B and c 'fest I 

5 55 minutes A,B a,nd. c Test II 

76 



77 

the p.l'ese:ntat1ons given to the various ,eapertmental grc,ups. 

Dur1ng the t1rst hour o.f 1rtstruct1ou both A and :a 

'treatment groups 'loskecl at. colored til.Dtetr1ps... t.rile ttlm• 

atrtp1 were 14ent1eal for both txaeatments;, although the 

reeoNtngs to which. they were keyed. <U.ttered relative to 

the ntture o'f the methods of pM$ent.ati1on und.e~ oonapari.&on •. 

'?he subJeets 1.n each treatment. we.re exposed. to equal auunts 

c;;;t id.me to each 1llu,tit'atton. 

on11 tn the. TreatJilent B (d.1re.e:ted·<U.,soover, method.) 

we:e t1me pa·u•ee allowed wbe.re no sound was hear4. The tune 

paua.e• range4 1.n length ~om three seconds to ien •econda 

4epen4ent upon the d1tficulty of ,ne queation or eue. sev• 

eral trtal runs ln adcU.tion to the p1lot at.ucly allowed the 

~ea.earoner to appor'ttoa the t-.1.Jne pauses,. 

A teat. tntended to meature 1n1tl1aJ. J.ea.mtng w1u, edmtn-

1atered to all trea t.•nt. poupa followtng ·t:be final 1nst.ru.c ... 

i1onal pertod. The following 48:, a test 4e.iJ~4 to mea11ui,e 

trens.f~.r of learntna wae a«.tnt,tere4 to all. t:,reatM:nt gi,oups. 

llk>tb teate censts~ed of urultipl<i choice queet1ons. An 

att:emp'b •• made 1n tb.e design o.t botn tests t.o 1n4uoe con•· 

a1<lerable d1ser1latnalton 1;nto the various obo1oes for ee.eh 

q_11es t ton. 

The tn1t1al learnlng test had tt.ftJ 1tems, whereas the 

tiaw,ter ot learning teat bad. only tor1JJ-tour itesus because, 

the lattexi was expected to be the 1l0l'e 41.ttteult ot the two. 
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There was no time l1m1.t aet on either of the tests and after 

repeated trial runs, fifty minutes tor eaoh teat proved that 

.adequate time was allowed for all subJects. 

Sinee there W4ilS ample opportunity to determine the 

reliabtlity ot the tests on trial runs., a htgh ocet.f1eient 

ot reliabil1ty waa expected when the questions were examined 

following the final atuay. A oompar1.son betwe$n the coe:t

t1c1ent of reliability .tor both tests on the pilot stutlf an« 

tor the final study may be found in Table VIII in thts 

chapter .• 

Example& ot all th.e test questions ln both the 1n1.t1al. 

learning and transfexi of learning tests may be found tn 

Appendix c. 

A pilet stu([4t was oonduoted at the Cedar Fa.lls High 

School during the 1964 spring semester. The main purpoiie 

ot the pilot study was to determine the appropriateness of 

t.he lesson& amt test to be used 1n the experiment for tentor 

high school lndustJ:11al arte stude.nts. All of the senior 

blgh students 1n. two industrial arts el~u,ses part1o1pated in 

the experiment. The fi!JUbJects 1n these two classes were 

assumed to be similar in 1.ntelltgence, interests., and. atti• 

tudes to the proposed. sa.mple of the popula.t.1.on tor the 

reeearoh study. 

For the purposes of the pilot study., each <?laEJa was con• 

sidered. as an experimental group. Both classes were equa.ted. 



'rABLEVIII 

RELIABILITY COEFFICIENTS* OF CRITERION TESTS 
OF THE FINAL S'rUDY AND-lflm PILOT STUDY 

Te.st 

Initial 
Learning 

Transter1ot 
Leaming 

.96 

.• 95 

*(Spl1t•balves rel1abi.lit¥ coett1c1ent) 

Pilot study 

.84 

l 
The tra.nster ot learning test was slightly rev1&$d 

:between the pilot and the final study. 

19 



as to level ot intelligence and tro each ot the levels of 

each clas two subjects we.re lected random~ to s rve as 

th control group. During the t'trst experimental session., 

the two groups r ceiv,ed a tape recorded le son wh1eh was 

keyed to a th1rty- t'1ve m1ll1meter filmstrip . This lesson 

was concerned w1th baste sc1ent1ttc pr1nc1plea and th con

struet1on and functions of a typical automotive-typ c rbu

r tor . Each ot th two groups was taught by one ot the two 

methods of instruction un~ r 1nve t1gat1on. In the second 

experimental sea ion wh1eh was tven the following day., the 

two groups received a tape reQorded lesson concerned wtth 

disassembly ., tracing o1rcu1t ., and adJustment of th 

Rochester BO c rbur . tor. Each group was taught by the s • 

method of 1nstruot1on adsn1n1etered on the previous day . The 

control group wa not preeent during tnstructton ot the 

ex.p4,tr1mental group and did not receive 8l'l1' instruction. 

rollow1ng 1nstruction, all groups including the control 

group were ad 1n1stered, t1rst., an objective test dea1gned to 

evaluate w1de ppl1cat1ons of 1n1't1 1 learning or tr n ter 

ot l arntng. 

The pilot study proved to be snost valuabl to the 

ex.per1 nter 1n that 1.t provided an opportunity tor th 

expertmenter to, l) try out the recorded .1 ssons wttb 

en1or high school 1ndustrtal arts students., 2) determine 

the amount of time requ1:red tor presentation of the illus

trations and to determine the length ot the pauses prov1d 4 

on the r cordJ.ng,, 3) evaluat the appropriateness of th 



test items and determine 1;he leqt.b. of time neeesaaq to 

adln1n1ste,:, the teat.ins aut,aaton, 4) dtter,nt.ne the ttme nee .. 

es$a;ey tol:! 41sassembq and. i'ea,eemtll.1' procedurea and, 5) 

·evalua.te the general level ot vocabula,%7 and technical 

\erms that were 'be1n.g used 1n the e.~er1men'b. 
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VALIDA1'ION' OP INSTRUMENT Alfi) RESULTS 

Control gr9u;e. The eonti-ol group was. lneluded in the 

research design ot: th11 experimental stud.J for two distinct 

purpoEJes. F!ret, it ieemed pertiin.en.t. to obtaln. obJeottve 

meaaures ot the extent to wh1eh the su'bJects tnelucled 1n 

tht& investigation bad, prior knowledge ot the learning task. 

The pe:rt0rma.n<Je of the control group siabJe.et, tn. respect to 

both the initial learntng and transfer .of lea:rning tests 

ind.teated that they posse1iuu9d aome knowltdge of the 1earn1~ 

ta.,k. Thie was further supported bf 1nf'ormat1Qrl obtained 

trom the personal data sheet1. From a tota.1 ot sixtu-:rour 

boys in the Qontrol group., twenty-six pet.1 cent 1:ndtcated 

that they had some 1nstruotiion related to the learning ta.alt. 

The oontrol group., then, •1 not be regar.ded as a totally 

untn.structed g;roup. In addition, since the subjects in 

Treaomenta A, :a., and c were randomly asslgned, it may be 

assumed that the subjects in Treatment~ A and B po1iu.u,ssed a 

s1mU.a.r level of prtor knowledge ot the learning task. 

Stat1st1.es tndlcate that the subJeota taught bJ Treat• 

ments A and .B proved superior to those 1n Treatmenti C 1n both 

init!al learning and transfer of leaxin1ng tests. SS.nee 
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the e groups did d1ff''er tgn1f1cantly., 1t may be asau d 

that the test results of the ubJ eta in Treatment groups A 

and B resul ted 1n part trom the d1tferent1al treatments . 

A second purpo tor which the control group was used 

1n this experiment l study was to employ the test scores of 

this group as a means to deter 1ne the corr latton betw en 

the 1n1t1 1 l earning and the transter ot learni.ng teate . 

In Chapter I., 1n1t1al l arning was detln d s that 

learning which reters to the charaoter and extent to which 

the subJfleta ar able to recall the pr1nc1ples., skills., nd 

understandings which wer presented tn the lessons. Trans• 

fer of learning, on the oth r hand., was said to ooour when 

old learning nd new problem e1tuat1ons . r interrelated 

beca-uee of common prtnctples., factors., sttmul1~ or appl1ca• 

tLone . In tht study', trans.fer ot 1 rning occurs wh n stu

dents are able to pply learn d pr1nc1ples 1n the elution 

of new probl • Slnce this 3tudy was not concern d with 

contrasting the two tbods at their xtreme positions., it 

appears rea onabl to a sume that ne1th r should the tests 

be con tructed to evaluate these methods at their xtreme 

po 1t1ons. Th correlation ot 1n1t1al l arntng with tr na-

r, rot le rntng test scor s by treatments and by levels Ls 

indicated 1n T ble IX. Fo~ number of reasons the correla

tions found in th1 table do not indicate that the thoda 

are being measured at their extr m positions.. The subject• 

1n Tre tment A who were tau ht by the dtrect-and-deta1led 

method hav th highest correlation 1ndtv1dually as to 1 vela 



Intelligence 
Level -
High 
107 IQ 
and above 

Average 
95 to 
106 IQ 

Low 
94 IQ 
and below 

Total within 
Treatments 

TABLE IX 

CORRELATION OF INITIAL LEARNING WITH TRANSFER OF 
LEARNING TEST SCORES BY TREATMENTS 

AND LEVELS 

.935 .605 .353 

.806 .449 .439 

.788 .450 -.171 

.758 

.617 

.035 

.914 .6o9 .289 A+B .. C • 730 

0) 
'+:" 
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nd also total within tr at nta . Thoee, subJeats in Treat

snent B who were taught by the dtr oted,•cl1 coveey m thod were 

found tQ show le s correlation than was found 1n Treat nt A 

betw en th 1n1t1 l learning and th tran ter ot learning 

test . The control group who had no 1nstruct1on lndicated 

the least aD10unt of corral tion betw en th two tests 1n 

respect to total w1th1n treatments . The low IQ level ot 

Tr atment C (control roup) indicated a negative o~ tnver e 

relattonsbtp between the two t sts. Although th1.s stat1st1c 

must be considered to hav only 111u trat1ve value, it does 

suggest that 1n respect to the control group, the two tests 

are measuring two different things tn ome degree a 1nd1• 
l cated by Garrett. 

In n tte111>t to interpret th sign1£1canc or n1ng 

of r lationehtp xpress d by a certain correlation coet

t1c1ent, Garrett eugge ts a general guide upon whloh they 

y be Judge . Th1 1nclud si 1) the nature ot vari bles 

with wh1ch w are d altng,, 2) the s1gn1t1eanc . ot th coet

t1c1ent, 3) the variability o the group, 4) the r 11 b111tJ 

ooetttoients ot th t sts use, and 5) th purpos tor which 
2 th oorrelatton w computed. 

To consider, first, th nature ot th variabl s be1n 

correlated, Garrett. uggests that measures between ach1eve

enta oonsid red high should usually have a correlation ot 

l Oar:rett, p . 123. 

2Ib1d., p . 176. 
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trom .. 40 to .6o.3 From thia itaternent bJ Garrett, a corre ... 

lat ton o:r • 730 tor the total wt thin treatments (A•B•C) in 

Table IX would appeal.' to denote a high relatio.nabip between 

the two teetah 

In this ~tu~., the su"bJeets we.re :a.elected at random 

trom :t.ndus.trial arts elassea 1n high s~bools whi.cb were also 

seleeted at random trom. within a a.ample area. Since the IQ 

;.c<,>res a.s to each treatment dld not appear to differ s:t.gn1 .... 

t1eantly, the ver1.ab.1ll.tJ of the group would .seem to be 

homogeneous. The :.f"ourth genertl guide :elating to rel1~

bil1ty o:t the two tettf;; would appear to fulf!J.l Garrett's 

requiremen.ts with co:rrelattons ot .96 and .• 95 x,espeottvel.1' 

as ahown 1n Tablllf VIll in Chapter I.II.. 

The correlation &$ o.omputed 1n this t;Jtu(iJ to determine 

whetbel? there wa, a dltterenee between tbe two tests itl 

respect to what the1 mea•uted. Btnee the oorrelatton was 

high., the two test,e were probably meas\uttns somewhat the 

aame thingaJ however . .- the J:1es~tU'cher <ieo1ded t.o use the dat~ 

t.rom both tests in D)Qk1ng the atatlsttcal anaJ.us1s because 

there wa,. no reason tQ bel.1eV$ the da.ta would detraet trom 

the study and there was eve1;1 posstbtlltJ that it would g;ive 

a<hiittonal direction an.d olarltJ. 

HQmoe.ene,;ttz . .2!. s .. ubi:roµ12s. 11. need to telr!t, tol" tlle homo .... 

genetty .of ve.rf.an(te f:or the subgroups os u1<U.eated :tn Chap .... 

texi III under Populatton and hmpllng. Gaxirett eu.ggeat.s 



that a simple check on. tne equal1ty of sample vnrt.aneea can 

be made by oaloulating the 1u.m of sq;uares for each group 

separately, by d.1v1d1ng by the appropriate degrees of f;J;1etil

dom,, and by then testing the largest viu.1 1.ance against the 
4 small.fist val"tanee for s11nifl.<;anoe by the :!?-test. 

An inepeot;ion of the standard devtat1ons ot"" each of ·the 

cells from 1raoles X ami XJ: i.ndteate that the htghe.st vari• 

auce under Test I was Treatm.en.t A, average level and the 

lowest variance was Treatment e, low level. Wfy.en the two 

vartaneea were tested by dividing the smaller va.:rianoe 1nto 

the larger, the F value of 2.24 was found not t0 'be &1gn1f1• 

cant a.t the .10 level r1~om the F-rat1o table .. 

Aeo.o.rdi111 to Qal'rett,. the two-tailed teat ts used when 

the researeh.e~ is ~ttempting to discover whether two groupai 

nave eonoeivably been ch;:awn :rrom the $&me populatton.5 If 

the F-ratio table is used to test the s1gn1i'1.oanoe of the 

preoedin,g value ot: uF.,H the points of s1gnif'loance must be 

ohariged to levels oi' sign1t1oance.. Thia 1s ae.oompl1ah:ed b)" 

multiplying the point of' s1gn1.f1canoe by two. 

Und.$1:' 'feat II an inspect.ion of the standa:.t1d uev1at1ons 

oi' the cells indicate Treatment B., average level to be cjhe 

.highe.st variance and !fx1eatment c, low level to be the lowest 

va:riance. When the two variances wera tested under the sa*.le 

4 286. Ibid. .. I .P· 

51010.., p. 217. 



TABLE X 

MEANS, STANDARD DEVIATIONS, AND NUMBERS OF SUBJECTS 
.FOR INITIAL LEARNING TEST SCORES BY ALL 

TREATMENTS AND LEVELS 

Level Treatment A Treatment B Treatment c Total 

Htgh x•26.619 x•'i!7.087 x•20.409 
' 107 IQ s• 6.777 s• 6.150 s• 5.985 

and above n•2l n•23 n•22 66 

Average x•as.005 X•22.619 X•li.952 
95 to s• i.136 s• 6.722 s• .754 
106 IQ n•l n•21 n•21 60 

Low X=lz..263 .X:20.125 X=l3.767 
94 IQ s• .90 s• 5.397 s• 4.522 
and below n•l9 n•l6 n•2l 56 

Total n 58 6o 64 182 
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TABLE XI 

MEANS, STANDARD DEVIATIONS, AND NUMBERS OF SUBJECTS 
FOR TRANSFER OF LEARNING TEST SCORES BY 

ALL TREATMENTS AND LEVELS 

; ,\ 

Level Treatment A Treatment B Treatment c Total 

High X•l9.857 x•23.087 X•16.909 
107 IQ S• 5.727 s• 4.779 S• 4.545 
and above n•2l n•23 n•22 66 

Average x-20.778 X•20 .. 476 'X•l4.286 
95 to s= 6.225 s= 6.640 s= 4.142 
106 IQ n•l8 n•21 n•2l 60 

Low X•14.526 X•l5.550 X•ll.409 
94 IQ s• 4.967 s• 3.886 s• 3.798 
and below n•l9 n•l6 n•2l 56 

Total n 58 60 64 182 



found not to be s1gn1t1c,nt at the .~o level. 

The results o'f the pievtous oheoks tcr ho-.,genettJ ot 

the su.'bgx-eups .!o~ '!est I and Tes~ ll are .accepted •• having. 

equal va1,ttanees._. as.nee the \"'Wo variances tested in eech cas.• 

were the extremes out ot ntne· cells.6 
·. ' ~. . 

P,lspro20,rtional1~l· Table X and XI ;presen:t 1ihe raean.e 

end etand«rd 4ev1a.t1ons of the cr1terton teat eO'ores 'b7 

. treatment a.mi level fo'll the 1n1ttal learn!.ng and traneter of 

l.earnUlg tests. From the tables,, U; 1e evident 'that the 

numbers of e,ubJeots la. each ct the eeJ.ls al!e Qot eq,ual in 

th.La experiment. The write.r recogn111ed. that d1spropoir'bJ.on

a11t;r may exist and that o:cdinarv methods ot coJJJ,pQting the 

sums ot SQ.1J&res t:or the analysts of vazt1ance may 11•14 

bJ.ased results rrom all aoul'o.e1u1 o,her than from the wtthtn. 

g:roups. However, aceord.lng to Weirt, tJ:1equencies need l\Ot 

be equal. 1.n order to 'be proportional.? He suggests a metbQ4 

b1' whS.·ch the border nteans ot the doubl~ clasa1t1cat1ons are· 

euoceeetveJ.¥ a4Jueted until they ai,ie equal or near eq»al to 

the general mean. The adJuatraent te:rnlS are then used t·o 

·compute the aclJust;ed sum. ot squares tor one or fo'J.' both main 
8 .ef.feeta. 

In tihts studJ, 'fihe bo:tt4er means ot the double 

6to1.4. , ,.· 216 .• 

1 J. a. we11 . an4 e~ o .1fe1t11tt, ~.~.a.,t•tJ,toal !!!iihecta l!, .Bd.u• 
CJtio•l en4 P•z:•bolos1oa~ Resoa~cfi ti• Ylik~DPJ. p.,n. 

8Ibld..;,. p. 216. 



olaaa1t1cat1on were suoceaa1v ~ adjust d unt11 they wer 

equ l to th gen ral mean for the initial l arning test 

(Test I) and tor th transfer ot le rn1n,g (Teat II) . The 
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dJusted u or squar s wer calculated tor ach teat . The 

result 1.ad1cated that the new F-values d1d not d1ft r stg

n1t1o ntly from th original F·v lue , 1n the op1n1on ot th , 

wr1t r. to warrant u ing them. A su ry of the pr ceding 

test tor d1aproport1onality may b round 1n ppendix E. 

s;andard scores. In order to stat1at1callY compare th 

n clitterencea of th so rea b tween the 1n1ttal l rn1ng 

tbe tranat r of learning t st 1n th1a tu~, the 1nd1· 

v14ual aoore in both t ate mu t be comp r bl and equiva

lent. There were fifty queationa 1n the initial 1 arn1ng 

te , wh r as the tranater of l arntng t t had only torty

rour questions . 

Garr tt augg ats method whereby the raw oor 1n two 

dU'ferent test y b conv rted to standard oorea. 'I'he 

acore• allow tor direct meaningful ooJJlJ)&riaons. He auy ta 

th.at the sh1ft troa r w to et nclard eore requtres liner 

transrorut1on. 'l'his tr nsmutatton does not ohang · the shape 

ot th diatrtbution 1n any waJJ 1:.r the origlnal d1atrtbut1on 

1a akewed (or normal), the standard acor d1str1button w1ll 

be akewed or normal 1n exaotly the aa ta hton. Th tor la 

for convera1on ot r w to at ndard score 1 s follows: 

Let X • a seo.re tn the or1g1nal di tributton 

x• • a st ndard score 1n the new d1 tr1but1on 



M. and M1 m means ot the raw seore an4 standard d1str1· 

buttons 
I °' and ~ = SD• s or raw and standard sceres 

Then x t - Mt x - M 
°'' • 0\ 

or X' = o-'(x - M) • M'9 ,,.. 
The raw scores t~om tne 1n1.t1a.l lear.n1ng teat and the 

transfer et learning te&!lt were converted to a stands.rel 

,eores by using tbe preceding formula.. t,rbe standa:,d se·ores 

were tllen usecl in eolJlputs.ng the t ... t$sts. 1:n ordei;t to eva.luate 

hypothe.a1s IIl. 

Test ot &R2tbea 1.a !• There are tl<> c.\1.f.ference$ in 1.ni·· 

tial learning, as meiutul"ed by a criterion te•t .given 1.ilfflle

dlatel.l follow1ns tnstruot 1C!>n., on any of the 1nt.el1:f:genee 
·i~ 

levels (X1, x2, or x3) or between the ff:r,ea,ment groups (1:-. ,, B,. 

or C) compr1aed of ten1or high school 1nd:u.strtal aJtt& .atu---

·. dents. 

A 3 .x 3 analys1i, of va:c1ance wa.s o.omputed and the ,um• 

maru 1s reported 1n Table .XII.. The analysis resulte4 in a 

s1.snif1eant F·value for t.he ma1n effects ot treatments ane. 

levels. Since the variances ot the su.bgroupa do not dLtfer 

s.1gn.1t.Lcantly ~ 1.t would appear that the a1p1t1cant. value of 

(F) found tor the effect or t.reatment 1.s the resu.lt of a 

d ifterence in the means in the th~ee eKp«nr1menta l g:roupa. 



TABLE XIX 

ANALYSIS OF VARIANCE OF INITIAL LEARNDG TEST 
SCORES BY TMA'J.'MEN'fS AND LBVlllB 

.Source ot sum of Degrees ot Vartanee 
vartatton Squares Preedom 

Between 3785 8 473.01 

Within 6181 173 35.73 

Total 9966 181 

Between (X) 1911 2 955.!)0 
Leve le 

Between (A) l8aJ. a 910.50 
Treatment, 

x xA 53 4 13~30 

W1th11l 6181 173 35.50 

Total 9966 181 

*Stgn1f'1eant at .05 l.evel 

13.@ 

26.90* 

25.70* 

.37 



ln add1t1on, tt would appear illat the stgn.1.tteant P• 

value tound. tor et:reot between levei. ta -the result of a 

d1tterenee in the means 1n. the th;ree e:q,er1mental groups. 

on the oaa1e ot these .tind.tngs. the r1u11 hJpotaes11 ts un

ienable. 

Sin<1e an F-test 11 onl.J an everall te.tt o.t the 1tt1\1re 

group, tnc!U.v14ual 1-teats were oomputecl between the three 

treatments on all levels to tinci the oal.lae ot the s1p.it1• 

cant ¥-value. Tables XIII, XIV, a:wt XY indicate the mean 

d.1tferenee scorea and. obtalned t-va.lues on the initial lea:,.,n-

1Dg tes't; between Treatmen:t A amt 'l'reatent :e, between Treat• 

ment A and Treatment o, awl 'between Treatuuent B and. Treat

ment con the three 1ntellJ.genee levela. Table XIJ:I a.hews a 

4,1fterence (though not. a1gn1t1oan.t at tine .05 level) between 

-rrea 'Cmeritu, .A and B on the b.1gh a.n.d low levels of 1ntelltgence. 

';Chose d1ftexiencee pol.Qt in favor ot 'l'reat•nt Bi whereas. on 

t.he average level of 1.nt.ell1genoe, the dttterence po1nts in 

favor of Trea:t;ment A. :tn 'labl•• XIV aad X'l I Trtatment c 
pl'ove4 t.o indicate a a1.gn1t1cant d.1tfeNnee between Treat·• 

menta A a11<1 Bon au thrte 1nte11J..&enoe levels. 

A more O()mplete .l.nveat1gat1:on of the .retulta ot anal.J ... 

sia of va:,;ita:nce and. t-t.eaia to:, }fJpothesta l will. be 

attexnpte4 in Chapter V ot th.ta atu41. 

Test of ez1ot;,nest,~ II. There a:tte no 41f'terencee tn 

transfer of learn1ns# as measured by a erl ter·1cn teat gtven 

1mtned1ateJ.y tellowtng 1natruot1on, on. any ot the Uitelligfiuuie 

level• (x1, Xa• or x.3) or between Treatment gl.'oupa (A., s., or 



TAaLE XIII 

MEAN DIFFERENCE SCORES AND OBTAINED T-VALUES ON INITIAL 
LEARNING TEST BETWEEN TREATMENT A AND TREATMENT 

BON THE THREE INTIU,LIQENCE LEVELS 

Level 

High 
107 IQ 
and above 

Average 
95 to 
106 IQ 

Low 
94 IQ 
and below 

Treatment A Treatsnent B D•B-A 

26.619 'Z{.087 .468 

2!h005 22.619 -2.386 

17.263 ao.125 2.862 

*Significant at .05 level 

T-Value 

.239 

1.095 · 

1.634 



TABLE XIV 

MKAN DIPFERENCE SCORES AND OBTAINED T-VALUES ON INITIAL 
LEARNING TEST BETWEEN TREATMENT A AND TREATMENT 

CON THE THREE IJrfELLIGENCE LEVELS 

Level 

High 
107 IQ. 
and above 

Average 
95 .to 
106 lQ 

Low 
94 IQ 
a.nd below 

Treatment A Treatment c D•C-A 

26.619 -6.210 

15.952 . 

*S1gn.1tioant at .05 level 

T-Value 

3.182* 

4.220* 

96 



TABLE XV 

MEAN DD'FERENOB SCORES ANJ:> OBTAINED T ... VALUBS ON INITIAL 
LEARNING TEST BETWEEN TREATMENT BAND TREATMENT 

CON THE THREE IN'?ELLIQENCE LEVELS 

Level Treatment B Treatment c D•C-:a T-Value 

High 
~.087 20.409 -6.578 107 IQ 3.70* 

and above 

Average 
15.952 95 to 22.619 -6.667 3.71* 

106 IQ 

Low 
94 IQ. ao.125 13.767 -6.258 ].81* 
and below 

*S1gn1.fteant at .05 level 
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C) compr1 ed ot en1or high chool 1n4uatr1al rta tud nt . 

A 3 x 3 analysis of var1 nae w a co ut d and th su -

ry 1s reported in T ble XVI . Th analysis re ulted in a 

a1.gnit1eant P~value tor the 1n effects of treatments and 

levels and tor f1rst ord r interactions . Sine th vari

ances of the aubgroupa do not differ aign1t1cantly, it would 

appe r that the significant value of (P) found tor the 

ett ct of tre t nt is the re ult or d1tterenc 1n the 

ean in the three xp r1 .ental groups . In addition, 1t 

would appear that th rrect betw en lev ls 1s the re ult ot 

a dttt r nee 1n the ans 1n the experimental groups . On 

th ba is ot these t1nd1ngs, the null hypothes1 1 unten

abl . 

In th case of testing hypoth ate II, 1t wa nee ss ry 

to teat th an d1tt rences betw en th thr e tre t . nt 

groups on each of the three levels by 1nd1vldu l t-tests . 

Tables XVII, XVIII, and XIX indicate th n dU'.feren.ce 

scores and obta1 d T•value on the tranat rot le rning 

te t between Treat ent A and Treat nt B, betw en Tr t nt 

A nd Treat nt c, and b twe n Treatment B nd Tre t nt C 

on the three intelligence levels. Table XVII show a d1t

terenoe {though not ign1t1cant on the . 05 l vel) between 

Treat nta and Bon the high nd low l vela of int 111-

genoe. These ditterenc s point in r vor ot Tr at ent B, 

whereas, on th aver ge level ot 1ntell1g nee, th dttter

ence points 1n tavor ot Treat ·nt A. In T bles XVIII and 

XIX, Treat nt c proved to 1nd1eate significant difference 



TABLE XVI 

ANALYSIS OF VARIANCE 01 TRANSFER 01 LEARNING TEST 
SCORES BY TREATMENTS AND LEVELS 

Souroe ot Sl.\m of Degrees ot Var lance 
var lat ion Sql.\ares Freedom 

Between 2645 8 330.6 

W1th1n 4448 173 25.71 

Total. 7093 181 

Between (X) 1360 2 680. 
Levels 

Between (A) 994 2 497. 
Treatments 

Xx A 291 4 72.75 
' Within 4448 173 25.13 

Total 6305 181 

*S1gn1t1eant at the .05 level 
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12.86* 

27.l* 

19. 79* 

2.89*' 
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TABLE XVII 

MEAN DIFFERENCE SCORES AND OBTAINED T-VALUES ON TRANSFER 
OF LEARNING TEST BETWEEN TREATMENT A AND TREAT-

MENT BON THE THREE INTELLIGENCE LEVELS 

Level. Treatment A Treatment B D•B-A T-Value 

High 
19.857 23.087 107 IQ 3.230 2.023 

and above 

Average 
20.778 20.476 95 to -.302 .151 

106 IQ 

Low 
94 IQ 14.526 15.550 1.024 .685 
and below 

*Significant at .05 level 



TABLE XVIII 

MEAN DIFFERENCE SCORES AND OBTAINED T•VALUES ON TRANSFER 
OP LEARNING TEST BETWEEN TREATMENT A AND TREAT• 

MENT CON THE THREE INTELLIGENCE .LEVELS 

Level Treatment A Treatment Cl D•C-A T-Value 

High 
19.857 16.909 -2.948 1.855 107 IQ 

and above 

Average 
20.778 14.286 -6.492 3.182* 95 to 

106 IQ 

Low 
94 IQ 14.526 11.409 -3.117 2.25* 
and oelow 

*Sign1t1cant at .05 level 

10·1 
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TABLE XlX 

MEAN DIFFERENCE SCORES AND OBTAINED T-VALUES ON TRANSFER 
OF LEARNING TEST BETWEEN TREATMENT BAND TREAT-

Level 

High 
107 IQ 
and above 

Average 
95 to 
106 IQ 

Low 
94 IQ 
and bt,low 

MENT CON THE THREE INTELLIGENCE LEVELS 

Treatment B Treatment c D·c-:a 

23.087 16.909 -6.178 

20.476 14.286 -6.190 

15.550 11.4o9 -4.141 

*Significant at .o; level 

T-Value 

4.54* 

2.23* 



between T:reatment A and Treatment Bon all three 1ntel11-

gence levels. 
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A more eomplete inve.stigation of the results of the 

analysis of varLanee and t-tests tor nypothests II will be 

attenwtecJ 1n Chapter V of 't.h1s studl. 

~ .... U. ot sr,potbesis. III. There are no ditterenees 

between initial leal'n.1ng and transfer of learning in the 

three t:rieatment populat1ons and the three 1.ntell1genee 

levels as measured by crtter1on teats administered. immedi

ately f'ollowtng instruction. 

Slnce an analys1$ of vartance waa coJllPUted to?< the 

tn1t1a1 learning test and the transfer of learntng test in 

the computat1ons concerned with tett1ng hypothetiiis I and 

bypothesi:, II, tt was only neeessa.ry to employ 1ndt.v1dual 

t-teets 1n the computation ot the mean d1fteren.oes ot the 

same tree tment between the two test.a. 

Tables XX and XXI in<.'U.cate the mean difference scores 

and obtained T-values between Treatment A on the initial 

learning test and the transfer of learning test and between. 

'treatment :a on these $ante two tests. Table XX showe that, 

although there ts no ,1gn1r1cant 41fferenee between the two 

test& tor Treatment A, the low and average levels or in.tel.• 

ligence point 1n favor of the 1nit1al lea.X'n1ng teat wherea.s 

the high level of !nt.elltgenee points in favo:r or the trans

fer of learning test. Table XXI also shows no s!gniftoant 

difterenee between the two testt'S tor Treatment B, out the 

low and a:verage levels of intelligence point 1n favor ot 
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TABLE XX 

MEAN DIFFERENCE SCORES AND OBTAINED T-VALUES BETWEEN TREATMENT 
A ON INITIAL LEARNING TEST AND TRANSFER OF LEARNING 

TEST ON THE THREE INTELLIGENCE LEVELS 

Level Treatment A• Treatment 
(l) (2) 

High 
107 IQ 100.304 100.354 
and above 

Average 
95 to 100.701 100.090 
106 IQ 

Low 
94 IQ 99.970 99. 720 
and below 

*S1gnif1oant at .05 level 
!Converted to standard scores 

A' D=A '-A' 

.050 

-.611 

-.250 

(1) Treatment A, the initial learning test 
(2) Treatment A, the transfer of learning test 

T ... Value 

.716 

.237 

.099 



TABLE XXI 

MEAN DIFFERENCE SCORES AND OBTAINED T-VALUES BETWEEN TREATMENT 
B ON INIT.IAL LEARNING TEST AND TRANSFER OF LEARNING 

TEST ON THE THREE INTELLIGENCE LEVELS 

Level Treatment B' Treatment B' D=B 1 -B I T-Value 
(l) (2) 

High 
107 IQ 100.221 100 .. 361 .140 1.335 
and above 

Average 
100.041 -.081 95 to 100.122 .039. 

106 IQ 

Low 
94 IQ 100.068 99.966 -.098 .061 
and below 

*S1gn1f1cant at .05 level 
, 'Converted to standard scores 
(l) Treatment B., the initial learning test 
(2) Treatment B., the transfer ot learn.ing test 
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the initial learning test, whereas the high level ot 1nte.l-

11gence points 1n ravor ot the transtef ot learning test. 



O,rtentation to the a.tug.. 'l'h:ts study 1a concerned wtth 

an attempt to compare th~ J:1elative et.f:Leienc1e.s et two 

methods of 1nst.ruet 1on .. 

One method, called cU.reeted·discove:ey, places con•tde:r• 

able responsib1l1ty upon the learner to partietpate actlvei, 

1n the learning situation. "11hrougb tbts metho4, the teaehe~ 

provtdes some structut1e for the student as the learntng 

develops. This ts followed by posing leading quetltiona and 

sugge$t1ng clues so tha.t the student 1$ directed or guided to 

the discovery of some of the pr1no1ples and understandings. 

In the contrasted. method, ealled d.ire(lt-and-deta 1.led_. 

the tea.oner a1:1sumes that the maJor reapons1b1.1Lty tor the 

eonttnuity of development and re:Lntoreement 1.s generally' 

overt. The teachtr present& the S\lbJeat material in detail 

and answers the problems presented. Very little responsi

bility is plac.ed upon the student. 

The subjects involved in th.Ls experiment were equate<l. 

on mental ability leve.ls and assigned at random to one of 

three treatment groups. 

An 1nlt1al learning test and a transfer ot learning teat 
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were developed to measure the relative efteot1veness ot the 

two methods 1n respect to the following questions: 

l. What differences, 1f any, exist between the d1reot

and-deta.1led method and the tU.rected.-disoovery 

method of tea.cb1ng senior high school tnduetrtal 

arts students relative to 1n1t1al learnil'>.g on 

each of the three intelligence levels stated? 

2. What d1fferences1 if any, exist between the direct

and-detailed method and the direoted-discoveq 

method of ie.aching senior h1gh school indu.strial 

arts students relative to transfer ot learning 

on each of the three intelligence levels selected? 

3. How do the senior high school industrial arts 

students compare 1n each or the three in.telligence 

.l.evel$ selected between 1n1tial learning and 

transfer ot learn.1ng? 

statement 2£.. motheaes. The three preceding queat1one 

were then stated as null hJ'potheaea so that they could be 

tested statistically. They are as follows, 

l. There are no d1tterenoe, 1n 1n1t1al lea.rning as 

measured by a oriter1on test given uuned1ately 

tollowtng inetruotion on any of the intelligence 

levels (x1., x2., or x3) or between treatment groups 

(A., B., or C) compr1sed ot sen1or high achool lndus

trial arts students. 

2. There are no differences in transfer ot learning 

as measured by a criterion test given 1mma41ately 



tollowing instruetion on an, ot the intellisenee 

levtle (X1, xa, or X3) or between the treatment 

groups (A, B., or C) oomprtaed of senior high 

scbOQl industrial arts atudents. 
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3. Ther• are no dittere.n.oe1 petween 1A1 t 1a.l lea:rning 

and tranater of le,u•n1q !ti 'thtt three treatment 

populations and the three 1nte11taenoe levels aa 

measu11e4 lJ7 ortterio:n. tests adm1n1atered 1JDJn6cU .... 

atel,y following 1netruc:rtt1on. 

~eptmeI1_tal. 4est1e• 'lbe t1e1J .. gn ot th1s stud¥ lenu 

itse,1£ to analys1,s ot variance as a pr1niar1 means £J>t st.at1s• 

t1eal analysts. The first a.nd eecond questions Ln the 

statement ot the problem were solved a(llparatelJ as two 3 x l 

taetorial destgn problem,. Each was treated for ·raain et.teots 

and ttr.a'b orde~ 1nteraet1ons. Follcwtna tb1s, 1n41vi.du.a.l. 

t•test;s wel'e computed between treatmente on each level tor 

the 1n1t 1al learn.ins test and tbe t;ranater of learning te,,t. 

The tb1rd and final queat1on 1n the atatement of the problem 

?lequired a oompaiitson of the eame treatment ot:1 each. of .the 

three 1nteU.1gence level.a selected between 1n1t1al l.earn1ng. 

and transfer ot learning. Individual t-te.1t.s. were computed 

.tor each 1ntell.igenoe level between Treatment A tor Test I 

and Test II, and. between Treatment B tor '?eat: I an4 fest Il. 

Popµlat1on a.nd '3ag1,1!i• The population uaed in tll1E.\ 

e~rtmfiUlt consisted of Iowa sen10l' htgh echool 10-dustrJ.al 

arts stud.enta wbieh wette eelected at rand.om trom high schools 

that lie w1th1n a tort1-t1ve mile radt~.s of Cedar Falls., 
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Iowa. 'fhe a1se of the sample was deternu.ne4 b7 the authoi-1.• 

tat1ve ltte.ratu:re on, the oubJeot and l>J the lim.1.tattont ot 

lime ancl t1nane1a1 outlay. A total of two hundred and tit• 

te•n aub:Jects were found to be evatlable to~,tb.e eJCJ)e:rtment. 

s1nce thex-e were n1ne cells, represel'ltlna three method.a 

ti.mes three trea1uaent,. 11 waa decided th,Ul. ·fafent,'·three 

«1ub.Jeets would be a.elected at tandom for eeoh cell.. Prom a 

total of two hundre4 and seven aubJects 1n the exper1ment1 

a lose ot twentu-seveu au.b.J•ots waa expected. Tb11. a1lowe4 

the final sample etze to be at least one hundred. and eightJ 

subJe.cte. 

~i:~atme1Ji~~-·· Wile subJects we:re equated as to 1ntel11· 

gence levels and ran.doml.J 1u,s1sned to Treatment A, 'l'rea.tsneut, 

:e, and T.iioatm.ent c. Tho:ae subJeo.ts 1n Tl."eat•nt c ~e,,ie1ved 

no 1n&truetion but wen teat;,e4 with the Ptne two teats etlong 

with tlle £J\lbJects 1n TrMtmenta A and :s. Since no pretest 

wat a<lmin1stexied to aU7 ot t:be three &rQttpe used. 1n ;b.1,.s 

atudJ, one J>\U'peee to:,: 1ihe control group was to p~ovi.4$ tne 

exper1menter wtth. some 1nd1Qat1on of ti.be p11tor knowledge of 

the. 1na.truotton present.eel. A aecomi pu.'po.ae ot the conti-ol 

g~eup (Treatment C) was to &.J.low for a compai'1.s.on ot the 

teat scores beiween the 41rect-an4""4eta1led method. and. the 

41rected-41scoveq me,hod. o:t 1nstnol1oa w1th 1tbe o•ntxrol 

sito:up which had no tnatnctioii .. 

The .aubJocte 1n freatment..e A and B "oe1ve4 apJ)rox1-

ma1leJ.v one hundt'ed an<t ten m1mJtea r:4· tnstftttition in each or 

the two d1tterent methods under uwe,tigatton,, ln addii.1on,,, 
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a general tnstx,.aotion. pe~1od of ten nd.nutee waa held with 

both groups prev1.oua to 1.ndiv1dual group 1n1t:ruo.ttor1. The 

instruction common to both groups in.eluded statements wb1.eh 

elg)laine4 the importance ot educatJ:t.onal researeh, the pur• 

pose ot the stuclN- the use oft.he tape rceoordel" and colored 

f1lms'br1p, and the f'aet tba.t they all would be tested.. 

·~be .learn1!f& taslt. The learn.ins task 1noluded two,. 

tif't¥ ... f1ve-m1nute periods tor each ot the two ntethod.s or 
1nstwet1on. 'l'h.e first per1o4 of uurbruotl.on tor both. 

aethocls was ent1:rel.y theoretical. Both method.a. ot lnstruo•· 

t1on fo"I: the second pat1t included both theorettcal and 

applied. sections 1n. t.he lessons but were o~1ented toward the 

an1pulat1.ve or laboratoQ"" type of tnstruct1Qn. For the 

t1l'$t per1.od, both methoda were taped and keye4 to a thirt:1·

tive milltmete:r oolore4 ttlmstr1p .• 

'l'he to1low1ng items wer& taught: 1) the pr1nc1ples and 

iielat1onshlps Qf ua.s1o oa:,t;n.1ret1on tn tte>spect to engine 

operatton, a) the oa•te unc1erstand1.ngs ot spark t1:tn1ng 1n. 

rega.rd to the 1gn1t1on eystem, valve t!mtng,. and ouhe11 com•· 

ponent pal!tis o.r systents ot the engtne lfhieh af'teet earbure

·t 1on,. 3) the sctent1t1-e or engineering Jll'11'\c1p1es ~elated. to 

the automotive·t~pe eaJ''buretor~.· and 4) the 4onstruct1e>.n and 

tunct:Lon. or the va~1ous pa.-,ts and s1stema ot an automot1ve• 

tn,e oarwretor. 

·,ne 1nstructi1on 1n the aecond hour :tor each me'bhQd was 

taped but onlJ the lesson taught bf the 41.rect•and-detaUed. 

method waa eovrelatecl w1thi the f1lmatl'1p. 



112 

Both methods of 1n.struot ion tel' the second hour 1nclu4-

ed the .fo1low1ng item,u 1) the 41aassemb.1J of the Rochester 

:BO carburetor by each or the tubjects, 2) the 1nspectton an4 

explana.t.ton of the funetion ot the parts and qstems, 3) the 

maJor a.d.Justments on the earburetor, ant\i 4) the reassembly 

of the earbu:reto.r. 

ObJecttve test~= A test des.1.gned to meaeure 1ntt1.a1 

l.ea:rning was administered to all treatment groups following 

the ti'nal 1nstruot1on.al period. The tollow1ng d.a7, a test 

tntended to measure transfer ot learning waa a4m1n1stered to 

a.ll treatment groups. Both tel!Jts included mult1ple•ohotce 

quea t 10.na. 

The 1n1t1a1 learning test haci f1tty 1tems.t whereas the 

t:ranafer of learntng test had only torty•four .1tems because 

tt wae, ltlf.Pe,cted to be the snore d1tt1eult ot the two. 'lhex-e 

was no time 11m1t set on either ot the test•; however, t1tty 

mtnuteEJ proved to be a.4equ.ate 1n both eases. 

f1n.41ys. Appropriate stat1st1eal techntques were 

emploJed to analyze the data arui test the null tur,otheae$. 

On the 'basts ot the teat reau1t, the re1earcber round: 

1. In terms of 1n1t1al learning, the •nalyste resulted. 

in a sisn1t.1oanti J'•value tor the main effects of 

both treatments and. level&. When tn4tv14ual t ... teets 

were computed to determtne what ca,uJed. the sign1t1• 

cant F-value tn xies;peet to 1n1t1al learntns~ the 

oontrol group was tound to be the eause for Treat• 

ment A and B on all t.l\ree levels of 1ntell1genee. 
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Thefe were n,o &1gn1ttoant clifferences toun4 between 

Treatment A and Bon any of the three levels of 

intelligenoe for 1n.1t1al leam1ng. 

2. In ttrm.s of tranerer o.f learn1J1$, the anal7s is 

reaul ted 1n a s tg.n1f1~ant F-value ror the ma 1n 

etfeete o.f tl'eatments and. levele and tor f1rst 

order tnteraotions. When lnd.1vtdual t•teats were 

computed to determine the eause of the slgn1.t1· 

cant P·value 1n respect to transfer ot learn1ng, 

the eon;rol group was found to be the cause ter 

Treatment A and Tr·ea tmen.t B on a.ll thJ'ee levels of 

intelligenee wl.th tbe exception ot Treatment A tori 

the high level. Thel?e were no etgn1t1cant differ·• 

encea .found between Treatment A and Bon arq of 

the levels ot intelligence tor traneter ot learning. 

3. In tel'ms of mea:n d1tterence between intttal learn• 

1ng and. t:ranete;r- et l•al!'ning on all three 1ntell1• 

genee levels, the:,e was found. to be no s1gn1f1ca.nt 

ditterence on any level as computed. by t-t,ests .• 

L1m1tat1ons and Isnpl1oation• 

Lim1ta:t1ons .!!. •ne a,tl19z;. An, general1zat1on wh1eh ·ma,· 

result from th~ .rtnd1ngs ot tn1s expertmental tnvestigailton 

should be made only a:f'te:r ~onside,ratton of the following 

11m1tat1onat 

l. Alt.bough special attention was emplo7ed. to attain 

a true sample ot the population by selecting au 



;random two towns and two cities trom within the 

sample area and assigning the subJeots at random 

to one ot the three treatJnents., the experimental 

popula t ton may not be a true sample .. 
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2. Although it was necessary., as a control tn the 

experiment, to present all verbal instruction 

through the ttlle o.t tape reeord.tngs., tt muat be 

recognized that this technique 1mpo1Sed certain 

l1m1t~ttons on the learn.1:ng s1tuat1on. First., it 

placed all students on the same level and. did not 

provide tor individual dlffereneea. second, it 

prohibited normal student-teaohe:r interaction. 

3. As to mot1vat1on, the students served voluntar:tly1 

and probab.ly were not 1ntrtna1cal1y tntere:,ted 1n 

the experiment even though the seleot1on of: the 

learning area was considered for 1ts motivating 

value. Also,. the students were told at the begin

ning of the expe:rtment t . .hat the tett se:o:res would 

not a:tfect their grade; therefore., they had nothing 

to loee w1 th minimum. et.fort. 

4 .. There were 1nd1eat1ons that the subjects in the con

trol group were more highly motivated than those tn 

the other two groups. This was evident in at least 

two ways.. First., the control group members from 

all tour schools were much more insistent and. anx

ious to see the results ot the tests. The seco.nd 

tndieation wa.s reported. by the 1n4ustria1 arts 
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teachers of all .to-ur schools. They found that the 

control group members appeared to be much more 

1nte»ested in the total expertment th.an the membera 

ot the oth.e:r two gro1.1ps wer•. W1th this amo\lni of 

interest, communication oetween ttubJecta during the 

couise ot the experiment probably occur~ed. The 

greater ego involvement of the control group may 

have led these subJec1ulS to a.sk quest tons of the 

membere of the other two groups, to oarey- on some 

independent studu. and tberebJ to gain. a higher 

grade on the te,ata. 

~J.1!211~at1ons for further reeearoh. '!'be t1nd1ng$ 

reported. tn thls study and. the common. elements and diserep• 

ancles ot the related stutl1es which wexie reported 1n Chapter 

III may perhaps prov14e souttce material. tor continued 

research 1nquir1Eus alone; the tollowtng suggested lines: 

l. An attelllJ>t to identify and det1ne the dtst1nqu1sh• 

tng elements or oharacteristtos between the var1a• 

tiona of the two tnstwet1onal met.hods should p;re ... 

cede a seoond stud¥ of th1:& tn>e. A study destgned 

to compai1e the two methods in the1r extreme forms 

with a method ot complete independent stuq should 

also be wvesttgated. The subjects receiving the 

independent study could be pro"i14ed w.1th the tden .... 

t1oal tn,tr\totional aids used. bJ the other groups., 

but they would be expeoted to learn without oral 

tnstructton. 
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a. It a that n important •Pct ot all re earoh 

conoern 1th evaluation ot l ;a:in1 aet1 1t1e 1 

tb rt nt1on oh raoter1 tics . Although ret nt1on 

waa 1nv at1gi 1i 1.n number of r late · atudtea., it 

ppeara that ther would be ri~ 1n long1tu i

nal study, po 1bly extending ov r p r1o4 of a 

rear, to detera1ne long- rm r tent1on ettecie or 

the two thoda . It 11.u1t be recognt · d.; however, 

that proble tn 1ib cont~ol ot cert 1n v r1abl a 

mar be itficult w1tb long-t rm 1nveot ation of 

the two •thod.a . 

3. In relate studte w.11 • 1n th pr sent a\udl. 

collUIIQn 1n truct1onal a1d have been us tor all 

experimental roups1 wher the or l tnetruct1on 

baa been pr ent d dU't rent1.ally 1n respect to the 

variation 1n tho . It 1a po atbl t t be oh.ar~ 

·cter1 tics ot th 1llustrat1ona or vteu l 1nstruc

t1onal ida u d 1n this typ of study ·· y be 

1 ort nt in the total e.tf ct of the 

aent ti.on. Ar lated tudJ ahould b 

thod ot pr -

tte ted tn 

whiob the v1su 1 part as w 11 as tb or l part ot 

the 1n tructton 1 c:leatgn d to repr sent v ry1ng 

degre I ot aeh of the two etho a. 

4. An invest at1on slsrd.l r o the pr sent study ra1gbt 

b co , ucte to oo re the two thod. under two 

level of 1ntell1g nee . Th ttndlng 1n th1• 1tu41' 

au • t t t the probl m-aolv1ng naethoci 1ght b 
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uper1or to 1;he 41reot-an - ta11 d thod tor 

those subjeote ot htgb r level ot int 1118 no . J 

contra tln.g tho two methods tor very h1gb nd tor 

v ry low 1ntell1 nee aubJects~ re oonolu 1ve 

ev1dena of tb1 · poaa1b111tf 1.gbt b found . 

; . A point d ouu ln tne r vtew ot literature, ther 

1 an ever-1ncreas1 ccumulat1on ot knowledg 1n 

all fi lda ot ducat1on, specl llf 1n the tecbno

log1c l are•· An ed tor (lU llt'J ot 1natl.'Uc,1on 

long w1th tt1c1enoy ppe r to be n baolute 

neoea 1ty. Poe 1.bq a form of th d1reoted· 1aeov-

ry thod have con 14 rable merit in obtaining 

etftc1enc7 ot 1rustruet1on 1n c rt 1n t7p of pro .... 

grams and at cert in levela ot 1ntell1 ence. Pro 

th review ot llter ture and the understanding 

1ne trom th1 tud1', 1t pp ra tb t the aours a 

where b nef1ta tro• this method t.ght b d rived 

would b round 1n th t1elcte of mathe . t1c, 

acienoe, 1nd.1.Jatr1al arts, t ohnology, nd. eng1· 

neer1ng. 

6. A numb r ot suggestion• 1n the rev1 w ot lit rature 

point toward th tact that the probl -solv1ng 

tho doe otter benetlta to th l mer 1n certa1n 

1 rn1 cond1 t 1ona. Th ae sugg et 1on , howev r ,. 

r followed quite o.ft n w11.b the comment that 1t 

takes lo er to teach ubJect terial by th 

problem- olving thod, thereby 41soount1ng th 
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ga.1ns 1n thts ntcitlhod ove:r other metno4s. This 

wr1ter believes that thel'e may 'b,e too muon emphas.ia 

plaeed upon the ele11ent of time in :regard to eer• 

ta tn types and levels of lear11tng.. Perhaps the 

losa in et:fie1e.ney due to the a.dd:tti.onal time 

allotted tor th1$ method may "be offset by the bene ... 

fits gained tn g,:eater understanding ot &ubJeet 

materta.1 and increas~d al>ilit1e$ in proble.m .... aolving 

m.ethodol<>rg. 

Tb1s w:r1·ter :recommend.s that an. 1nvest1ga·~1Qn 

similar to the preeent st;udy be e-ondueted to Qom

pare the two method.a under oondit ions in wh.,ten 

a4d1t1onal tii.me be allowed for one :method and than 

add1t1onal time be allowed :fol' the oppotJ1te method ... 

T. The level of dt.ff:1.oulty of the lessons in thie 

study was one of the major oonoerns ef the 

researcher in. the preparatton of this expe:rtment. 

The use ot tbe .fll.mstrtp eo~related with verbal 

1.natvuot1on was believed to a:t.d gJ'.'eatlJ 1n t.r.1.e 

,tructure ot the le11.so.ri. Just how much aEU31s~anee 

a f:tlmstr1p gives the learner 1:n the struoture ot 

the lessons would seem. to be the basis for a. s1gn1• 

ftcant reaeareh problem. 

MtH~.at1oJ¥t.! 1.g11catton~. In view of the fLnd.inga 1n 

th1a stutl)r, it 1s the inveatiptor•s opin.1on that the class

room t~aeher with stud.ente s1m11ar to ;he subjects used 1n 

tll1s e~per1ment eould select ett;her th<t d1xiect-and·deta.11eci 
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methQd or the d1rected-d.1scovEU:y method to instruct students 

in. theoretical and man1pulattve teehn1ta.1 content. However, 

although it waa reported th.at there were no rU.gn:1t1eant cU.t• 

terences 'between the t11iiect ... an4-deta1led method and the . . ' 

d1tecte4-d1seovery method., t.he computed results of th1a 

stu(b' de.t1n.ttel.y point 1n favor ot the cU.reeted-dteoover1· 

method. It ts on tbie baste onlJ ·that tuXither 1mpl1cat1ona 

wtll. be set forth. 

Detore con.t1nulng., bowevtU'• the WJ'1ter wishes to make 

clear that an, further educational tnteranee,. whteh mar be 

ade beJond the opening statement in tnia paragraph snould 

be vtew4 with extreme ca:re before putting them into prac ... 

t 1oal use 1n a class,:ioom. 

~. eu'bjeot groups included 1n the higher level and the 

lowe:r .level of intelligence whtoh were 1nstructed by the 

41reove4-d1seoveey method scored higher on both the 1n1tial 

.learning and trans:rer· ot .le,aJtn1-ng tests -;han t:lld the direct• 

an4-deta11ed group. 

lf the preceding 1nspeotton ot the stat1st1os 1n thl1 

swdJ' 11 aoaepted., Lt th.en aeea. that there are so~ reasone 

for th1e possible superiority of the d1reQted-41soovery 

utho4 over the d1rec1J•and,..deta:1led method. i'1rst 1 w1tb the 

d1retted.•d1scoveey meiihod., the lowe11 b\ttll1genee level 

et»dent may "a tn a more clear-out underatand.ing of what he 

1s expeeted to learn and What the problems are. In add.1-

tton,. because of the time pauses, the lower level student, 

wi.11 have more time to th1nk than would be allowed with the 
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convent1onal method . 

In th c se of th high r 1ntell1g nee l vel student, 

the d1r oted-41 oovery thod app ar to otter challeng 

which would pur th 1nd1v1dual on to higher lev ls ot 

l arn1ng. This tho4 y also r duce th onotony which 

y accompa117 the dlr ot-and-det 1led thod. Th time 

puses allow d tn the d1r cte4-d1 cover, thod would appear 

to benefit the higher l el student , w 11 a the lower 

l vel, by allowing hi ti to reason. 

Th re are two add1t1onal observation which 

1 ort nt . 

to 't> · 

1r t , the direct d-dieoovery method ha often been 

cr1t1o1zed tn ducational literature tor requiring r ti 

than the 41:rect-and-det 1led thod. Howev r, the pr nt 

stu~, a w 11 a all or th tud1 a ummar1zed 1n Chapt r 

II, used equ 1 unta of t1 for the presentation ot both 

thod. Since 11 but on of the tud1e found in the 

review of literature r ported the dir cted·di oovery thod. 

to have th greater in, the cr1t1c1 of th1a thod con-

cern with t1 e to b que t1onable . 

s cond, the pres nt tudy and JIO t of th r lated 

studie reported tn the rev1 w or liter tur u d either a 

t p recording and ·t .1il11atrip or a tap r cording nd a 

workbook for the entire pre ent t1on of the le sons . Since 

ll or th tud1e reported oona1derabl gain 1n both ot 

the thod ov r the aooompl1shments of the control groups 

th t had no instruction, 1t tar aaonable to a ume that a 
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student could learn and be able to transfer skills and under, .... 

1tand1nss as a consequence .of' taped and visual instruct:lon. 

Th1s 1.netruet1on 1s viewed by the wrtter as a supplement, 

not as a substitute tor the teaehEu:. 

Although much has already been aecompliahed with taped 

lnst:.ruetton 1n the teaching of t'orelg.n languasea., there ere 

many subJects in which thts means of presentation haa not 

been develope·d. It a.eems possible that other types of 

instruction may be 1ntrotiuoed through th11:l medium. Cer· 

ta:tnly in remedial 1nat~uot1.on and in 1ndepen.dent 1;1tudy 

taped tnstruct1on correlated w1th visual presentations woulCii 

hold genutne promise. 
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The t1r t hour le son using the d1reot·and"""1eta1led thod 
in teaching. 

INTRODUCTION !Q. CARBURETION 

Students., th1e lesson la concerned with the tundamen• 
tala or carburet1on. Pleaa 11aten care.fully to what 1, 
being sa14 while you are tudying each slid . 

Slide {f 

l Engine pertor nee te dependent upon how etf1e1ently 
the atr/1\tel mixture can be moved into the cylinder 
compr aaed., burned., and the exhau t gaaea r llOVed 
•o that the cylinder 1a clear tor the next charge. 
Thia la eomet1me referred to as ngtne ltJ>re thing 
ab111ty. " 

2 The 1nternal combuatlon engine., in a aenae., 1a 
nothing more than a vacuum pump. A p1aton tr vellng 
up and down Ln cylinder 1a conetantl)r incre 1ng 
· m1 deoreaaLng the volume in the oyl1n er . It ia 
thi21 action that la the controlling toi:oe ot engine 
operation. Moat automotive engines re tour cycle 
eng1nea., an1ng that it t kee tour atrokea ot the 
piston to complete a cycle. The atrokea re tntak., 
compre1a1on, power. and exhauat . 

3 Al the plston moves down on the 1ntake stroke, it 
increase the volume in the cylinder and are tea a . 
preaaure drop below at1*>1pheric. Atmospheric pre -
sure whioh surrounds the ensine causes ir to flow 
through the 1r cleaner., carburetor., intake Mn1-
told# and intake v lve into the low pressure afea 
in the oyllnder . As the air tlowa through the car
buretor., it m1X a with tuel flowing out of the c r
buretor and b comes a eombuat1ble 1111Xture. 

4 hen the int ke stroke ta completed., the p1aton 
move up., squeezing the fresh charge upward into 
the 00J11buetion ohamb r where both valvea are now 
cloaed. 

5 Aa the piston ends th compreeaton atroke# an 
leotrlcal charge ia rele ed into the co buet1on 

cha ber by the spark plug. Thi cau es the air/ 
tuel mature to 1gntte nd burn. Raptd gener t1on 
ot h t within th cyl1nd r causes n expan ion 
ot aaee which pushe or torcea the platon down. 
This action is called the power strok . Desired 
0011buation 1a the co lete burning ot all aa a 



acroa the co bust1on chamber. The combu tton 
hould be c retulq controlledJ it ahould not be 

a sudden explosion. 
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After the power stroke. the p1aton pushea gaaea out 
through the open exhaust val v , exhaust n1tol d. 
muffler., and tailpipe. Thia completes the 4-cycl 
operation of an internal colllbuatton engine. 

7 It m1ght a lo 1c l that the 4 strokee would atart 
and atop at the top and bottom dad center. 'but thia 
ta not gener lly tru for the tollowt.ns reaaona, 

1 . ng 1ne pertor•nce ia depen ent upon 
br ath1ng abll1ty. 

2. The vertical motion or the p1aton ta vel7( 
alight near top dead center and bottom 
dead center. 

3. A mixture or fuel nd 1r bas to overco 
th force of inertia to atop DlOV1ng. 

Th1a 41 ra 1nd1.cat e the actual v lv t1 1ng or 
. high p rtormance engine . 

'l'h intake stroke 1dentitled 1n red opens at a9° 
6'elore top dead center and closes at 740 rter bot
tom dea center . Thie 1vea n tntake atroke or 
283° nd llows t1 even at high R. P. M. to tlll 
th cyl1nder. 

The compreaa1on stroke at rte when the intake v lve 
olo••• and conilnuea to top dead eente~. Thl1 
allows 106° or er nkahatt rot tton tor 0011J)reaa1on. 

The :Etwer stroke starta t top ead center and en a 
when fie eihau t !alve opena. Thla ana the power 
stroke La only 98 . 

The exhaust troke 1denttt1ed in yellow begins when 
th eihiust valve opena 82° betore bottom dead center 
and closes at 31° after top dead center. Thia g1vea 
an exhaust troke of 293° . ot1ce that the to 
long t troke1 ar 1he bre tb1ng strokes . 

Observe that both valves are 01>4tn tor 60° near top 
dead center. Thia 1 ealled valve ov rlap and 1a 
conductive to good high speed breathing but 1 
detrimental t idle peeda. 
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8 Intak nltold must be a comprom1 e between a larg 
bore size neoeaa r, tor high epeed breathing an 
small bore e1ze necessary tor low idling speed. The 
actual compro11t1ae on 110dern engine• 11 a man1told 
bore s1z between these two extr aes . In order to 

tomize or break up the liquid tuel tnto small par· 
ticles, the · tr must move rapidly . 

9 On an "1n-l1ne" engine th . manifold is long and the 
d1atanoe the lr tuel m1xture muat travel to reaoh 
eaoh cylinder var1e . Therefore, the mixture var1ea 
trom Cflinder to cylinder and good d1etr1but1on is 
d1tt1oult . 

10 On a v-8 engine, th manifold ta designed to give 
th aame dtatance to each cylinder thereby giving 
be1-ter d1atr1button between cylinders. Moat v-8 
engines use two or tour barrel carburetors, each 
bore reeding tour cylind ra . Notice the black 
arrows show th ton carburetor bore connects to 
the two end cylinders on one a1d and two center 
cylinder• on the opposite aide . The whlte arrows 
1nd1cate the oppoait cylinders that the other 
carburetor bore will teed. 

11 The purpose or the exhaust passag 1n the lnt lee 
manifold l to heat the intake gaaea so that the;y 
vaporize when the engine 1• cold. To contr,gl th1a 
heat,, a heat riser valve 1a used. The valve 1a 
controlle<l by a thermoat t1o aprlng. When the 
engine la cold the spring forcea the valve closed 
cauatng the exhaust gas to cross over paat the car
buretor to the other e:xhauet p1p . As the engine 
and thermostatic sprt warm up, the spring 
releases its tension on the valve,, the v lve opena, 
thereby recluc1ng the he t 1n the man1told around 
th carburetor. Without thia valve ln operation,, 
tla.t spots 1n oceleratton wtll occur when the 
engine 1• cold. The t 1Q1 droplets of to,ntz d fuel 
must be further broken up tn the engine. Thia ia 
called vaporization and requires heat and low pres
sure . 

12 The exhaust system ha the important job ot earey1 
away the exhauat gases and. promoting quiet operation 
while still allowing eng1n breathlng capac1ty. 
Sometimes in high output eng1nea tt ts neoeaaary to 
use dual pipes to 1naure breathing and reduce back 
preaaur s . 

13 Now l t•s aee what 1gn1t1on baa to do with basic 
carburet1on and the prop r tunct1on1ng ot th eng1n . 
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For prop roper t1on th air/tuel m1xtur 1n the 
cyl1nd.er ahould finish burnt t pprox1 te]¥ 10° 
to 20° after top dead center tor all eond1t1ona of 
engine operation. Th number of degree the crank~ 
ahatt will travel during the buring t1119 of the m1X
ture will vary 1th ng1ne sped and engin load. 

If the burn1ng t1 ot the gaa ixture 1a approx1• 
snate'.:cy . 003 ot second, an engine running t 1000 
RPM (r volut1ons per minute) would travel through 
18° of rot t1on during this tie. The timing should 
best at 8° before top dead c nter tor the mtxture 
to burn completel.¥ by 10° past top dead center. 

Now at 2028 RPM th1 aame engine would rot te 
through 36 in • 003 of . second and would r quire 
a timing of 26° before top dead center to complete 
burning at 10° after top dead center. 

15 Here 1a typto 1 centr1tug 1 advance c,u,ve . ot1ce 
the tolerance . Notice from 500 RPM to 1500 the 
spark advances rap1d)1' and tro 1500 to 3500 more 
gradu 11.y. 

16 To obtain this neoeaaaey t1m1ng advance aa apeed 
tncreaaea ta Job tor the 1gn1t1on distributor . 
The dtatributor contains centrifugal we1gbta which 
move out aga1nat spring tension I th speed 
1ncreaaea. Aa thew 1ghta move out, the7 oaue 
the br aker cam on th d1etr1butor to move wlth 
rotation. Thia cauaea the pointe to open taster . 

17 The vacuum advance unit cona1ata of a spr1ng·loaded 
d1 phra connected through a linkage to the 41•tr1b
utor breaker plate . Manttold vacuum., when applied 
to the diaphram, ov rcolll81 the pring tena1on and 
causes the breaker plate to rot te oppe tte d1 -
tributor rotation. A reduotion 1n v cuum produoea 
a retarded spark and n lncreased vacuu dvaneea 
th apark. Th lean mtxture obtained through part• 
throttle oper t1on at cru1e1ng speeds w1ll burn 
slow rJ therefore., the apark 11 advanced to give 
more burning time. 

18 The typ1c l advance curve shows th t under cru1 1ng 
condtttona the manifold v cuum ta h1gh nd under 
tull power cond1t1on very low. Th1a allows a 
vacuum advance un.1 t to be u ed on th d1atr1butor 
to g1ve dd1t1onal advance tor econol\Y. 

19 or maximum econo · , und r eru1s1ng eond1t1ons, th 
sp rk t1m1ng baa to be advanc d turth r than the 



tull power at the same peed. Th1a ls becau e the 
lean mixtur a ot cru1a1ng peed burn slower than 
the richer 1.xtur sot tull throttle operation. 

20 In1t1 l ti 1ng la bas1o spark t1 1ng po 1t1on, 
usually tew degre ab tor top de d center. It 
varies with differ nt ng1nea but is alway set at 

apec1t1o RPM, t 1dl speed. 

21 1 spark advanc is the u or initial, oentri-
1, nd vacuum advance nd 1 deriv d by engin 
d nd load condition . 
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22 The tuel ayate• components include the gas t nk, 
tbe .tuel lines., and the tuel PUniP. Fuel tanks are 
not a source of trouble 1n themselve J however., 
they must be v nted to outatde 1r or the tuel will 
not b push d rro the tank to th inlet side ot 
the tuel pum. 

The 11n mu t be clear so that tuel flo will not 
er trict d . Conneottona musu b ti ht so that 

air cannot leak into the tu l tlow. The tuel pu 
at or ate a vacuu on upward atrok a to move the 

tu 1 fro the tank to the pump and pr au~e on 
th oth r downward atrok to pub the ru 1 into the 
c rbur tor bowl. Pu preeaure t b within 
apeo1t1cat1on toke p the f'uel l v l 1n the or
bur tor bowl at pr d ter ind lev l . The most 
important Job ot th air cl aner 1s to filter the 
a1r to the engine, and in doing thls 1t gets dt ti . 
When dirty, the tilter can ett ct the o 11brat1on 
ot the atr/1\lel mixture. This will low r per
formance and econo • 

23 The purpose ot the c rbur to~ on th eol1n 
engine le to tr, tomtze, and d1atr1bute th 
ru 1 throughout the air flowing 1nto the ngtn . 

24 Th o rbur tor 1 tuel t ring d v1ce . It mat 
.fir t ao,ntrol a Lr .flow to th e 1ne·. Second, 1 t 
must ense engin tu l requirement . TJ){s la 

coollJ)ltahed automatically- ma1nl)r by making u e ot 
the pr1no1ple of d1:t'terenc a 1n pr ur . Third, 
th c rburetor must tr rying quantities or a1r 
and tuel with no outaid dJu t nt ov r wtde 
range ot eng1n operating conditions uch • v rtoua 
eng1n speeds and ng1n loads . Fourth, Lt mu t 
break up the 11qu1d tuel 1nto minutely small par
ticles, {atomtz t1Dn) m1x th w1th th correct 

mou~t ot air,. nd moothly 1ntroduc thi mtxture 
to th intake n1fold. 
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The carburetor must be oafabl of varying th •1.x
ture trom a r1ch (choking} 1xtur ror oold en 1n 
starting to al an txture tor hot starting. 

In addition, th carburetor must var, the mtxture 
trom a rich high power 1.xtur wben the driver 
wants fast acoeler t1on and tull loads on the 
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ng1ne to a lean mixtur• when he wants to eoonora1ze 
at cru1ain ape ds. 

'!'he carbur tol" tlow ohart ta a graphtc deeor1pt1on 
of n engine•s 1r and fuel requirements through 
all ranges ot operation. With the relat1onah1p 
betw en fuel and 1r exp:resaed 1n pounds per 1nute, 
as shown on this chart, two radically d1tterent 
engines can be compared a to their r latlv tuel 
requirements . Also 1r/tuel tattoa tor one engine's 
variou speed.a nd loads can be shown. '!'he eol1d 
ltne curve 1nd1catea the 1r-tuel ratio it the 
accelerator were depreaaed to the floor and 
h ld to maximum apeed. Th dotted line curv ehowa 
gradual depreaatng ot the accelerator untll the engine 
reaches 111&xtmum speed. Nottoe th economy one oan 
obt in from the engine b7 gradual aooeler t1on. 
1r/tuel ratios are limited rrom an extreme]¥ 

l an mixture ot 20 pounda ot air to 1 pound ot .tuel 
to n extre l.y r1ch mtxture ot 6 pounds ot air to 
l pound ot fuel . The perfect 1xture 1• 15 pounda 
ot .1r to l pound ot tuel. At tirat 1t would appear 
that the carburetor baa a relat1vel,y tmple Job to 
pertor . It mereq has to 1x 15 pounds ot air to 
l pound ot tuel and d ltver it to the combustion 
chamber. Untortunat q;, perfect eondit1ona do not 
exist tor the following reasonaa Piret, varying 
amounts ot exhaust gaa linger in the combu1t ton. 
ohantber and dilute the new charge. Second, varia
tions in temperature do not llow perJtect aixturea 
nd d1etrtbut1on ts not equal to aoh. cylinder. 

Thia flow chart showa the a7at JOB 1n tb carburetor 
that operate to give the destred ratio and the 
pproxtmate speeds at which the7 operate. The 141 

eyatem suppl1ea the entire mtxture at 1dle and up 
to about 25 m1lee per hour. Between 25 and 40 m1lee 
per hour ts a transter range and th mtxtur 1a sup
plied by both the idl and the in sy•tema. Prom 
40 to 60 mt.lea per hour the mtxture ls supplied by 
the in ya.tema. Above 60 the ower ayate 
enriches the in syate . 

PluLds or 1r will tlow whenever there ta a d1tter
enoe tn pressure n the tlow w1ll be tro high 
pre sure to th lower pressure. 'l'h wat r 1n the 
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hose 1s restricted by the hoae nozzle and is there
fore under pret:J.aure. The water flows from the hoze 
nozzle under presture 1.nto the a1.r with no pressure. 
The greater the ptief11:1ure difference tbe farthe:r the 
water will spray. 

It tuel were standing in a oar:Ouretor bowl with the 
engine abut ott, there would be no flow ot fuel 
because.there ts.no difterenoe 1:n pressuiie on the 
fuel. Atmospheric ;pr,Htsure 1.s present at the tip 
ot the main nozzle as well as tn the bowl. Atmos
phe:rie preasu:tte ts pressure exerted'bf t~ air 
surrounding the earth (d.ue to its weight) on eaeh 
f)quare :Lneb of eu.rfa.ce.. 'fbt.a preru,ure la a;pprox1.· 
m.ately 15 pounds pe~ square inch at $ea.level and 
decreaae.s as altitude to increa.sed. 

lt a tire pump were used. to raise the pressure 1.n 
the bowl to more than a tmosphei110 ( 16 ~ounda p.er 
square 1noh, :tor example), there wow.la be a dit• 
terenee or one pound per square inch and. tuel would 
flow. This d1ffer,enee 1n pressu.re 1.s called tteffee
t 1 ve pre.a sure. " 

A pre1su.re lesa than at.mospherJ.c 1.a called a "va.0, .... 
uum. •1 When a stteaw ta sucked to obta.1n liquid from 
a glass a vaeuum 1.a produced Ln the mouth. Atmos· 
pheric pressure on the liquid 1n the glass wil.l 
then force the l.~qu14 up the straw and into the J.ow 
pressure area. 1 Now that it bas been deter111ned 
what vaeuum is, let•s !3ee bQW vacuum is measured. 

If the left hand tube 1:n the piotu:re :Ls ftlled with 
mercury and tben 1nve.a:ite4 and placed :t.a a conta.1ner 
of mercury, the mercury in tbe tube will drop t.o a 
eerta1n height and stop .. As the merourv drop$ 1A 
the rntdo.le tube, a. space with no air pressure (O· 
pounds per Ulch) is left above th:e mercury column. 
'l'he. height of the. mer,nary CQlumn above the ltqutd 
tn the eonta iner ts appr<.'>x1mately JO inches. !his 
means a difference ln p:resaure between O and 1$ 
pounds per square inch will .support a column of 
mercury 30 lnohes btgh. If we opened the tu.be at 
the top 't,o atmospheric pressure., the column of mel'
eucy 1n the tube would drop too inches as shown 
on the tube 1n the fl&bt. of the pioture,. 

As tb.e a 1r 1:a bled into the top of the tube, the 
pressure 1$. increa.sed t.xiom zero to 15 pounds wbtle 
the vaouum ts deerea.sed from 30 inches to o 1nchea. 
Tb1s means that the vacuum ehange.s a 1nehea tor 
everu pound or pi:ea1ure change,. 
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The ehart shows thts relattonshtp. Now instead of 
a mercury cc,lumn we general~ use a va@,um puge 
ln actual pra.et ioe to measure vacuum 1n tbe s..ntap, 
man1to1d. · XE a viu:tuuni gauge reada 18 1n;che1 of' 
mercury when the ens,1.ne 1s 1dl1pg,, the chart &hows 
that 6 pounaa pe.r eq,uaff tnoh ot preeusure are ta 
the manifold.. 

If atmospheric pressuxi• QUts1tie is 15 pounds per 
squal'e tnoh, the e.tfe.ottve pressure is 9 Pot.Inda 
per sq:u.a)r• 1nch (wbieb is equal to l/2 the vacuum 
read.ing • Due 'bo the tact that th$ throttle is 
pract1oally closed, tb1.s Pl\'•1.uJure can sve veq 
11tt1e a1:tt ,hrough the carburetor. 
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!he d1ttereno,e between . (A) a.'tnsoapherto pressure and 
(M) man1told presaure ts tbe tor~• which cauaea 
tuel and all" to flow. . 

If the oarburetor .bad a st.ratsnt boN auoh as thit.
no f'Uel would flow b•cauae of tnsutt1o1ent p,_,es• 
sure cU:iop at the t.tp ct the nozzle. In thie ease 
there would. be onl.¥ l pounde per sq_uare inch etfeo
ttve p:resaure to Ittove 1-he fuel. 

The pressuile at tM noacle 1.s lowered to the potn, 
where the fuel w111 flow. The uvtce \Ut,ed to. 
t.ncrea,e speed ot ail! is called a ven1.ur1. A ven• 
tur1 1• a reatrt.ctLon Ln a tube. !he pressure 1a 
lowest at ,ne neck or narrowest part of a veaturt • 

.vue to the venturi, :t\tel will tlow even though the 
pres.sure d..ltferenee beuween the manifold and O'U.t• 
11.cte air 1s a emall amount. 

ManJ carburetors 'I.lie a pr1tmU7 veniux-1 alld. a boost 
or ·secondary venturi within the Jttine17. T.bts helps 
le>we. r the preaaure at lfJW ape'tda and. attll will. allow 
a large air movement at htgh apeed. Th1.a picture 
ebod the bot,om o.t the booat veh:turi wh1.eh ta 
located 1n the narl'oweat part of the pr1ma:n17 vent,u111 .• 
Thia atr will speed. up through tu b.ooat venturi an«,. 
thereby. eauae a greate.- di-op 1J3. pl'ese\U'• at the 
ma tn noza.le. Tbe b1gh a 1r epeefl .alao b.elpa to break 
up (atomtze) the tuel aa 1t come.a o\lt the main 
noizle. 

Now that 1 i ie known how 1'.he low pressure in tbe car• 
buretor bore ts created, it 1.a necessan to deter• 
m:t.ne how fuel I.I\. the bowl ta pres:aur11ed.. Tbta la 
i'eterred to 81\\ venttng. Thl'ee metbodS o~ ventt.ng 
are 1uaed. Thel' are external, . 1atexin.al, an.d a. .com-. 
htnatton o.t the two. Exte.raal ven.t1ng ean be 



acoompl1ahed by rely dr1ll1ng a hol 1n the top 
ot the tuel bowl. Now if 1t were not tor the 1r 
filter , this method would be a aLmple wa1 ot keep
lng the atmoeph r1c pressure on the t\iel 1n the 
bowl and also providing an outlet tor lease pres-
ure developed 1n the tuel bowl under hot engine 

cond1t1ons. However, we m.U&t have a1r oleanera, 
and good air cleaner• t11l up w1th d1rt. This 
cause, reatr1ot1on of air through the venturi. 
W1th xt rnal vent1ng1 the amount or preaaure on 
the tuel does not change with this reetrtot1on, 
but the amount ot air pressure is reduced at the 
tip or the b1gh apeed nozsle ao that a rich mix
ture is obta 1ned. 

41 Internal venting when used alone can lllOst co -
pletely oompenaate tor air cleaner restriction. 
The one main disadvantage is that under hot condi• 
t1ona th tuel 11'111 vaporize and, a1nce the vent 
1a under the tilter, the vaporized gases will 
enrtcb the mixture . Und r low speed driving th1 
oauaea a rough running engine. 

42 Sine both types ot venting have drawbacks, 1t 1 
not aurpr181ng tbatl a combination ot the two 1 
u ed on moat carburetors. 
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43 Now let's aee how the various s1atenaa in a carbur tor 
operate. Moat carburetors have a tloat, idle, ma1n 
metering, power, a pump, and a eboke syate . 

44 When pec1f1 d tuel levels are reach d 1n the car
buretor bowl, the tloat pontoon and ett ohed lever
age arm exert tore against needle valve, ahut• 
t1ng ott flow. L1qu1d level, which is controlled by 
float setting, La an important factor 1n tuel air 
rat1oa. 

45 The purpo e ot the idling s;ystem in any carburetor 
1a to auppl.7 the correct a1r/tuel 1.Xture to the 
c;y11ndera during idle an low speed operation. The 
LdlLng ayatem cons1 ta ot a caltbra.ted idle tube, 
a1r bleeds, idle passages, aeconda.ry dLsoharge holes, 
mixture screw• and idle discharge bolea. Th low 
preaaur below the closed throttle valv caue a 
fuel to tlow through the idle tube into the 1dle 
passage where it ia milted with air from an air bleed. 
The air bleed alao prevents t'uel from siphoning out 
ot the bowl when the engine 18 stopped. Th tu 1 
and air conttnu s down th paaa ge to the aecondary 
diacharge hole . These are located above the cloa 
throttle valve, aa result mol'e ail' will ble d into 



the mtxture at this po1nt . Th mixture tlow p t 
the 1xture screw and out the tdle port . The 1x
ture crews llow adJustntenta ot the amount ot 
1xture which will flow out the idle port . AdJuat

ment ot the throttle top screw, controls tdle 
peed by allowtng add1t1onal atr to enter with th 

idle mlxture. 

46 So applications have the throttle valve contpletel.1' 
closed at idle and a1r 1 t d by a by-pass ayate•. 
In this oas an additional screw a(1Justs the mount 
ot air allowed to paaa. 

47 When the throttle valve 1• slightly opened, the 
secondary d1acbarge ports are exposed to man1told 
vacuu oaus1ng additional tuel m1xture to diach rge 
trom them. This allowa tor a smoother tranattton 
betwe n 1c111ng and cru1a1ng ap eds •. 

48 hen there ta sutt1c1ent a1r tlow through th ven-
turi, the pressure will be low enough at the top 
ot the nozzle to cause tuel to flow. Thia ta known 
as the tranater point where the idle or low epeed 
systems become 1naot1v• nd the matn or high peed 
systems take over th job ot taring nd m1.X1ng tbe 
atr and tu.el in the proper ratto. The ,na1n meter
ing system cone1ata of the ma1n me~er1ng Jet. th 
saatn t ed well, nd the 1n nozzle. In moat c rs 
the in sy tem s~pp11es tuel over · speed rang 
ot approxL tel.y 25 to75 m11e .r hour. 

Aa air tlow through the c rburetor inereaa a, ther 
is tendency tor the m1xture to get richer. Th r 
are a number or ways to co.i>at this situation by 
the proper placement ot a 1r ble ds in the high ap d 
nozzle . The prtnc1pl shown here is the use ot a 
perforated lower nozzle. Ir the part et the nozzle 
which lies below the level ot the tuel 1n the main 
well ta perforated wtth hol a, then under 1ncrea d 
speed th well level lowers . This allows atr to 
nter the uncovered holes which w1ll lean out th 

mtxture . 

End ot the first hour ot 1natruot1on. 
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The second hour lea on using the dtrect- nd-deta1led thod 
ot te oh1ng Pr1nc1ples ot Rochester Model BC carburetors . 

51 

52 

Und r wtde open throttle cond1t1ona with high eng1n 
speed or load, the 1n tuel 8¥ tem cannot uppl.y 
adequate fuel . To overco th1 · condition an addi
tional passageway 1s opened up in the main syetem 
to allow greater fuel tlowo This is .:=all d the 
power yatem and 1no.ludea the tollowtng ~l't : the 
power piston and "spring# a 4 the vaouuia paasag to 
the 1ntak ma itqld. The power valve controls a 
passage tro the bo l to the in w 11. The power 
piston ts looated abov th valve an is spring 
loaded to push 1t down and open the valve . Under 
high n1told vacuum condition, the low pr aaure 
abov th piston 111 allow at spheric pres ure on 
th botto tor tse tb piston galnat th spring 
pr ure and llow the pow r v lve to close. Under 
conditions ot power, the pres ure ditt rential 1a 
not great nough to keep the pr1ng co preaaed. The 
power pi ton ts ther tore pushed down by the spr1ng 
and thls opens the pow r valv . 

Wh nth throttl 1s opened rapidly, th air tlow 
incr s and n1told vaouu d ore • Because 
ot the great difference 1n w•1sht b tween Lr and 
tuel, ny udden change 1n throttle opening results 
1n an 1mmed1 t atr 1ntake, but th tuel having 
grater eight tends to la behind. Thi reaulta 
1n ment ry leann &S o The accelerator pulllJ) pro
vide the extra tuel nece ary to overcome th1 
proble nd g1v s s oth operation on r pid throttl 
openings . Thia 1& accomplished by di chargLng 
extra tuel into the venturi a1r strea whenev r the 
throttle valves are opened taet . The pump system 
ut111z s a pump plunger that ts linked to the 
throttle valve by m chan1cal 11.nkag . As the 
throttle Ls closed, the plunger 111.0vea up in the well, 
crea t 1ng a low pre sur under th pUmp. An 1nl t 
ball check allows tuel to till 1n th low pressure 
are . As the throttle 1 opened, the l1nkag forces 
the plunger down and exerts preseure on th tuel 
und r th plunger. The fu l is tore d out paat th 
dtsoharg ball check nd squ1rts into the carburetor 
bore of the lower end ot the venturi. 

Th necess ry require nt of good tuel vaporization 
re te 1ng or inadequate when starting cold 

engtn . Th1s 1:nadequ Cf 1s overcome b;y using 
choke valve bov the venturi to oontrolthe air sup
ply while th engine is cold. The chok valve c n 
be controlled manually or by uto tic na . 
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Automatic ehokes •ke use of a 'btme,al .1prtng wh1.eh 
.coils up tighter a, 1t wa.irms up and. unoo1ls. as lt 
gets eold. lt the end. of th.te sprtns 11 atiached 
to the choke valve· bf i1nkage,. tt w111 puab the 
0-hoke closed wh:e.n cold.• an« paduaUv releaae ten• 
,u.on aa it geua wamMr. . To belp give mo.tie aceu»ate 
eontl'ol ot the choke W'h.S.le the engtne 18 arming 
lilP, a vacuum operated. platen cotG\>1nes w1t.b an 
unbalanced e.ooke plate to toroe the choke partlallr 
open asatnst the aprUig 'b!71n& to olose 1t. Hot 
air bona the ~uat .anitold 11 pushed bJ .l'bDlOB• 
phorlo preaauJ'e thl'ough tne.bt•tal 0011.and pasti 
1.b.e vaeuum piston. into the 1ntake man1to.ld. '!bJ.1 
heat helps the eo 11 a1d.od and allows tbe cnokt uo 
open gradually. 

An automatic choke also re.quire• a tast idle featu~e 
t.o gtve an RPM t.n:elieaae at ·1,1e apeeda when th.e 
ehoke ts 1tl operatton1. o,hen1ae, · tbe engine m.1.gh.t 
l0$d up wlth a rloh mSJt1n.1.re and etall. A ohoke 
unloaci1ng :teatu~e 1.s also nece•u.17 to provide a 
mean.a 0£ open1ng t.he ,noke it i.he eq1ne beoomes 
t·lood.ed du~ 1.ng o.ranktng. 

Dua11eel7 and Inspecttoa ot the aochester BC Cat-bQe'iOai. 

At t;h1.a 'b1me eaoh student snouUl uve over to 
the benches. ?ou will t1nd a Boeheater BO OaJt• 
b'.ui-eto~, a screw dr1ver~ .a parts pan, and a clean 
shop towel. Pleaae listen to the tape reoortlU\g 
and. to.llow 9i!J£ the tr.uitrualiona g1ven. Do not 
work a.bead.~1n,; cex-ta1n pa:fta ot this lets.on 
you will be aued to l.o,ok at t1i.t,1pe whl.ch a.re 
tlaahe4 on th.e tcree.n. · 

ac-1 'l'be • tn pa.rte ot 1he Model BC 08itburetoi ean be 
v 1ewed. on 1'he .eeXteen. 

PJ.lok• . Dt·~~··•k 
1. Loosen the 1/2 1Jleb brass tLttlns on t·h• 

e:hoke vacuum tl&'be. Invert the caXibt.1Ator· and 
notice the lar:ge vacuum hole in the 1nelclff cf the 
tbrott1• boq. 

a. Remove th• t~ee attachtng stat eover 
aerewa and. xie1ia1n.e"a, uhen the atat flove:r, oover 
the gasket; and. thet'mt>stat eotl aa841lbl¥ trem the 
uarbuX'etcr. ·11e.a•• nottce ihai a, thla actl ta 
heated tt will. eoU up ttghter and aa 1., ooo.1s tt 
w1ll unoo11. !Che 'bang on the eoU pu.ahea apinat 
the .c;hoke lent' a,11 boldtn& the choke valve oloaett. 
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The r ture ot th coil will va17 th amount of 
pre gatns, th choke valv . 

3. otic t ohoke battle pl te S.n the choke 
housing. Ita purpose ia to control th flow ot 
heated air through the co1la . Re ve lt trom the 
housing. 

4. Inspect the ohok piston.. Open an clo e 
the ohoke and not1o the actton of the 1aton. 

5. ObaeJ.CVt the choke housing mounting screws 
and the gasket. If the g sket leaks, the cold out• 
aide au lnate d ot heated air will b drawn 1nto 
th housing. Thia w111 c us exoeas choking on 
w. r up of the engine. 

Air Horn D1saaaemblz_ 
I . 

6. Remove th (4) orewa holdlng thee r
bu:retor atr horn to the bowl and 11.tt ott the atr 
hOrn. 

7. Place t;h air born tn an unended po11t1on 
on flat surtace . Remove th tloat htnge pin and 
float eaembl.1' . It the float pontoons wer dented., 
they . oulct have leas volu nd tloat .lower 1n the 
tuel. Th1a would cau ea htgh r tuel level in th 
bowl. 

8. Remov the tloat needle . 

9. Thia c rburetor 1s botb 1nternall.J 
externally vented. Trace th internal venting tro 
the apo\at 1na1de the a1r horn above the ehoke valve. 
Thre ar two external vents one on aoh aide of 
th ir born near th top on the outside. 

10. R mov the tloat ae t and gaak t w1th 1/2 
1.noh bit acrew«r1ver. Be sure to eheok the htnge 
pin nd needl tor grooves which a~e caiaed by we r . 

11. Notte the 1n metering jet in the 1n 
well uppol't . Hlgb r ele~ ti.on wlll t quire a 
smaller aiae Jet beca.uae of lower atnt0apher1c pres
sure. 

12. Remove the main well suppol't . The tr 
horn g aket ;z now be remove earetully. 

13. R mo e th power piston nd ap~lng. 
Re lllber th pr1ng 11 calibrated to push the potfer 
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ptaton down and open the pow r valve when the 1ntak 
manifold pressure increaaea bove a oert in apec1-
t1ed setting. Notes Do not try to remove or bend 
the idle tub . 

»owl D1s~aeemblz 

14. R 1110Ve th pu18p discharge guide w1tb a 
n le nosed pli re . ·The d1acbarge spring and ball 
will tall out wh n 7ou 1nv rt the carburetor bowl. 

15. Remove two p 1n epr tnga f'rom th pump l 1nk 
and remove the J)Ump link from the throttle lever 
nd pump plunger rm. 

16,. Remove the pump plunger fro11 the bowl and 
the pump retuin apr1ng. otes Do not remove the 
ohok• auction tube from the throttle bodJ. 

17. Invert the carburetor bowl nd: rea10ve 
the throttl body and gasket troll the bowl. 

Throttle .Bog 

18. itenPV the idle adJueting eedl and 
apr1ng. Notice the small tdle hole below the 
throttle vale. 

BC·2 19. At this t111l8 let•s trace th tuel and 1r 
tlow through 1ihe entire idle a7at8Jll. Beg1nn1ng at 
the idle tube Which 1a extending down into the tu l 
in the Jll81n well, the tuel ia forced up the tube 
nd aoro• the atr horn via the nozsl bar. It you 

look into the top ot the atr horn with th choke 
open Jou can aee two ir blee holes uae4 tor ms.x-
1ng air and 1dle t\lel 1n the noz•l• bar. The idle 
fuel and a1r mixture co• Clown a pa1aasewa1 in the 
carburetor bowl to the ,hrottle boct,' gasket •nere 
1t ta d1r oted along a slot ln the c rbureto~ bowl 
and through a pas1agewa7 1n the throttle body, 
paat the idle adjusting needle and out into the 
bore ot the carbureto~ below the cloe d throttl 
valve. 

BC-3 20. How let• trace the f'uel and lr through 
the ma1n or high aped a7stem ot this carburetor. 
P tck up the ma in well support nd aet 1 t 1n place 
temporarll.J on th air horn. Reme•be~ about two
thirda ot tb1a wpport 11 immel'aed 1n the tuel 1n 
the bowl. ow w1th the throttle lve partlY open, 
atmoapher1o pressure JIOVea air down through the 
venturt. A tr nsfer from idle to b1gb speed occura 



as tt ctive pre · ure deore a t the 1dl di -
obarge port nd lnoreaaes 1.n the v1oin1ty of the 
high speed noszle . 
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BC-4 21. The power valve on this carbur tor 1a on 

BC-5 

the lower end of the ma1n well support. When the 
power piston 1s pushed down by th apr1ng, tt torcea 
th apr1ng lo de4 ball out or the opening nd addl• 
t1onal tuel tro th bowl will enter nd dd to the 
tuel which 1a al.re CS,, tlowtng through the ma 1n Jet . 
With the throttle valve almost wide open thereta 
Ve'J!1 little difference 1n the pressure or atther 
end ot the power pi ton ao that tbe aprins torcei 
the piston down nd opena the power valv • seeable 
thep,wer p1aton spring an4 main well eupport to the 
horn. 

22. plac the needle, aeats, tloat, n 
hinge p1n to th air horn. 

a3. R plac the choke baffle plate . Replace 
the thermostat 0011 aas Jabl,- and cove%', b 1ng sure 
to hook the end of the 0011 under the choke piston 
ltnkage . Rot te the cover clookwtae unt1.l the 
atngle rk on the oover lines up with the 11:lddle 
mark on the choke casting. Replace the three loclc 

crews . The choke should be 1n the close position 
nd :,ou •Y te•t it tor •11¥ blnd1ng bJ 4ep1.'eea1n.g 

1t with your ttnger. It it binds, remove the stat 
cover nd ch ck th shatt tor treed.om. 

24. Float dJuatment hould be de at this 
time. With the air horn inverted, place the float 
gauge into poaitlon and bend the tlo t tang ao that 
the top edge of the float Just touches the gauge. 
Check to ee that the aides ot the float do not 
touoh th gauge legs. ext turn tb a1r horn 1n 
the uprtght position and ch ck th ·mount ot float 
drop. 

25. Invert the bowl, place the throttle bodJ 
paket into poa1t1on, n ttach th throttle bodJ . 
otec Be sure the gaaket hOles re lined. correctly 

wtt6 the v cuu holes tn th bod1' nd the bowl. 

BC-7 26. Now before as eml>ling the accelerator pump 
yatem, let•a trace the tuel tlow through th1e 
ys em. Moat aaodels ot these carburetor.a hav no 

1nlet ball check tor the pump. Pu l comes 1n b tween 
the pump piston and th wall on the upward stroke. 
Notice the v por vent ball check in the purq, ptaton 
1n th p1cture . otioe leo th steel ball an 
aprtng 1n the P\lJ1lJ> d1echarg cavity. on the downward 



stroke of the pump. tuel la toreed, paat the bal.1 
and o-ut the small bole 1n the ve:ntui-t near the top 
ct \he cav1t7 o PUld ihl.s bole on Jour cu.,rouret,o.» • 
. Assemble the pJ.una••• .spitag, ad. ret,a.tru,r ond 
1.n.stall tbe aaaemb]¥ 1n the pump we,11. Replace. 
t.he linkage f~o11 \he pump to tbe 'btuiottle aaat,. 
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21. Install ,ae a11 hom to the lhl'oUtle bod1 
.and connect the ehcke xie4 and. o.1'1olte eueuion tube. 

BC-8 28. lot1ee that w1th the eboke cloaed the 
choke rod. bolds Uhe l11~eat step on the taet id.le 
easa against the .141e •. pe•4 ad.Just:t.ng JtH>:l'ew. Th1s 
bolds the throttle valve open sl.!ghti.J.¥ ao 'bhat. the 
engtne wUl id.le taater· when the ol\Oke ts <Jl.Q&d.. 
It you push the ohoke plate open ihe taat: idle oam 
will swing to a lowel.' atep and iihe throt'b1e ,ra.lve 
w111 close oo,aplete3.1'. !'b.11 aeit.lng Lt a4Ju.ste4 t>, 
bend.tns the eboke iiod.. 

ao-s, as. Observe that wben tu iiuott;le ie opened 
wt4e a 1iang on the tihrofrble lever oontaota 1ihe 
taat idle cam and puanas tn• ~· pal'ttallJ' open. 
'fh1s ts called the unloader- The opera,or .can, 
open the choke to 11ed.ioe :tlood1.ng bJ plil$h.tng 1.he 
aece.lerator to the 11001.1 •. Th1a comple,-s the 
leaaon Qn Rochester BQ oarbuxieioxia.· 

Bntl ot second hour ot 1Ut1nu:rb ioth 
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The fir t hour l sson u 1ng the d1rected-d11covery method. 

INTRODUCTION TO CARBURITIO 

Student, this le aon 1s cone rned with th . t\lnda ntall 
of c rburetton. Please 11 ten caretul]¥ to what 1, being 
sa1d wh1l you ar study 1ng each alld • You wlll f 1.nd 
thJtou bout th1a lesson that quest1ona re aked and clue 
r stve.n to help you to gain greater und r tandlng. Short 

interval of t1 e are allow 4 tter aoh qu at1on. Pl aae 
trJ to answer the questions 811 nti, in your own beat Judglllent . 

p11 .• ;/ 

l Engine p rformanee 18 dependent upon how eft1c1ent1Y 
the air/fuel mixture can be moved into th cylinder, 
co&IJ)resa 4, burned, and the elthau t gas a removed 
o that the cylinder ta clear tor then xt ch re. 

Thia 1s so ttmes r terred to as ngin "br thing 
ab111t7. n 

The inter l co buatton ngine 1n a aena 1 nothing 
mor than a vacuum pump. Just how c n an eng1n · b 
compared to vacuum pump 

hat ia vacuu anfWSy? 

3 Mo t pt ton typ ut,omotiv eng1n · hav tour atrok 
in one compl te cycle ot ope:i t1on. Begtnnll'lg w1th 
the 1n ake stroke, th . piston move down 1n the 
oyl1nder. Th1 causes low pre eur or partial 
v cuum wtthLn th oyltncler. c n. you ex:pla1n wb1' the 
piston DIOV1ng down in the c1ltnder on. th int ke 
trok .111 ereate a partial vacuu ? l).tring 

th1 atroke, a1r ts forced through th carburetor 
where it picks up prpper portion or fuel and eon
ttnuea on to till the c¥l1nder with a oolllbuat1ble 
· 1.Xtur • Wh t 1 the toroe caua 1ng the ir to IIIOV 
into the cylinder? 

4 Wh nth int atro~ 1 co leted, th p1aton vea 
up, squeezing the fresh charge upward 1nto th com• 
buat1on chaJllb r where both valvea re now closed. 
~h1s ts called th co res ion atroke. The r son 
that the tuel/ 1r txtur te co!Di)resaed ta that the 
en rgy rel as d by burning can be captur d re 
ff1o1ently . ean you determin the r aona ~or this 

5 As th piston nd the compr seion stroke~ n lec
tr1o 1 c~a s, 1 released in th oo buat1on cha)l})er 
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t th spark plug. Thia cau s the air/tu 1 miX
ture to 1gn1te and burn. Rapid generation ot he t 
within the cylinder ·oausea an expansion or gaae 
Wh1ch pushe .or force . th pi ton down. Th1a tum.a 
the or nkehatt and 1a o 11 d the power trok. 

stred oo bustion 1a the complete burning ot all 
ae a,oroas th combuat ion ohamber . This should 

b . a c retully controlled co bustion., not a sudden 
exploa1on. Wh t would be om ot the re ulta s 
tar s engine operat1.on an ta1lur ar concern d 
if the mix ur burn d too :t' et? How bout too low 
a burning t1 ? 

What ett .ct would tuel/ ir ratios have on burning 
t1m? 

6 C n you think oE ny re sona whY most ngine have 
trouble getting the exhaust ga es out and conse
Q.U ntq will usual~ allow re ti tor thta laat 
stroke? con ider tr1ot1on and 1n rtia ln your 
newer. 

1 C n you think ot re sons wby ch of tbe dttterent 
strok a would not start and end on top nd bottom 
de d center? .......... 

,his la d1a ra ot th ctual valet 1ng ot a 
h1gh p rtormanoe engine. Why do you think th1s 
e tne would run rough t 1dl and low eds! 

otice the length of th in ake strok n crank
abatt degr ••· The compr ss1on stroke b gtna when 
the intak v lv cloae and onl1' uees 1060 of 
eranka.batt rotation. Can 7ou v1 ual1z bow the 
pr1nc1ple ot Lnertt.a ia used here 1n respect to 
t1ll1 the e7lind r? 

0 The power troke onq requlr 8 or crankshaft 
rotat1on. The exbau t tro bestna when the xhaust 
valve op ns at 82° before botto dad center and haa 
a duration ot 2$3° ot orankahatt rotation. Nottge 
both valve• ar open ne r top 4 ado nt r for 60 
ot er nkshatt rotationo 

8 Int ke . nitolda muat be compromise bet en a large 
bor tz ece r'/f' tor b1gh. pe bre thing nd 
s 11 bor 1z necesaary tor low idling sp ed. How 
would tnt ke raanU'old restr1ot1on tt ct high speed 
and power'/ 

How would no reatr1ct1on 1n th int k 
atteot low speed nd idle? 

n1told 
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9 ood distribution ot 1.xture to each cylinder ta 
d11'f1cult on an 1n·11ne engine due to the var1 t1on 
in d1atancea the m1.Xture must tr vel. Can you 
thtnk ot possible newera to 1.h1a problem? 

10 In v.a engine, the manitold is designed to tve 
the same distance to each cylinder, thereby giving 
better di tr1but1on between oyltnders. BJ uatng 
two or tour barrel carburetors each bore reeds lour 
cylinders. Kotiee the black arrowa 1nd1c Ce the 
tour cylinders ted by one carburetor bore and the 
white arrows indioat thoee ted by the other bore. 
What are some possible re aona tor dtv1d1ng V-8 

nttold• in th1a particular way? 

11 The purpo e ot the x.hau t paaa g 1n the 1nt ke 
aaan1fold ts to heat the intake gaaea so that they 
v por1.se When the engine ta oold. Will water 
vaporize when we boil 1t? 

What a ems to be one tnaportant r qu1rem.ent tor 
vaportzat1on ot l1qu14T 

How wtll var1atton1 1n the · tmospher1c pr asure 
att ot vapor1sat1ont 

The . n1told heat control v lve la DtUch 11.ke damper 
1.n a atove pipe. This valve ts et 1n one exhaust 
pip and when closed w111 block ott the exhaust 
from the one s1de and tore 1t to cross over past 
the carburetor to the other exhaust p~pe. A thermo• 
atatio apr1ng controls the valve keeping it cloaed 
When the eng1ne ls cold and open when the eng1n 1 
warna. U two atrtpa of' metal w1.th d1.1'terent expan
sion r tea are laminated togetheras one strip, what. 
would you exp ct wou14 h ppen it you he t d this 
trip? 

la 'l'he exhaust aya\e has the ill)Ortant Job ot c reytng 
away the exhaust gaeea and pro11110t1ng qutet opera
tion while et111 allowing good engine bre thing. 
What would be the et"tect on engine Spee and power 
with too muqh back pressure 1n the exhaust s~stem? 

Can you think ot some poaaLble causes ot back pres• 
aur in the exhaust ayete t 

Moet utomot1v engtnea will not idle 1£ th91 bav 
no tailpipe or 1i1Utfler. can ~ou d termlne a reason 
tor th1e? 

13 Now let's aee what 1.gnitton ttmtng has to do w1th 
baaio c rburet1.on and the proper tunot1on1ng ot the 
engine. 
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1.4 o tter what the sped or load on ny cl rn ng1ne 

15 

16 

17 

18 

l9 

th tuel/ 1r 1.xtur hould be oompl tel.y burn d bg 
the t1 the crankshaft ha ved approxt tely 10 
past top de d center, can you sugg st why th re 
woul be tre ndou lo s 1n power if the fu l were 

llowed a burnin t1 ct the tull 1 ngth of the 
power trok? 

It th burn1ng ti ot the g a 1xture ls pproxt-
tel.7 . 003 ot second, n engin running at 1000 

RPM ( r volutlons per minute) would trav l through 
18° ot er nkshatt rotation dur1ng0 thts ti • To 
co l et ly burn the mixtur b7 10 paat ~op dad 
center, the a rk t1,aing at occur t 8 before 
top deacl cent r . ow ai 20 O RPM th1 ame engine 
with the a burn1 t1 would r qutr what ap rk 
adv nee setting? 

re 1 typical centritu al adv noe cu ve. ot1oe 
the tol erance. Can 7ou think ot ny r son w~ the 
a rk adv ncea mor rapidl.1' tro• 500 to 1500 

. tban 1t doe fro 1500 to 3500 RP? 

Tb lstributor eentrif'U l w tght hown h re lllOVe 
out ten ion a pee 1ncr ea. Aa 
th w 1g.b.ta mov out , they cau • th bre ker cam on 
th 1atr1butor to ve with rot tion. Thi o us a 
th nition poi ts to n arl1er which t1rea th 
tuel char arl l r . c you visualize how this 
a centrifugal weigbta pri ciple might b uae I 

chan1c l governor to control 1ne apee? 

The v cuum advance unit cona1 te of a pr1ng lo ded 
· d1aphra11 conn ct cl through a l1nka to th dis

tributor bre ker plate. Manifol d vaouu , when 
ppl 1ed to the diaphr , ov rcoraea th spring ten

sion nd caua the breaker plat to rot te opposite 
d1atr1butor rotation. A reduction 1n vacuum ro
ducea retarded park nd an increased v cuu 
dvance the a. rk. h n the 1hrottl v lve in the 

carbur tor 1 elo , doea the ng1n v euua go up 
or 4own? 

Thia c rt ahow typ1oal vacuum dv ~ce e~rve. 
V ri t1ona in int ke n1fold v cuum cause the 
v cuu dvanoe u 1t to operat . Can you d term1ne 
what c use th1 v rt lien 1n intake manitold vacuu? 

For xi cono • und r cruia1 pee a (part 
throttle) , the apark baa to be advanced farther than 
for 11 pow r t the ea , PM b cauae le n 1.xtur e 
burn slower. WhJ do you think lean txture will 
burn slow r? 



In1t1al ti 1s ab a1c park timing position, 
uauall.J t w d greea before top d d c nt r . It 
1 al ya tat a spec1t1c RPM at idl p d. 
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21 Tot l park ti 1ng 1 tbe um of 1n1t1al, centr1-
fu l, n v ouu v no an is deriv d by ngin 
pe d and ngin load coruiition . Do you think 

the tot l spark adv nee would b · high, diu , or 
low 1n the following cond1t1ona, 

Low aped .full lo d? 

High speec1 part load? 

High aped tull load? 

Low peed part load? 

22 ow let•a look t the tuel ayetem compo nt. 

23 

A. The tuel tank provides storage tor th tuel. 
What do you th1nk would happ n 1f th 1r v nt 
in th tuel tank b came closed up? 

B. The tu l lines carry tuel tro Uh t nk to the 
pump and then to the carburetor. What do 7ou 
think would be the effect ot a loose tual line 
connection betw•en the t nk nd pu ? 

c. The tu l pu st create a vaouu• on upward 
atrok a to move the tuel from the t nk to the 
pu and a pJ."eeaure on th down rd stroke to 
push the tuel 1nto the carburetor bowl. It a 
special cam on the c .. batt supplies the force 
on the upward stroke ot the pump to create th 
vacuu, wh t suppl1ee the force tor the down
ward stroke to puab tuel to the carburetor? 
CU.es .Keep 1n 1nd that 1t the pu p:reeaure La 
too h1.g.h., 1t w111 overcome the tlo t preaaur 
on the tuel inlet needle and raise the fuel level 
too high 1n th carburetor bowl. Do you tb1nk 

pring oould be u d to auppl.J the force on 
the downward stroke ot the tu 1 pu , 

l). The moat illJ)Ortant Job ot the 1r cleaner 1 to 
tilter th a1r entering the carbur tor. In 
dotng th1s, the cleaner g ta dirty. You w1ll 
see later that a dirty 1r tilter can f'tect 
engine econoJD¥ and performanc . 

The purpoae or the carburetor on the g aoline en 1ne 
is to ter, atomt.ze, and 41atr1bute the. tuel 



throughout the atr tl9wtns into the engine. 

ali '!he carburetor 111 a .fuel utertng devtce. Pirsii, 
1\ must control air-tlow to th• engine. can you 
determ1ne bow a1r 1s controlled t:roa this ptc1ure? 

How do rou 'bh1nk ene;tne epeed. iatght :atteet alr 
flow to the engine, 

a,eeon~, 1t must sense engine fuel requ111ementa. 
could you explatn how th1s aenaiJlg S.s aceompll.ahed 
automat1eally through the uae ot <l1tte:,enoe1 1n 
pressures? 
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Third, 1.t •st 'break up the 11qu1d tuel lnto 
•!:n\i~ely aall .;articles. Thia la calltd atomiaa• 
tlon. cuea 'L'h1• ts done in the aame wa7 that a 
garden apra7er break# up the apJ:laJ ltquti.l. can 7ou 
explain the action ot a garden apJtaJer? 

25 When it's cold the •arburetor -.at enrieh the tuel/ . 
a1r m1Jtture because &ome of the parvielea of atomlse4 
fuel are lost ontbe ·weu to the eombust1.on chamber. 
Can Jou account tc:rJ this loa, ot fue,l. part 1oles 
when the engine. 1a eolctf H.ow 11. thta (U.iJustment 
ot tuel/a:1.xi mixture eon.trolled bi' tihe carburetor 
automattoall.y? 

Row can this b• aecomp11ahed manua13¥t 

:26 In. add.1t1on the carb'Uretcr must vaq the m.1xture to 
a :rJtch power mtx:ture wh.en the driver wants fast 
acceleratton and full load.a on the engtne., and lean 
out the mixture wben. he •n1u1 to econom1.ee at 
cruta 1ng spee4a. 

'Z{. The earburetor flow ebart 11 a sraph1e userLpti.on 
ot an enstne a1~ and fuel l'eca,Utf:ementa uhrougb all 
ranges ot opeziat ton. The ao:11c1 line eul've ehowa 
the atr fuel ratlo When the drive• depreases t.he 
aeceleratorto the floor and bold.a lt until max1.
mum speed 1s attained. The <lotued ltne curve shows 
gradual depYottu1atng of the aeee1•rator until maxtmm 
speed La a,ta1ne4. can vou explain w.bJ there 11 
sueh a great <U.trerence tn tuel eeonom, between 
'tihe top and bottom ourvest 

would. a hip pe2!'foraanee engine ever show lesa 41t• 
t•;,enee !n tneae two ounes than a low pe:t."tormanee 
eng.Lnet 
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A1r/tu 1 r t1o are limited trom an extr ly lean 
mixture ot twenty pounds of a1:r to on .pound ot 
fuel to n extre l.y rich mlxtur of elgbt to one. 
c n you g1ve at11 reasona why tuel/air mtxturea 111 
not burn 1n the oombuat1on ob.amber autt1ctent to 

llow the eng1n to run it they are too lean or too 
rich? cue, Think ot the fuel a many little 
11apecka""1ihioh are 41 trlbut•d throughout the atr . 

Under pert ct cond1t1ons ot ngine operation, what 
re some reasons to why we don ' t have pert ct 

conditions tor ng1ne oper t1on? . 

28 Thia flow chart ahowa the ayatema 1n the carbur tor 
that oper te to give the deatred ratio and pprox1-

te peed at whlch they oper te . The low apeeda 
and high apeeda require th richest mixtures . Ia 
1t possible to improve thia obvious wast ot tuel 
bJ 1ntroduc1 osne new lde a 1n th tuel. ay tem 

B1gn? 

Woul 1nj ot1on or tu l into eaoh oyllnder improve 
ither low speed or h1gb ap edt 

How about supercharging or blow1 ? 

What ke thew ter flow tro tb hose nozzl? 
It your 110ved tbe nozzl the water would not shoot 
out of the hose as tar. Why nott 

30 There 1a no pre aure d1tterent11 between the tu 1 
1n the tu.el bowl and the .tuel 1n the nozzleJ conae
quentl.1', th re is no tuel flow. How ob preaaure 
ts th re on the tuel? 

31 

32 

What 1 tmoapher1c pr ure, 

If tire pump re us d to ra1se the pressure 1n 
th bowl bove atJ110epber1c, t'uel woul flow. The 
d1tterence betw en the two preasur a 1s called th 
ett ottve prea ur . How 1a this etfect1v pr aeure 
obt ind 1n ctual practice, 

What ke 1t posaibl to dr1.nk the 11qu1d by 
sucking on a traw? 

Suppo e the atraw d velop . crack 1n 1t abov th 
11qutd l velt What wouJ'.d happen? 

tD10apher1c pres ur is ap roxtmat 1y 15 pounds per 
squar 1noh at se l v l . Pound per square inoh 
retera to the force per unit r • can you expl in 
tbta last t te nt? 
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33 If a tube closed at one end la tilled w1th reury 
and th n inverted and placed into container ot 

ercury 1 the rcury in the tube w.111 drop to 
approximately. 30 inches t sea level . can you 
explain what keeps the rcury at 30 inches in 
the inv rted tube at sea level? 

hat would happ n to the column or mercury it you 
placed it on top ot a mountain? 

If the specific gr v1ty at ercury is 13. 6 ti a 
that ot water, how high would atmospheric pres ure 
at ea lev 1 support a column of water? 

33A Th1 chart shows a r lat1on hip between gauge pre -

35 

ure 1n y llow nd inch sot eroury whtch can be 
upported by the oorre ponding gauge pressure in 

rd. How ch doe th vacuu re ding in inches 
cbang tor ev ry on pound pr qu r 1nch pre -
sure change? 

B1ve pounda negative pressure supports 20 1nche 
ot mercury, whereas 5 pounds poa1t1ve pressure 
upporta 40 tnoh s of rcury . Can you explain 

th1a? 

The pressure ditt r nee ot 15 poun s atmosph r1c 
pressure nd 6 pound n1told pres ure la main
tained b cause ot what conditions 1n this picture? 

Suppose you open d the throttle wide . What would 
1ou exp ct would happen to the intak nitold 
pre sure? 

The differ nee betw en (A) atmospheric presaur nd 
(M) manitol ptessur ta the torce which caus a 
fuel and air to tlow. Can you aee the relationship 
1n this ease with th principles under which most 
pump and com.pr eors operat? 

ow about the principle us din vacuum typ wind
shield w1p rs and w1ndah1eld washers? 

Wh t bout the home v ouum clean r? 

36 Ir the c rbur tor bad a straight bore such as th1 • 
why wouldn't tu l flow tro the bowl out through 
the nozzle? 

37 In or er to low r th pres ur t the nozzle o 
that tuel will tlow we use devio called a venturi . 
It works on the following pr1nc1pl a th high r the 



velocity th lower the pressure drop. It a1r 1 
de up ot t1~ particles, c n you v1su 11ze 

reat r space between thee particles at th 
a lleat po1nta in the venturi? 

It we have fewer particle 1n a pace, aren•t we 
approaching a pert ct vacuum which La nothing in a 
space? 

can you visualize wh7 there ia p rt1al vacuum 
er ated 1 di.ate]¥ behind at t moving train? 
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38 Can you explain why :tu l will flow ev n though th r 
1a very little pr sure itter ntial between tmo -
ph ric nd n1fold? 

39 A secondary or boot venturi la used on 110st car
buretors tor two rea ons. It helps atomize th 
1'uel and it lowers the cut-in sped of the main 
sy tem. Can JOU explain why the boost venturi 
does this? 

If atnaosph r1c presaur wer not allow d into the 
tuel bowl, f'Uel would not tlow out ot the noz 1 
regardl of how low the pr ssure drop 1n the 
v nturi. w~ not? 

Th re r three metho of vent1ng - ext rnal, inter
nal, nd a combination ot the two. External venting 
alone can oaus high 1xtures 1t th air filter on 
the top ot the carburetor beco d1rtJ. can you 
s e why this would happ n? 

How would dirty air tilter aft ct th pressure 
differ nee between the tu 1 bowl and the high 
speed nozzle? 

41 Int rnal venting wh n used alone on almost co -
pl tely compensate tor air cle ner restrictlona. 
One in disadvantage 1 that under hot cond1t1ona 
the tuel will vaporize and since th vent ts under 
the filter the v portzed gees enrich the l.xture. 
This condition c uses a rough running engine at 
low sp ds. 

42 Since both types of venttng hav drawbacks, it isn ' t 
surprising that a combination ot the two 1 ueed 
on oat carbur tors . 

43 Now let's ee how the variou syst a in a carbur tor 
work. Most carbur tors have flo t 1dle1 main 
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metering., power accelerator pump., and choke system. 

Jt..4. When spec1tled tuel levels are reached in the car• 
buretor bowl,. the float pontoon and attached lever·
age arm exert force ap1nst a needle valve ahutttng 
ott flow. '!'he fuel level is the moat important 
setting in the carburetor. Fuel pump pressure and 
float pontoon size aa well aa th• mech.anieal advan-
1,age ot the float lever arm are inter-ielated. can 
you 1dent1.ff thts relat1onah1pf 

The purpose ot the idle system ln any carburetor ta 
to suppl)" 'bhe eor~eet a1r/tu.e1 mtxtn.ire to tbe c3111n• 
de:rs during idle and low speed operation. The idle 
a7stem consists of a calibrated 1d1e tube, atr 
bleeds., 1dle passages, seoo,ndary dUscharge holes,. 
m!Xture screws> and idle· d.1sctuu.•ge holes. Can 7ou 
expla tn what causes the tuel and a tr mu:ture to 
come out ot the idle d:t.schare;e boles WhCll'l the 
throttle valve is clQae4? 

Why do we have the f.'feeondai7 clttobarge boles encl 
when do the7 beg1n to operate? 

What is the purpose o~ tlte idle mixture screws? 

What do we adjust to get more air into the idle 
m!Xture? · 

46 on some applleat1ons the thx-ottle valve ts olosed 
and a4d1t1onal au, ts ted by a by•pa.ss s~stem. An 
ad41l1onal sc!'ew adjusts the amount of a1r allowed. 
to pass. can you thlnk ot e.u'iy advantagee to th1s 
ineth.od? 

41 ':he aeeondarJ 41.scharge ports axie exposed to mani• 
fold vacuum as the throttle valve 1e eltght opened. 
Can you reeognize the purpoae ot these port.a under 
a sl1ghtq opened th»ottle valve? 

.The secondary discharge ports also have a purpose 
when tJ1e throttle ts closed.. can you ident 117 ihia 
pUl'po&e? 

.Jf.8. When there ts su.rr1ctent air flow through the venturt., 
the pressure will be low enough at the top ot the · 
nozzle to·cause fuel to flow. :Do you know WbJ the 
1d.1e system deoretUH!UJ and. rtnallJ' et.op.a .feed1ng as 
the throttle valve open.s w14er and the main •1•tem 
takes over? 

The a1n metering system eons1s1e ot the ma1n meter
ing Jet., the matn feed well, air bleeds., an4 the main 



nozzle. Th1.s su.ppl1e$ fuel over a speed ranse of 
.approxim.ateli' 25 to 75 mtles per houi-. suppQee 
the car were being used 1n Denver., Colorado,. wh1ch 
baa an altitude ot over ;ooo tee\1 above eea level. 
Would the Jet size be smaller or large:r ln s.1ze to 
allow more tuel O:t< le.ss fuel to the a1r at th;l.s 
alt1tude? cue.: Will the etteettve pre,su:r,e be 
more or leas? 

15.5 

49 Afll air flow through the caiburetox- venuur:t. 1no;r;ieasee, 
there iii a tendencr tor the mtxture to get r1eher. 
ca.n NOU sugg.est a method tor the 1acrtuu1ed air bleed 
.c .. omp···. e ..... ··n .. · sa.t.10.··. n ..... · .r.equ1re4 when more fuel is u,ed at lU.g.ner speeds? 

Cue;. One method. itl to pertorate. the lowe:tt end of 
tie h1Sh speed no2zle. As tuel Le uaed taeter it 
will lower tb.e level in the feed · well aml unoov•r 
the perforated holes to outside a1r. 

End .. of the ttrst hour leaso.n. 
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Th second hour 1 sson u tng the directed-di coverJ thod. 

50 Under wid open throttle aond1t1on and high ng1ne 
sped and load1 the 1n ter1ng j t c nnot supply 
d qu te tu l . To overoo thi condition an addi

tional passage 1s opened up 1n the 1n sy te to 
allow greater f'uel flow. Thi is called the power 
syste and includes the following part: th power 
valv, th power piston and prtng1 and the v cuum 
pas ag to th int ke man1told. Th difference 1n 
pressur holds the long ate on the power piston 
tro opening the power valve . What Us th force 
which pushes the power valve op n wh n the v euum 
drops off? 

What ar the pos 1b111t1e of using di phra inst ad 
of a piston to oper tea pow r valve? 

51 Any sudden 1ncreas in throttl openin&1 such a 
might happen 1n moving away from a top sign, wlll 
result 1n n immediate incr as in the ir to the 
engine, but th tuel, having gre tr w 1ght , t nda 
to lag behin . This result in engine h 1tat1on 
and l an tuel ixtures. 

Th ace ler tor pump overco s th1s proble by 
spr ;ying i'Uel into the lower half ot the carburetor 
whenever the ocel r tor is push down. Th 
accelerator pump system includes th plston type 
pu , a pump cylinder, an inl t valv , a discharge 
valv, and a pump Jet . can you explain how th 
pump oper t ? 

Begin with the pi ton ving up on the inlet stroke. 

52 W hav alrea~ indicated that fuel mu t be atom1z d 
and v porLz d to ignite and burn err o~ively in an 
engine. c n you explain why tu 1 will not vaporize 
1n cold ngine? 

The chok outs off most ot the ir upply and cau ea 
the tu l/air mixture to be very rich. However, by 
the ti the tu 1/ 1r mixture arrives in the com-
bustion cha ber, 1t 1 oh l ner. Wh t do you 
uppo e o u d this leaning out nd where did the 

.tuel go? 

Almo tall automatic cho s us bi tal spring 
wh1oh coils up wh n w rm and uneo1la when cold. 
This pring puahe on the choke l1nkag holding the 
choke clo d wh n cold and gradually r lea es this 
tension when it w r up. 
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As the eng1ae is warming up. a vacuum pi.a'bon oom• 
bines wt th an ottset choke valve to force the choke 
partiall.J open wh1ch work• against the birietal spring 
t171ng ta keep Ut closed. Air heated bJ the elthaust 
manifold 1.& c:wawn up around the bl.metal spr.tng and 
past the ptston and t1nall.J 1nto ·iibe tntake mani
fold. 

The automatic ehoke ha1 alnloat completely replaced 
the manual choke on modern automobiles. can ;vou 
auggeat r.eaeons t'or this otbe:, tiban oonven1encet 

The automatiie thoke re4u1res an unloa4e;r .linkage 
aceea1017 so that; the 4r,1ver can stop the choke from 
overehoid.ng and. floo41ng the e:ngine at times. Mow 
would you e:q>etitt th1& unloader to operate'l 

The taat 14le oam is another neceeaary feature 'bo 
increase the engine 1d.le speed when the ohoke 1a 
bet.ng use4J otberw1se, tbe·e:ng1ne m1ght stall wlih 
the :rich mtxtuite at low speed. 

D1sasa.eely arul Ins:,eetion of the Roch.este~ :BC oarl.nt11etor 

At th1s ttme each etudenu 1n.oul4 cov• over to 
the benchea. You w1ll .find. a. Rochester 130 cazi ... 
'.buretor., a .s<u:.•ewar1ver;; a parts pan;; and a clean 
ehop towel. Pleaee .listen to the tape reeoflitng 
a:n« follow on~, th.e 1natruot1ona gtven. Do not 
work ahead. .·· ·r1ng oerta1n parts of thta leuu,on,, 
pictures wtll be proJected on the so:rieen. They 
m7 aerve as eluea to the answers to oeli"tala problem 
s 1 tu.at 1o:nta,. 

e~Q~e. ,:P1aassemb!l; 

l. Loosen the brass f!tt1ng on the choke 
v,u:u• tube. How does the tntake manttold vaeuum 
:teaoh the top end of thttJ ,ube? · 

What 11 tbepurpoae ot this vacuum, 

a. Remove the .automattc choke oover anti gasket. 
Place a pencil mark on the plaet:Le choke cover in 
line wtth the tang cf the 0011. Invert the coil and 
hold a. 11.ghted_ mateh about 2 1nohe1 al[q. Waat 
causes the eotl to tt.gh.ten when beated.t 

J. Notioe the choke l>atne pl.ate ina1.4e the 
choke hous !ng. What 1s 1 te purpose?' 

1teD10ve 1t. 



4. How does the choke p.iston operate? 

can you see how the choke p1ston can control 
the amount of' heated air through the choke coil? 
£!!.!t Replace the baffle plate and move the choke 
open and closed. 

5. Notice the gasket which seals the choke 
housing to the carburetor. What would the conse
quences be if' 1t leaks? 

A~r Horn D1sassemblz 

6. Remove the air horn f'rom the bowl. 
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7. Remove the float hinge pin, the float 
assembly., and the float needle. How would the fuel 
level be a:ffeated if' the float pontoons were crushed 
to give a smaller volume? 

8. Notice the tang on the float and the float 
needle have curved surfaces. What would be the 
effect on ruel level 1:f the surfaces were flat? 

9. Can you trace out the internal and external 
venting on th1a carburetor? 

10. Remove the float seat and gasket with l/2 
inches bit screwdriver. 

11. Not1oe the main metering Jet in the main 
well support. Under what conditions would the Jet 
size be smaller than normal? Cue: How does eleva
tion atf'ect the amount ot atmospiierie pressure? 

12. Remove main well support and gasket. 

13. The power piston and spring can now be 
removed. If you stretched the spring what effect 
would it have on the power system? Note: Do 
not try to remove or bend the idle tube. 

Bowl .Disassemblz 

14. Remove the pump discharge guide. Be care
ful not to lose the spring and l:>all when you remove 
them after pulling out the guide. 

15. Remove the pump link. 

16. Remove the pump and return spring f'rom the 
pump well. Note: Do not remove the choke suction 
tube from the throttle body. 



17. Remove the throttle body and gasket. 

Throttle Body 

18. count the number of turns required to 
tighten the idle adjusting screw. Remove the 
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screw and notice the small hole below the throttle 
valve. can you determine the purpose of the several 
small holes Just above the throttle plate? cue: 
Notice where they lead. ---

BC-2 19. .At this time let •s trace the fuel and air 
flow through entire idle system beginning at the idle 
tube in the air horn. Why does the fuel and air mix• 
ture cross the nozzle bar to the opposite side ot 
the carburetor bore and not drop down through the 
high speed nozzle opening? CUE!_: Under idling oon
d1t1ons with the throttle closed how much vacuum 
is there at the high speed nozzle opening? 

Notice the two fine holes on the top of the 
nozzle bar as you look through the air born. What 
is the purpose of these holes? 

BC-3 20. Now let's trace the tuel and air through 
the main or htgh speed system. Replace the main 
well support temporarily in its proper position on 
the air horn. How much or this support would be 
in the tuel under normal float setting? 

The transfer from idle to_ high speed ts con
trolled by the dr 1ver. Can you explain wha ~ takes 
place to cause thls transfer? 

Notice the air bleeds in the top of the nozzle 
bar. If you enlarged these holes what would the 
effect be on engine operation? 

BC-4 21. Inspect the power valve on the lower end 
of the main well support. By placing your pencil 
tip through the small hole you can push the ball 
down. can you trace the fuel through the power 
valve? 

Now let's look at the power piston and spring. 
Why are the grooves out on the outside of the power 
piston? Cue: There are at least two places where 
atmospheric pressure can push on the power piston. 
can you locate these places? .Q!!.: Another reason 
tor the grooves has to do with reducing ot binding 
and trtct1on on walls where the power ptston rides. 
can you determine how grooves will help these two 
problems? 
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Suppose the power piston spring were shortened. 
How do you think this oond1t1on would a.ffeot the 
power valve operation? 

You may now assemble the power piston. spring, 
and main well support to the air horn. 

22. Replace the needle, gasket and seat., float., 
and hinge pin to the a1r horn. 

23. Replace the choke baffle plate. Replace 
the thermostat coil assembly and gasket. How can 
you be sure the thermostatic spring is hooked to 
the tang and the choke valve shaft? cue: Under 
room temperature 1s the choke plate hil'a closed or 
open? 

How can binding of the choke assembly be 
checked? 

Set the choke tension at normal and lock the 
three screws which hold the thermostat cover. 

BC-5 24. Float adjustment should be made at this 
time. With the air horn inverted., place the float 
gauge into position and bend the float tang so that 
the top o:r the :float just touches the gauge.. Check 
to see that the sides of the float do not touch the 

:ac ... 6 gauge legs. Next turn the air horn in the upright 
position and check the amount of float drop. 

25. With 1 ·the bowl inverted., place the throttle 
body gasket into position and attach the throttle 
body. ~: Be sure the gasket holes are lined cor· 
rect.ly. Can you think of any method by wh1cb. you 
oan test the alignment of this gasket? 

BC-1 26. Before assembling the accelerator pump 
system let•s trace the fuel .flow. 

In the basic lesson., remember the pump had an 
inlet valve and a discharge valve. Can you f1nd 
·the inlet valve in this carburetor? Cue; Notice 
the fuel in the 'bowl would be higher than the pump 
well. Does th.is suggest why an inlet ball check is 
not ~equired.? 

Can you point out where the pump cUsahargee 
the fuel into the venturi? Most carburetors 
ha:v-e some method of prolonging the fuel discharge 
over a longer pet1od c,f time than the pump movement .. 
Can ~rou determine how the prolonged discharge is 
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handled on this carburetor? Cue: Notice the slot 
in the upper end of' the pump 's'iiatt,. Reassemble the 
pump system and raise your hand when you have com
pletely assembled and replaced the pump circuit. 

27. Install the air horn to the throttle body 
and connect the choke rod and choke suction tube. 

BC-8 28. With the choke closed, would you expect to 
see the idle speed adjusting screw on the high step 
or on the low step of' the fast idle cam? 

On what step of the f'ast idle cam ls the idle 
speed adjusting scr.~w.on your carburetor? 

Is the throttle valve slightly open? 

Now push the choke valve open with your finger. 
Did the throttle valve close? 

With the choke plate still half open, observe 
what step the idle speed adjusting screw is setting. 
How can the fast idle setting be adjusted? 

BC-9 29. Notice when the throttle is opened wtde 
a tang on the throttle leve:r contacts the fast idle 
cam and pushes the choke part tally open. This is 
called the unloader. Can you determine the purpose 
of the unloader and under what conditions it would 
be used? 

This completes the lesson on the BC carburetor. End ot 
second hour. 
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Initial Learning 

Test.#1 

Fundamentals 2!. Carburet ton 
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Directions: One ot the answers listed below each question 
or tncomp!ete'statement ts correct. Select the answer you 
believe to be correct and circle its ident1f'ying letter on 
the answer sheet. 

1. The low speed circuit 1n the downdraft carburetor 
delivers fuel: 
a. below the throttle valve. 
b. at bottom of venturi. 
e. at top of venturi. 
d. at center of venturi. 

2. The high speed circuit in the downdraft carburetor 
delivers fuel: 
a. below the throttle valve. 
b. above the venturi system. 
a. to the venturi system. 
d. to the accelerating pump eircuit. 

3. The purpose of the accelerator pump ls to: 
a. retain the proper level in the carburetor fuel bowl. 
b. keep the high speed circuit amply supplied. 
c. counteract too much fuel pump pressure. 
d. furnish additional fuel for quick pick-up. 

4. The purpose ot an air vent in a carburetor ts to: 
a. prevent low pressure area. 
b. eliminate fuel locks. 
c. limit the flow of fuel. 
d. increase vacuum capacity. 

5. The purpose ot a choke circuit in the carburetor is to: 
a. restrict the amount of fuel flowing in all circuits. 
b. increase the air velocity in the venturi. 
c. aid in the warming-up period of an engine. 
d. enrich the fuel mixture When starting an engine. 

6. The purpose ot the air bleeds in a carburetor is to: 
a. aid in the atomizing of fuel. 
b. create high pressure areas. 
a. prevent low pressure areas. 
d. create atmospheric pressure. 



7. The basic .function of a carburetor is to: 
a. atomize the fuel by varying the air speeds. 
b. meter the air and fuel in varying percentages. 
c. vaporize the fuel by means of heat. 
d. force air and fuel into engine cylinders. 

8. The three methods used to vaporize fuel are: 
a. spray., vacuum., combustion. 
b. vacuum., combustion., compression. 
c. spray., vacuum., heat. 
d. heat., compression., combustion. 

9. The fuel mixture in carburetors is enriched at high 
speeds by the, 
a. accelerator pump. 
b. power jet or metering rod. 
c. change in float levels. 
d. air velocity in the venturi. 
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10. The accelerating pump in a carburetor is controlled by 
the: 
a. amount of vacuum in the venturi. 
b. automatic spring tension on the metering rod. 
c. low pressure area in carburetor throat. 
d. throttle linkage or vacuum loss in mani!'old. 

11. Air vents as applied to carburetors must be: 
a. large enough to eliminate a low pressure area. 
b. drilled to a definite size. 
c. small enough to create vacuum. 
d. large enough to allow fuel flow. 

12. A venturi is used in a carburetor to: 
a. offer less restriction to tha air. 
b. offer more restl'iction and more velocity. 
c. offer more rest:t'ictton and less velocity. 
d. balance p1"essure and velocity. · 

13. The potnt of the lowest pressure tn the venturi is at 
the: 
a. smallest point. 
b. largest part. 
c. top end. 
d. lower end. 

14. The starting mixture of the engine is semi-automatically 
controlled by the: 
a. idle adjustment screw .. 
b. choke. plate. 
Cs poppet Valve. 
d. idle discharge port. 



The purpose ot the secondary or boo,t ventur11s to1 
a. change the RPM by 1n,orea.atng the air pres,sure. 
b. inoreaee pressure and decrease veloc1t1. 
c. lower the cut ... 1n epeed ot the high speed eireutt. 
d. raise the cut-in speed or t.he high speed 01rcu1t. 

16. A "loaded0 float condition in the oarburetor will cause: 
a. a lean tuel mtxture. 
b. a rich oxi f.looding cond:tt1cm. 
e. needle valve to remain closed.,. 
d. tncreased fuel pump pressure. 

li. Volatility of a fuel. 12: 
a. abilitJ of tt.iel to vaporise •. 

. t,. octane rat1ng ot fuel. 
c. volume or tuel used. 
d. pressure of tuel. 

18. A lean tuel mtxture will cauee the engine to; 
a. run normal. 
'b. run at high RPM. 
c. overnea t. 
d. operate too cold. 

19. When air preseure is reduced in a e;rlinder 'by the action 
o.f the piston the area 1n the cyltndei, 1s known as i 
a,. high pres·sul"e area or vacuum •. 
b. low pressure area or oiosgpresston. 
e. low pressure ,area or vacuum. 
<i. equalized pre.a.sure or balance• 

iO. A hot spot in the intake D'lanifold ta to: 
a. regulate the temperature of tlte manifold.. 
'b. aid 1.n the. va;por:l.'1:at:lon ot ruels by heat. 
e. el1Jn1nate heat expansion. 
4. preheat the a1r entering the tar.buretor • 

. 21. crank ease d1lut1on is eau.sed 'by t 
a. a lean mature. 
b. low compreaaion •. 
c. vapor 12:ed tuel. 
d. unvai,or teed fuel. 

22. The float eiroutt ma!nta:1.ns the correct level tn tbe 
tuel 'bowl and suppl.tel tu.el to; 
a. the btgh .speed ctreu.1b onl.7. 
b. the .low speed c1routt only. 
c. all the c:t.rcu1ta. 
d. accelerating pump o:t.rcu1t onlJ .. 
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23. The purpose of a choke o1:rou1t 1n. the carburetor 1a to.a 
a. restrict the amount of tuel flowing 1.n all ctrctd.ts. 
b. increase the a1r velocity 1n tbt ventur1. 
c. a1<1 1n the warming-up period. ot an engtne. 
d. enr1.oh the tuel mixture when starttng an engine. 

24. The fuel mixture 1n ca:rbtnietora ts en:rtehed at h1sh 
speeds by the: 
a. accelerator pump. 
b. change 1n float levels. 
c. power Jet or metertng rod. 
d. air velootty 1n the venturl. 

25. Vapor locks 1n tiutl 1$ caused by, 
a. atomt.zatton of tuel. 
b"' tuel pressure too high. 
c. exoesa1ve heat in fuel l.1nea. 
d. failure of tuel puJQp. 

26. Vaporization ot fuel: 
a. causes a drop 1n surrounding area teinpera tuJ:te. 
b. has no 1:ntluence upon temperatures. 
c. genel."ates heat tor the surroundt.ng area. 

Gaeoli.ne has a· spec1t1e a;ra.vtty of approx1matei, i 
a. 13.6. 
b. 0.1. 
c. 1.3. 
d. 0.2. 

as. Atmosphert.e preaeure. at sea level ot 14.7 1.s.1. w111 
support a eol'"mn of mel:'cu:ru approximately: 
a. 21 inches htah. 
b .. 1. inches high. 
o. 29.92 1n.ches high., 
d.. 34.14 lncbes high. 

29. As the velocity of atr tnereaees through a carbux,et;or 
venturi the preseur,u 
a. 1:nc.rea$es. 
b. rema t.ns the same. 
'l• reduees. 

30. Breaking up ot tuel 1n,e small pax-t1cle$ Qf liquid 1s 
called: 
a. vaporization. 
'b~ atosn1tat1on. 
e. evaporlzatton. 
d. boiling. 



31. Heated air: 
a . expands and becomes heavier . 
b . expands and becomes lighter. 
c . contracts and becomes heavier . 
d . does not change . 

32. Volumetric eff1cienoy of an engine ts increased by: 
a . moisture . 
b . inertia. 
e . heat . 
d . speed. 

33. The automatic choke uses manifold vacuum: 
a . to cl ose the choke val ve . 
b . toopen the choke valve . 
o. has no control of the choke valve . 

34. The thermostatic spring on the automatic choke tends 
to: 
a . open the choke valve when engine ts cold. 
b . cl ose the choke valve when engine is col d . 
c . open the choke valve when engine ts hot . 

35. The purpose of the unloader on the carburetor ts to: 
a . open the choke when the engine floods . 
b . enrich the air/fuel mixture . 
o. increase the idle speed when the engine is cold. 
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36. When the carburetor is used at high altitudes the air/ 
fuel ratio tends to: 

37. 

38. 

a. decrease . 
b . stay the same . 
c . increase. 

Engine torque dropa off at high speed because the: 
a . fuel/air ratio gets richer . 
b . fuel/air ratio gets leaner . 
-c . engine breathes better . 
d. volumetric effic1enoy is lower . 

Lean fuel/air mixtures burn more slowly than rich 
t'uel/atr ratios because: 
a . of the lack of oxygen. 
b. the molecul es of fuel are farther apart 1n lean 

mixtures . 
o. the fuel does not vaportze as easily in lean 

mixtures. 
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39. The fuel/air mixture must be completelr burned by the 
time the crankshaft moves from 10 to 18 degrees past 
top dead center because the: 
a . increase in volume in the cylinder multiplies the 

increasing pressure. 
b . push on the piston must be a swift hammer like 

blow. 
c . exhaust valve opens and you lose the pressure . 

40. Intake manifold size must be a compromise between: 
a . a large bore allows for high velocity of mixture 

flow and a small bore allows for low velocity 
flow . 

b . a large bore size to allow high speed breathing 
and a small bore size necessary for smooth idle . 

c . a large bore to get ram effect to the mixture 
flow and a small bore to reduce this effort . 

41. A mercury manometer will register 30 inches high when 
the: 
a . atmospheric pressure is 14.7 P. S. I . 
b . gauge pressure reads O P. S. I . 
c . absolute pressure reads O P. S. I . 

42. Internal venting when used alone will almost completely 
compensate for air cleaner restriction. One main dis
advantage to internal venting is: 
a . the possibility of causing a rough idling engine 

at low speed. 
b . the possibility of reducing the top output speed 

of the engine. 
o. the possibility of causing rich mixtures when the 

air cleaner is dirty . 

43. In addition to allowing air to mix with the fuel the 
purpose of the 1dle air bleeds at the top end of the 
idle circuit is to: 
a. control the maximum amount of fuel passing through 

the idle system. 
b. enrich the idle mixture . 
c . prevent siphoning of fuel from the bowl when the 

engine 1s stopped. 

44. If the float level is high the following systems will 
be affected by: 
a. rich high speed and low speed. 
b . lean high speed, accelerator pump and idle speed. 
c. lean idle and high speed. 

45. If the power piston spring were stretched longer the 
power valve would open: 
a . at a higher engine load. 
b. at a lower engine load. 
o. at the same load as before . 



46 .. The centrttugal weights advance mechanism varies the 
spark according to: 
a ... engine load. 
b .. spark knock. 
c,, engine speed. 

47... :Ignition advance should be varied with engtne loach 
a.. 1nverse4". 
b~ directly. 
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48. To time an engine aoouratel:,, the distributor should be 
set so that the tgn1t1on spa,rk occure wh&n the piston 
ta near the: 
a,. top of the exhaust stroke. 
b. bottom ot the intake stroke. 
c. top or the compresston stroke. 
d~ bottom of the power stroke. 

49. The spaxilc is automat.1cally advanced as the speed of the 
en;1ne increases b7 the: 
a ... centr1tuga:l.advance governor. 
b. manual spark ·control. 
e. breaker point spring tent:t.on. 
d.., vacuum. 

5(). The pu11pose of the ignition contact points tn the dis-. 
tr1butor ts to: 
a. complete and tnter:rupt the pr1mary otreutt. 
b. complete the secondary c!.rcutt. 
o .. take the place of the 1gn1tton ew1tch. 
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TRANSFER OF LEARNING - TEST - 2 

Directions~ One of the answers listed below each question or 
incomplate statement i.s the most correct answer, Se2.ect 
answer you believe to be most correct and circle its ider,ti·
fying letter on the answer sheet. Be sure to use tt.e corre 
figure or diagram indicated in the questions. 

i.,. An engines maximum power and speed have a liwit because~. 
A. of lack of time to fill the cylinder. 
B, the air/fuel rati.o gets too rich,, 
C. the air/fuel ratio gets too lean, · 
D. ignition of the air/fuel ratio mixture is slower. 

2, A necessary change l.n automotive carburetors whlch are; 
used at high altitudes continuously is to~ 
A, reduce the size of the ma in speed jet in the carburetor, 
B, increase the size of the maln speed jet 
C. increase the idle mixture amount, 
D. lower the float setting. 

Fig. l - Supercharger ~-~==~· 
supercharger in fig. 1 used on an engine 

1-;hA "'•f]>'lr,U·n+: ,-.·f" · 9 ;,r,/f',s,;:,,· rrdxtnr,c, 1··n ;..t~p J 
';,...·A.t'-"' µ·.1tv _ ........... "-" V_i. aao1.,.,c£. . .- ---~l'::;;. .. 4- .!'--'"..r..., :·'\A··-- :·· Gfi;;::,, -

of the _following pr lple, 
A. as velocity of gases increase 
B. the increased press·Jre caused 

snix:tu,.:res faster a 

i 
t 

c ~ pres-sure d.if:r·er-ence is r 
pher and in~ ide l i:nde:r ., 

D. none of' the above a:rn~rii'-1e:rs are corre 

4. Ii' th~ supercharger f.ig. l ~1i'ere 
carburetor Lnste~d of it is 5 

iOT1 

wi 

a 

t 

Ml 



5 .. 

A.. leaner m'hc.tures., 
B. no change in m:Lictures .. 
Co richer mixtures o 

D ... none of' the above answerso 

Irrigation 
Ditch. 

Inlet, 
En:ci 

Siphon T",ibe 

Fig .. 2 = A siphon i:n operation 

How 
A,, 

do 
It 

we get:. the water in Fig .. 2 :s-tarted to run 
will. start by itself' .. 
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in the hose? 

B. 
c. 

It 
It 

creates a vacuum at the outlet end of t,he i::dphono 
creates a vac:uum at the inlet end of: the siphon., 

D .. It creates a p1•essure on the outlet end of' siphon .. 

6.. The water wil.1. cont11"lue to I"tn·1 tJ1rough the siphon 
once it has started. because:: 
A.. of' gravity .. 
B .. friction inside the tube becomes lesso 
c... water movir~ out of the tube continually cr,eates a 

vacuum. 
D.. of' the weight of the lf.mtsr cou.ipared to the weight of 

- air .. 

1. On a high pe:rfo:rniance f'our,=s.troke inte;crnal combusti.on 
engine 3• the inta.ke and exhaust :strokes w:t:ll :require almost 
600 deg:rees of cranks.haft :r-ot:ation out o.:f the 720 degrees 
because: 
A., as aLr velocity increases, .fri.ctji.on is red1Lweti. 
B., frl.etio:n. calJSEns ai.r/fuel and e:ichaust gas.es. 

to s.low down . ., 
of' s.t baie;;k pressures ... 
the intake gases lack ia. 

Fig. 3 A radiator 
pressure cap 
in ope:z:ation., 

8., Water (boils) changes from a liquid to a gas at 21;~ degrees 
fahrenheit {at sea level),, With a presB'i.l!'Ei ,:::;ap as sborm 
in Fig., 39 the boiling poiJr;J.t ean be raised., This p:f'i.nc:3.= 
ple could be applied in the fuel systemi to preventi 
A • .fuel surging .. 
B., vapor lock. 
C" atomizat.:ton of' .fuel., 
D. o:x:tdatlon .of' fuel., 



9o If boiling points can be increased by pressurizing as 
shown in Figo 33 then boiling points can be reduced by 
lower.ing pressureso This principle is used to an 
advantage in the: 
Ao venturi of the carburetor. 
Bo :float bowlo 
c. accelerator pump well. 
Do :fuel pump outlet sideo 

10. The prineiple stated in (question 10) that boiling points 
can be lowered by lowering pressure.!) _w_ill ·~is9_pperate to 
a disadvantage in the fuel system and is the" reason f'org 
Ao percolation. 
Bo vapor locks., 
c. pressurized areas. 
D. rich mixtures. 

11. If' an automatic choke over=chokes the engine whether it 
is cold or warm and there is no evidence of a binding 
choke shaft or that the choke~etting is too rlch9 a 
possible cause isg 
Ao the heat tube is blockedo 
B. the unloader linkage is too long. 
Co the choke piston is gummed up or filled with earbon0 

Do none of the above answers are correct ..,,, ---..... ~ 

Air~ Wing movement 

~-::::--~--=--=::::i~:::::;:~:--=--~~~~~---~~-=,,..--=-:-~ - ....... _.,... - ~-
Fig. 4 = Cros:3 section view of an airplane wingo 

120 Why an airplane flies. If' the airplane wing in Fig. 4 is 
moving through the air very .fast.? a comparison of' the 
relative pressures on the top a~d on the bottom of the 
wing would be i 
A. low pressure on top and high. pressure on the bottom. 
B .. high pressu!'e on top and low pressure on the bottomo 
Co no press~re difference between top and bottom. 

130 'i-In Figo 4 0 what ef'fect would roughness on the wing sur
face have on the air flow around the wing? 
Ao There would be an increase in the speed of air over 

the wing surfaceso 
B. There would be no effect. 
c. The lifting ability would be reduced due to turbulence. 
I> .. There would be an increase in pressure dif'f'erenee 

between the two sides .. 

14. If' the initial. ignit.ion timing is advaneed:1 th.e distributor 
body is always turn.ed: 
A. with rotation of the breaker eam. 
Bo opposite rotat,ion of' the breaker cam. 
c.. el.ockwis.e .. 
» .. -counter=eloakw'iseo 



Hole 

piston 
· Vent ho1e 

.15e, In Fig.,, 5 the l.iquid moves u.p the tube (A) and out the· top 
because: 
A.. the pump piston ,compresses the air .in the can which, 

:r:orce·s the 1.iquid up, the tube .. 
Bo, a vacuum ls cr,eat:e.d at the upper end of liquid 

tube and a tmospher:te pre.ss-ure :forces the liqu.ld up .. 
c... the high velocity air coming out of the air hole 

creates a pressure in the liquid tube.,, 
D.. the, pump piston creates a. vacuum. within the can .. , 

16.,, I.f'. the air hole (B): in the pump part oi' Fig.. 5 were made 
large.r~ the e:f:Fect cm. the sprayer woul.d be to::: 
As, make a finer m:ist. o·f' t'ln:e liquid partic1eso, 
B .. , increase the vacuum in the liquid tube which would 

cause more l.iquid to flow., 
c. .reduce t.he pressure d:i.ff'ertc>nee, which 'M.muld all.ow 

less liquid to flow.., 
D. have; no e.ffe.ct .. 

Note: The .function or act,ion of parts in the hand sprayer :t.n 
Fig.., 5 can be :related to certain similar functions. o·r 
action. of' parts tn the carburetor. In questions :u5.w 17$ 
and 18 select the one best relationship i:o. each question. 

Hand sprayer Carbureto:r 

17 ., A. Liquid tube (A) =-------=----- High speed nozzle 
B .. Air hol.e (B) --------=---=--=- Main jet 
c. Vent hoJ.e in the can=-------= Ma.in Jet 

1.8. A. Hand pump stroke --------·----··- Accelerator pump stroke 
B. Vacuum at air ho1e (B) --=-=== Tu.take ms:nti.f'o:Ld "~ac1111m 
c. Ve1ocity at air hole :(Bj ----- Velocity at sroa.11 part 

or venturi. 
19. A.. Air ho1e size (B} =-=-=~--~---= Main jet size 

B. Spray f'rom air ho.le {B) ------ Fv,e:l/air enter-
:1 ngl engl!l:e'. 

c. Vent hole 1n sp:ray can-----== Id.le air bl.eeda 



Fig. 6 - Two speed boats running at the same speed 
very close together. 

20. How will the speed boats in Fig. 6 affect each other? 

21. 

A. They will have no significant er:fect on each other. 
B. They would have a tendency to collide because of 

lessened pressure between them. 
c. They would have a tendency to move away from each 

other because of increased pressure between them. 
D. They would tend to hold their course with greater 

steering ease. 
Control. valve 

~ Vacuum l.ine to intake mantfol.d 

'-Pis.ton or diaphra 

Master 
~ cylinder 

Fig. 7 - Schematic view of a power brake. The control 
valve can apply either vacuum or atmospheric 
pressure to (y) stde. 

The power brake unit 1n Fig. 7 has 12 inches of vacuum 
on {y) side and atmospheric pressure on side (X). What 
is the approximate pr~ssure dii":ferential. between the 
-two sides at sea l.eve.1? 
A. 5. 7 pounds per squa.re 
B. 7 .. 0 pounds per square 
C1.. 8.7 pounds per square 
D. 6 .. 3 pounds per square 

in.ch. 
inch. 
inch. 
inch. 
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22. In the power brake unit in Fig. 7, if the area of the 
diaphram is 20 square inches, how much would it assist 
in pushing the brake down? {Use the same pressure 
differential as in problem 21). 
A. 174 pounds of force. 
B. 138 pounds of force. 
C. 72 pounds of force. 
D. 114 pounds of force. 

23. The following groups of carburetor troubles which are 
most likely to cause carburetor flooding are when the: 
A. choke is set too rich and the power piston is too weak. 
B. float is set too high and f'uel pump pressure is too high. 
c. choke piston is gummed up and the float setting too low. 
D. needle and seat are damaged and accelerator pump outlet 

valve is blocked open • 

Spring 
pressure 

.,...__Main line oil pressure - 120 P.S.I. 

~To clutch 

--~ 
Governor oil pressure 
varies with car 
speed O P.S.I. to 
40 P.S.I. 

Fig. 8 - This is a spool valve in an automatic trans
mission. When the governor oil pressure gets 
high enough in pounds per square inch, it will 
overcome the spring pressure pushing the spool 
valve to the right. The spool valve will move, 
compressing the spring and opening the main 
line oil pressure to the clutch. 

24. Lf the end of the spool valve open to governor pressure 
is one-ha lf square inches in area, how high will the 
governor pressure be required to go if the spring pushes 
with 10 pounds of force against the other end? 
A. 5 pounds per square inch. 
B. 20 pounds per square inch. 
c. 10 pounds per square inch. 
D. 15 pounds per square inch. 



Wiper blade 
movement 

Switching blade valve 

Movable 
partition leak= 
proof :from 
either sideo 

Figo 9 = Vacuum operated windshield wiper motoro 

In this windshield wiper shown in Figo 9» the intake 
manifold vacuum is on the~ 
Ao (A) side 
Bo (B) side 
Co neither side 
Do both sides 

the wiper in Flgo 9 were on an automobile being 
sea level.!) sid.e (B) would have approximately:: 
13 pounds per square inch of air pressureo 
14o7 pounds per square inch of air pressureo 
9 pounds per square inch of air pressureo 
18 pounds per square in.eh of air pressureo 

operated 

270 If the carburetor float were dented in on the side or end» 
the ef:fe~t would be toz 
Ao enri~h the high speed air/fuel ratioo 
Bo lean out the high speed air/fuel ratioo 
Co to have no effect on the air/fuel ratioo 
Do cause the float to float higher in the liquido 

280 If the power- piston spring on the carburetor was accidentLy 
stretched lorAge~J) the power valve would:: 
Ao open with.less accelerator pedal depressiono 
Bo open with more accelerator pedal depressiono 
Co have no effecto 
Do never open at any spee~o 

290 The .fuel/air ratio mixture must be completely burned by 
the time the crankshaft moves 10 to 18 degrees past top 
dead center because theg 
Ao push on the piston must be a swift hammerlike blowo 
Bo ex..lw.ust valve opens and the cylinder pressure is losto 
Co increase in volume in the cylinder 0 nullifies the 

increasing pressureo 
Do gasoline engine is a constant pressure engineo 
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Figo 10 = Gear type hydraulic 
pumpo 

The gear pump in Figo 10,has a larger inlet opening (A) 
than th.e outlet opening (B) because the:: 
Ao pressure differential available at point (A) is 

greater than at (B)o 
Bo gallons per minute needs are more at (A) than at (B)o 
Co nressure difference available at point {A) is le~s 

than at point (B) o . - . 

Do friction at (B) is less than at (A)o 

The p:re~su:re could be increased in the outlet lines on. 
the gear pump in Figo 10 byi 
Ao speeding up the pumpo 
B. restricting the outlet lineo 
Co pressurizing the tank above atmospherico 
Do increasing th.e size:of' the outlet lineo 

+ 

Bimetal 

current 

Fig .. 11 = Circuit 
breaker. 

e'" High current f'l.ow. 

·-= ~~ 
32.. 'fhe side of' th.e circuit breaker in Fig .. 11 wh.ieh has 

the high expan:sion met;al. ls,: 
A.. neither sid.e .. 
B. the bottom side .. 
C. the top sid.e .. 
D .. both sides. .. 
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Atmos.p ertc press re 

Intake manifold 

Figo 12 - The U-tube manometer is connected 
to the intake manifold of an 
int rnal coJP.bustion engine which 
is not runningo 

33. the engine were id1iP..g, the mercury in the U-tube 
be approximate.cy- like: 

A B 

340 I:f the engine were running with open throttle under full 
load9 the U=tube manometer would be approximat,ely like: 

A B 

35. ~ the engine is in good condition and it is operating 
with a fully open throttle 0 what will the U=tube 
manometer look like just af' er the operator suddenly 
closes the throttle? 
A B C 

.. • 



36. . H ignition t htd.ng is advanced too far f'or the type of' 
.f'"rllel. {octane rating) used in an e~ine.,, uncontro'1U1ed 
burning takes pl.ace in the co:m.bustion chamber.. The two 
ll!Dst characteristic ef::rects of" this uneontro1l.ed 
burning are: 
A. high temnperature:El aed an increase in push on the 

e:ranksha:f't tiu:011r .. 
B.. high pressures and te~era:tore:s and a de,erea.se in 

tor,que on the cra:nk:shaf't, th.row.,, 
c. hlgb. temperatures and p:resS11J1:re:s a.nd high power output., 
D ... none of:' the ef"::reets above ... 

37. IT f'r<.!l!e1 burn,3 in the combustion chailiber too slow],y/$ it 
wil]. ea::g,se::: 
Jl,. detonation and bearing ::rail:ures ... 
B. high heat an.d pressure,. 
C'... the pres~u.re on the piston to be 1ost because ·the 

vol,uge above the piston increases as the piston 
moves do'lllm!.., 

D,., decreased eng:ll.ne te~ratu.re and a l.oss i.n polllrer.., 

38., H the diair.,eter o:r the piston ls 4 inches and the 
mmaxi.DJ1m pressure in the cy1lll.lder is 6oo poun(~ p'9lr s~l.ia:ir,e 
inieh..;.!) ~bat is the tota1 .::ror§.1.e on ~OR of' tbe piston? 
(Area o:f a ci?:"cl.e = ., 1854 ~ or tR' R~) 
A... 3,416o DO"Jnds 
B.., 8220 pouoos: 
C... 1540 pol.iln.dS,. 
D., 5152 pounds .. 

39... An idl.iD.g engL"le re,q~i:re5l a ric:b mllllxture of' fuel. and 
air becar~se: 
A,., the rich mtixt"lll!res burn :taster and give a quicker 

pu~h on the piston to keep ·tne engine JEUmm.:l:ng at 
slow speed .. 

B.,. the mixture is .miolll·ing so sl.ol!ll'ly in the llE!aD:.if'o1d at 
id1e that the heavier :ftaiel. miol.ecul.es drop out of' the 
mixture be:fore it rea.©be;s th.e comibust ion cha:!l!ilber., 

c.. tii'~ idl.e ~stem cannot be iulJusted :leaner at l.(1fli4J' 
speed.w ho1Wev,er :» ri.e.h ai.x:tl'JJres ar'e not requirer~ . .., 

D., the aJbove answers are a:ll, in,~orreet<» 

iW,., If th.e idle air bl.ee~. 1m.s bl.o(eked '~ri.th dirtw the re:su1t 
wooulii tend to: 
A .. e:rn."ieh the idle mixture and (\;ause siphoning o::r fue1 

::rron the bowl. when the engine is stopped .. 
B<» :lean out the idJ.e Dix.ture and cause a rough ~.ing 

engine at iid1e speed .. 
c.. raise the idl.e to hig}!l spe,ed a:od increase econoDQr .. 
D.,, indicate toot the above an~:wer.:s are al.:l incorrect .. 
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Matching questions: .Each o:f the following questions are 
problems whieh are located in one of the particular carburetor 
circuits .f"rom the 1ist be1owo You are to select the one cir
cuit in which you would. l.ook for the prob1emo Identify each 
circuit by the l.etter in f'ront o:f ito 

Problems 

41.o A bad .m:rl.at spot~ as the Ao 
a:utom.obiJl,e moves from. 
idl.e to high speedo Bo 

420 Ho power at top speedo Co 

430 Engine wi11 not run unless Do 
the accelerator is depressed. 
part way down.. Eo 

440 Fuel. mixture is too rich F. 
at all. speed-So 

carburetor Circuits 

Idl.e eircu1t 

High speed circuit 

Choke circuit 

Acc.e1erator circuit 

FJLoa t circuit 

High speed or power 
circuito 
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App$nd1x E 

Test tor d1sproport1onal1ty 



A COMPARISON BETWEEN THE ORIGINAL ANALYSIS OF VARIANCE OF INITIAL 
LEARNING TEST SCORES AND THE ADJUSTED SCORES FOLLOWING 

A TEST FOR DISPROPORTIONALITY 

Source of Unadjusted Adjusted Unadjusted Adjusted Degree F• 
Variation Sum Squares Sum · Squares variance Variance Freedom Value 

Between (X) 1911 1745 955.50 872.50 2 26.90* 
Levels 

Between (A) 1821 1655 910.50 827.50 2 25.70* 
Treatments 

Xx A 53 219 13.30 s4.ao 4 .37 

Within 6181 35.50 35.50 173 

Total 9966 181 

F-
Value 

24.55* 

23.30* 

1.65 

~ 
°' 



Appendilt 1 

Student ques'btonnatt1e 



PERSONAL DATA QVESTIOINAIRE 

Name 1n full 
-----------------------------.....-------

Age_._ 

Grade 1n school 

l. 

2 .. 
4. 

5. 

----------------------

LS.st •nJ epeo1al1aed automot.1ve 1nat:ru.ot1on other than high. 
school courses. Include the name ot the courses and the 
approxtma ie · .. length ot ti 1me 1n hours. 

', 

l. Hours 
-------------------------------- --------

2. Hours 
------------------------------- --------

L11t tbe Job ~1.tl•s, and the approximate months ot work expei-1• 
ence wb.iclican 6e related to the automottvi · t'!eld. 

l •. ---------------- Months ___ _ 

a. 
---------------- Months ----

Monthe 
--------------------------------- -------

List tattler's main ocoupation below: 

L1st mother's ma1n occup.atton below: 
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