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MULTI-MEDIA SIMULATION OF LABORATORY
EXPERIMENTS IN A BASIC PHYSICS
LESSON ON MAGNETISM

ABSTRACT

Laboratory and simulated laboratory experiences were developed
and 1ntqgrated with a CAI physics lesson on magnetism. The relative
effectiveness of actual and simulated concrete referents as an aid to
1eayn1ng abstract concepts and principles was investigated for college
students 1n a basic physics course. No differences were detected
between the two conditiors with respect to posttest pertormance or
total instructional time.

A fost hoc analysis of learning by objective was conductec to
determine the existence of transfer effects in accordance'with a pre-
dicted hierarchy of conceptual develipment. Although inconzlusive,
the evidence appeared indicative of pacitive transfer in the predicted
manner and suggested resequencing of the lesson as an initial step

toward making learning ortimel,
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MULTI-MEDIA SIMULATION OF LABORATORY
EXPERIMENTS: IN A BASIC PHYSICS
LESSON ON MAGNETISM

Considerable interest has been generated-concerning the
use of .environmental simulation-to-facili:ate learning: The term
simulation—-has been aacribedcannumber of meanings and connota-
tions-bui~in-its most generai:-sense-refers to'therrépresentation
of reaiitys:~In the context-of-the:present studysﬂthe-simulated/
environment-mode denotes-~an~instructional method-~designed to
provide-individual students-with-a-substitute-for: the- manipula-
tion-of -specific laborato"y apparatus, More precisely, a
computerabased 1nstructxonai system-has been suppilemented with
slides-and:film loops to-provide~a-simulated encounter with

siﬁpiernagﬁetism experimentas Fcaaibility studies-.of-this nature

. appear:to-be-warranted- from:en- sxemination of:the:potential

advuntagesrafforded by:-sémuiation of laboratory experiencea in
sciencezeducation. ¢ B

.8imulation may-offar-relief from some.ofethu:problems
invoiving-3pace, ﬁcrdonnai; andreduipment inadeguacies ariaing
from-rapidiy growing enroiiments in meny schoolss ' Brubaker,
Schwendeman, and McQuarrie €1864) 1dcnt1f1ed advantages of
fiimed e:pnpimcntc over the crowded; mass’produetionrof-a typical
chemistry- laboratory for nonsmajors: Most important of these

advantages-is-the faﬁiiiavtiy;pboéided with experiments -

v



involviug-principles that:the-students ars capabie of under-
standing-but requiring advanced:techniques and:equipment which
are unevaiiﬁble to the beginner.

2inn-€1868) suggestédsthatisimulaticn permits exploration
of-situations-which may-be-too-expensive, too:dangerqus, or too
‘time:consuning-in real-lirn;:.-Also,:the use of:simulation for
teaching theoratical conceptsfwhich'are at the-higher-levels of
abstraction-should be considereq;"'Blum and Bork-€¢1969) point
to-therprescntation of expeviencecpossibilitigsainiafspacetime
worid-for-relativity studies-or:a-non-Newtonian-ufiverse for
exparimentntin'mechanics;'fReievant-laboratopyzexperiments are
unavailabie for such theoretical-inferences.

Additionally, simulation-may be able to-.alleviatc some
ofﬂthetdisndvantageavthat:accompany'the conventionei-usae of *le
laboratory: (1) lack of:coordination of instructional units
between the c;gagroom»andctheclahoratorv; (2).regimentation of
'gtgixed'mpating time- for-the:laboratory and its:being:of limited
auratioq;ita)vsch;duling:of:expanimenta on the:zbasis.-of equip-
mon;aiqgiiahi}iﬁy'rathepéfhancgtqqeqt need; (&a:reiﬁgation of
tho*labovatory-adminiatrationﬁtocgraduate studentsrﬁith limited
oxporioncerand unproven -competences;- and (8) inefficient use of
time: ~while: obtainxnu, maintaining; and assembling apparatus.

. While simulation appears:to offer many advantages over
tradttionnl 1aborntory exporiences, it should be remembered that
fﬂ}tgrtgucxtonal mode roppaaonts e means, not an-end. Many of
thooofudvantnxcl uould -have aittie merit unless-simulation can

fnetiitutoua; legst an pquggg;pg;.dogrge of learning. An




investigation-of the extent of learning requires prior ident-
ification of-the specific-iearning-skills of interest. Tt
shouid be porsible to identify some of thece skiils through
an-exarination of objegtivus'of laboratory instruction.

~:- The:laboratory movement has é@vélved from a need to implant
spocifictmanipulative~capabtiifies in the prospective scientist's
repertory-of-skills., Sincezlaboratory science-has become a
common-requirement for thernonamajobg educators have been
forced-to-identify naw objectives:to justify.the-existence of
the- laboratecry.  These  objectives-include, among others,
factlitation-of concept-and:principle learning; davelopment of
problsn-solving capabilities; and inculcation: of scientific

attftudess Regardless- of:-the-expressed objectives, achievement

~ by- thernonemajor is commoniy measured in terms of concept and

princirie:learning.
= --~:Thecrelative importence:of:concept and principle learning
- as=& letboratory objective may be-debatable, but:as long as
* educatorsc-continue to test for achievement in.this-area, the
- emphasi.s-upon-design of  instraction-to attain:this objective
should be'commensurate. “The accepfance of this-objective as a
‘reasontble one for purposes of investigation necessitates con-
siderati_n of the operational usage-of the terms-"concept"
and-"principle." ,
« :The distinction betwcen concepts and priiciples appears

to-becunciear-to most science educators, Many of them would
tend-to:agree with Smith (1986) that it is impossible to sharply

differentiate-prinoiples; and even facts, from-concepts,; Greater



clarity-can-be-found when-ore-turns-to the learning-theorists.
Auaubel:€1968) defined concepts-as-"unitary generic-or categor-
ical-ideas“-while-principles-ara-“composite ideas-that involve
meaningful-relational combinations-of concepts that-are proposi-
tionai-in nature.™" Gagnécflsss)'made a similar-distinction be-
tween-the-two-terms but-aisulayed:more interest-in-their
hierarchical:relationship. The-prohlem of semantics-for science
sducators:-may not be one-of great significance since-both concepts
and-principles-are used:to organize; to summarize;:-and-to gen-
eralize;:-Perhaps of greatar reievance in the design-of science

instruction-ia-the degree of complexity or level-of:-abstraction.

‘This:would:-appear to¢ be-in agreement with the: assertion-by Gagné

-(1968)-that-"abstract concepts are-formslly similar-to-principles."

-+ - -Novak -€1966) suggestedfthe-construction*of'a'“taxonbmy of
conceptual:levals®” - and contended-th=t such a taxonomy would
provide a natural scheme: for organizing the subsuming-processes
described:in:the learning-theories-of Ausubel (1368); The closest

upproximation-to- this suggestion-appears to be the-"structure of

‘organized:knowledge" prcacntgd:by:ﬁagn; (19658): This-structure

suggests-an-ordering of principles-in the form of hierarchies
which-dispiay-the dependence-of-higher-level principle learning

upon-prior-learning of subordinate-principles and of concepts.

'ﬁorc°r0cpnt1y;'Glgn‘“(lssai has suggested that “learning hierar-

chies-are-descriptions-of the relationships ovf-positivs-transfer

) amquttntellqptual-lkilxl; but that-they are not descriptions

of -how-one-acquires verbalizadie-knowledge." -He-has-thus been



5
) careful: to-differentiate “what the individual: .can:do¥-:from "what
:thefindividuaifknows;""In this skill contert,:the:terms-"concept"
and "principle-would refer to the-capabilities-of-classifying
and-rulesfollowing. This-distinction between:process-and content
appsars-to-be-one-of considerable-significance:for-design of
‘instv&ctionrand-measurement of lsarning outcomes.

""" Gagné-€1568) also emphasized-that verbalizable-knowledge
and-sven-inteilectual skills:can-be-acquired by learners some-
vwnat-independently of presentation-sequence. However; learned
-intellectual:-skills:will-be-found:to generate-poéitive transfer
in-an-ordered:fashion regardiess-of presentation-sequence. This

. statement is not-m;ant‘to impiy that positive .transfer is un-
affbcfed,by~presentation sequence. ‘One goal -of lesson development
should-be-the-identification-and-utilization of an optimal
instructional-sequence to enhance transfe:x among-learning events.

.- -:-~fhetpvosent study was designed to measure-the-relative effect-
‘iveness-of:-actual-and-simotated laboratory experience:for enhanc-
ing-the-learning-of a basic-physics lesson on-magnetism, Since
neither-of ~these-instructional:-modes-led to posttast-performance

“~that-would:bezindicative of lesson-mastery, the-data:was furthew

~ - - - examined-in:an-attumpt to identify:program weaknelseﬁi it was
deemsd-appropriate- to’ consider:possibla lequoncenrelated diffic-
ulties-in:1ight of evidence psrtaining to posxtive transfer.
Specifically;-a hierarchy of Mconceptual levels” was predicted for
t..s "lesson-and-used as-a basis for an analysis~of?tvadsfer'foects.
Tlie:control:provided by computer simulation veadily:permits the

Altovation:of:pvelontatton s.quence for subsequent-attempts to

.11
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identify:-an:optimal-eequence-and:its relation:to-positive

transfer.

Review-of:-the-Literature

The-simulated environment-mode presents many problems in
the realm-of-design-and-development;  The types-bffmodels'described
by authors:such as McMillan: and Gonzales (1368)-and Evans,
Wallace; ard:Sutherland: (1368) arc-generally inappropriate since
they-are-basically concernad-with:systems utilizing mathematical
models;::The present investigation-has required-extensive trial
and-error:procedures to-develop-realistic simulations-of labora-
tory-experiences. Perhaps-the-documentation of:this-process will
prqve'oftvaiuerto-future'attemptu:of'this nature.

--~--Instructional use:of-the-computer. Considerable-evidencs

has-been:accumulated to-demonstrate-the effectivenss-of-computer-
assisted-instruction (CAI):as-a learning mode.: -Hickey (1968)
has“roviewed:the"dqvolopment£:application. and-results-of-instruc-
tional uses of-the computer:-in-a:recent survey:of:-the-CAI liter-
ature; : Additional reviews-of:the-edvcational appiications of
computers have been presented-in-the books by Bushnelli-and Allen
(1967): and-by- Atkinson and Wiison-(1959). There: appears to be
little-doub*t that CAI offers-extensive potential:as-an instruc-
ticnal tool. .. |

;... Specific-investigations in-the science area-include the

. Intermediate:Science Curriculum Study (ISC3) by-Snyder, Flood,
and-Stuart:(1967) and the CAI eoilogo physics course:by Hansen,
Dick,;qufhipp.rt (1969); The latter study reported-a gereral

40



-thc'uae cf simvlatiﬂn..

gupevior?ﬁy-of CAI instruetion-over conventional classroom
instruption;_hogeyep;'an anaiysis of learring. by topics revealed
instpnctidnallweaknessss on cepfainy CAl lessons: fThese-weaknesses
ha;eéﬁeencattvibuted to dneppropriste media selection:by Schwarz
andtKromhontﬂfigsej. They havaﬁﬁosited,thatnstndentaperformgnce
o theseriessona could- be :mproved*’; .18 adqitionfof~iaboratory
as” aiternnte(medium. Th1s appeavrs-to he in accord-with:Ausubel's

(1968% uuggestion that even mature students would:tend-to fuiicrion

'at a rclatzvely concrate or intuitive level whenconfronted with
-untamiliar concepts and wouid-benefit from concrate-empirical

- props fb guuerate intuitiuefmeanings.

Simuiation of laboratcuy'experiences.. Recent studies

-indieaterthat 1aboratory -simulation’ provides an- foPCthG medium

‘for*instruction. W1ng tisssa cztaa pre- to posttest-gains for

conecpt 1carn1ng thvough'thefuse of multi-media s:mulatzon of

phyctcs experiencea. ‘As a resuit of addlt;onai positive results,

‘3Hing (19635 has advocatcd considevably more study of ways in which

aimuiﬁtion teehniqucs can be usad in science.instrnction. He
furthan raeommanded doparture fvom traditiona; msthodology to

LRSI ECN R

dovtlc improvcd mathods of instrneting students*in—scinnce through

S T SR

The ehsmistry projcct Londueted by Lagowski and Bundorson

fOMINT R ey TRy

-(1968) at the- Univoruity of Tcxau ppears to have the greatest

YLUBIT L TR .

relevance to: thc ﬁroscnt exparimont. A prcliminury ficld eval-

GRTREEDTYY LEGy

vation indieutal tha: conputar ainn!atiun of qnalitiativ. analys;s

oo Taen L I ™ 1

experiments ineorporctcd in a EAI edursa producou the same

_terminal bshaviors as the traditional method with conaiderable

13



~-gaving:in:student-time. Otaer chemistry‘simulatinnssara being

deveioped :but field tast resuits have yet to.be: presented.

In a survey of computers: in physics instruetion; Schuarz,

"Kromhout;tand:Edwards (1869) report the development-of a set of

electvicitycand magnetism experiments at the Thomas J. Wats...
Research:Center of IBM and the Jeviopment of experiments in
elementary physics and*cnemistry'by ®cience Research-Associates.
A‘number:ofzmere nophieticeted'iaboratory simulaticns-have been
neviewedrby;Blum and Bork- €1969) in another survey: These inno-

vations inciude a simulated-high-ensrgy accelarator; a simulated

: maeerepectromefen, and thgrsimulation of radioactive decay. The

inetrnctionai“potentiai-ot‘theeeilaboretory simuiafiona appears
to-be= eubstantial ‘but- iearning data is generally:- lecking at
present. - ‘ :

:.learning-hierarchies; Convincing evidence:-has been accum-

uleted:in{etndies of trensfen of lesarning to'eubstanfiete the
exieteneerefrieerning hierarchisss Beginning‘witnnfhe*sagné and
Paradise-€1961) etudy ingeiving~eigebrnic eqﬁationaebiving, Gagne
has- ameesed consideradble- dete that suggest hierarchical depern -

eneiee in*methemetice and science. Kingsley and-Hail (1967)

5’heve reported eubetantiai emounte of" poeitive trenefer of subor-

dinate-skills-to the final tasks in a derivedhiererehy of cons-
ervetion ekiiie.' In enother-etudy involving ronseryation tasks,
Beiiin. Kegen, end Rabinowitz €1966) tovnd prier clnssificetion'

1reining to provide greeter*poeitive transfer:than-verbal training

—————

“to-a- task- involving weteroievei representetion.-.Scendure end
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w;113261982i;showed~positive:tranafer effects.from:organizers in
the:ferm:of :relevant rules:-nsed:in-mathematical.games;:.to learn-
: ing'materiais~in mathematics:and:topology. -

. :Sequance of instructions Although intuitively:appealing,

the-iiterqtnre providesvsn;qtﬁevidence of any- dependence of
inatructionai*sequence~npon~iogica1'ordering..<In~fact‘ studiqs‘
such-as:that: of Payne, Krathwohl; and Gordon (1967) suggest.(
just- the.opposite. Thsee investigators found that:the: scrambling
of-fraces-in:three programmed:-lessons in educatlonaltmeasuremgnt
"did-not-affect-performancecon-criterion measuraszofélearning'and
retentions::%hese results-were in-agreement with-earlier studies
of-this-nature-conducted-by-Roe; Caae‘and Roe (1862):and by Levin
' qnd;Ba&grv(iSﬁs)._ Other-exampies-could be ;itad;xbuttthg resulcs
‘are-pimilar, . ..... . _
. -Sugnn (1968) implied that such findings:.merely-serve to
emphnsize"the ‘need to clearly distinguish between intellectual
lkitlg;qu-varb;ligghlgrknoqiadgguwhgn ordering:a sequance of
instrnq;iqpsurspiggs_(1§§8373nggeqtgd the dete:saination of optimal
l.quggqg:ghrough’gnq process of task apalys;aafolipqeg’by empir-
ical}yok&qed;fovisipp.3_Ha'has~idqa§i£iqq & needuto perform .
oxptrtngntpvof:thi; type in many subject matter ~reas,

Stntcnent of-the Problem R e

Th.*prcsont invontigat&on 1nvolved the: development of a
'1eanonron~magnetinm'in*th.riinuinted environment mrde to-parallel
An-c;i.tingriaboratoiyJvortiontofrths sam§ lesseoni:: The two

versions-weie-field tested simultaneocusly to determins their

155:5



10
--relative-effectiveness; Effectiveness was measured:by:a posttest
derived:from:performancs objéctives=identifiedzfor:the lesson
and-by:-the-total time required for instruction: Due to-the ‘lack
of -mastery.of.the learning materiais-by studente inetructed by
eithob;veruion; the data-wers also examined.to:determine the
existence-of-transer effecte in accordance with-a:prediated
‘hierarchy:of:conceptual development:- Evidence-of-:positive trans-
fer-was-of-interest for sequence nodification-during subsequent
revision.

Rationaie of -the Study

" _:In an-attempt to-redace the difficulties-encountered by
coiicge:atudenta in an unfemiiiar subject-matter:area, concrete
referents-in-the form of simple sxperiments were:added-to a CAI
phyaic-‘lesbon: It wrs assumed that- concretesempirical:p.ops and
“velevant anaslogies would facilitate:.the formulation:zof-abstract
- ‘concepts and principles; even for mature leabndfn;rasTsuggested
by~ Ausubel £1968). 'Based on @his assumption,: it was-theorized
that:.the simulatsd environment mode would providecconcrete refer-
. ents-for abstract concept and principle learning: equally as
cff‘ctiVeiy as laboratory manipulation, Additionally; if simula-
‘tion:could facilitate equivalent:learning while:conserving the
time required to set up and manipulate the laboratory-apparatus,

the simulated environment mode would prove more:-efficient,

i
-
<
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‘Reaseapch: Questions

- The: following reseerch queetzons have.been: identified
reietive tovthe present etady. '

€1) Do- differenceerexiet in- the instructional effect-
iveness: of ar leboretory supplemented CAL leseon |
conperad to: e'eimiier lesfon augmented with simula—
ted 1aboretory*expcriences as meaenrcd by a- posttest
beeed on objectives reiated to concept end principle
learning?

(2) Are taere- differences in the time- reqnired for students
-to- complete a-CAI- megnetiem 1esson thet is- supple-
mented with- 1eboretory erperiencea compared to A

{<~eimiler lesson that ia supplemenfed with- eimulated
lebnretory experuences? -

(31 -What are the- opinione of students concerning the

| ~effectiveneeefend deeirebility of- receiving 1nstruc-
"~tion in phyeice by Caz eupples:nteauwith either'
ectuel or eimnieted 1eboretory experiencee? ) |
i(ﬁ)' Hhet ev;dence of poeitive trenefer'within a—CAI leeson
/ S :on- megnetien can bs obteined from: an- objective beeed
Lo poetteut to engzeet the-exietence of a leerning '

hiorerchy? i

RS
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Method

'Leanning Materia‘s

Lesson 23- Magnets:-and-Magnstism from the- FSU=CAI Physics
Project (Heneen, et -al.,, 1968) was completely revised as -prioposed
by Schwarz-and- Kromhout tissea. The format was- altered to include
the performance of simple experiments at appropriate-times within
the 1essonc-~The axperiments added-to the lesson:weis:related to
the~fie1d end force propertzes associated withfmagnets and
magnetiema .Eurther ‘revision-of the lesson foliowed:on.the basis
rof- the reeuite of empirtecaiz date-obtei.ed during-subsequent
‘formetive evaluation.’

: for ~the- present experiment*‘the identification of perform-
ance: object:ves for the'previoueiy devdoped magnetiem~1esson was
deeired.‘ Since objecfivee for this lesson were:unavailable, it
was - neceeeary to de“ive theee objectives from.an-analysis of the
latoratory vereion of- the ieerning-materials and: have them

eubetentiated by the originei 1uthors. Based .upon:the derived

objectivee, teet itema uere prepered and the learning-materials

BT

-Ware: modified. Leason modificetion involved the replacement of
dutas ] FATY a0

all 1eboretory manipulet-onl-by-seem*ngly eppropriate ezmulated
\,,1 e *“\:.\)1;'&.
expeviencee.

eEgrvesd 0 Ta s

“The decision to nodtfy en exieting leeson’wae -based upon

,‘)

saveral advantages which.use of these meteriaie:hed.to offer.
First; tha authors had been closaiy associated with the Physics
107 -program at ‘FSU and wers well aware of the-course objectives

and-content and-of the-student capabilities. :Thezuse of these

18
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' materials:provided-an-opportunity to  capitalize-upon:the-extensive
~experience:of.the authors in-the developmentyof:sﬁcﬁtmateviais.
Second;:since-this- lesson was:designed td fulfill:the:same oﬁject-
ivcarns:th?:covresponding lgsson.in*Physics-lBl;:cooidinatimﬁ-of
the-data:collection with-the time' schedule ofztheaphysics class
ensuredrthé'availabiltiy of subjects with the:requisite entry
behaviorss:: :Finally, the laboratory-experiments-used 1n this
lesson:could:-be readlly simuiated within the techn:cal and txme
constraints-imposed upon the- investigation,

- -1 “Modification of‘fhefexiSting‘instructiohalcssquenca was
highiy:restrictive.in nature. For:experimental;ﬁnrposes,-it wago
"desirable:zto-have the two-versicns:of the lesson identical in
‘overyfrespect'e?cept one; naPe#y; the laboratory sxperienues,
Each*manipuiati?e task was replaced with an appropriate computer
'simulntionzr:eo;or slides were utilizea to dispiay:the-simulated
apparatus- and-its mgnipniationL All verbal exposition’ and .
Soeratic:diaiogﬁe-thathqid not pertain to speﬁific:iaporatory
"cxpcrimontation?remgined qonstént. |

-Task " Analysis

- The- pbysics lesson used in the presant study can be
doloribedfao an - instructionai sequence designed: to: enable the
student-to.formulate a’modet for magnetism nhich'axplains, or
inzconlintant with,- obiervabie pagnotic phenomsnas An analysis
-of . the Qxisting laboratory version of the. lolson‘iduntified the
ooriac.of.ﬂvents contained in Appendix A, . Further-analysis of

‘-these-events suggested their orgenization into ths four major

10:rn§p;:g;ogquqpn9:}g:?ign:gii.J:Thpsq_objectivns and their .

[} ]

cpn b amngs,) Lae ours et
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' Task IV ~ Formulating:a:theoretical

concept-of magnetism

Task II - ' Tesk III
-¥dentifying | Identifying
magnetic field | i magnetic force
~prop;r£i;s.3‘ ' ' | properties - o
ngeddd“to o o : needed to

‘. |{formulate a’' | ‘ formulate a
| ‘fhebrat;¢§1 E R *heoretical

: cbnccptiqflf - .| concept of
"magnetism magnetism

Tnk I - Idontify:l.ng thc attr*butu that delineate

N
v f\

& concroto eoncopt o2 lugnot:lom Y

R e [

: Pis;-i.--oumintion of hu-ning tuks in thtwhyuies lesson:
Hagnotn ‘and Hngnothl.

20t
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‘predicted:interrelationships:are:in:accord with: the-performance
objectives:identified-in-Appendix B,

~Tagk~1-involves the-learning-of the conceptéof”magnetism
“at-a: concrete ievel which= cnabins -the classification-of- observable
-Dhcnomencfthat are related:to- fhe properties .of -magnets. Tagk
IV.inyc;chﬁthe formulaticnaof‘anaabstract or-.theoretical concept
of‘magnetisc which provides-a:reasonable “ex;iaccﬁioﬁ?;for the
class of phenomena that-constitutes-Task I. fO‘ecablc-the student
to- move- from*the concrete-to- the~ theoretical 1eve1. tasks IT and
IX¥-provide- experiances: related to: the propearties: of magnetic
fislds:and-magnetic forccs,hrcspcctively. Task: IV . requires the
abstractionrof these macro: field-and force propertics:to:“explain“
the: phenomena of magnetism-by-similar properties:on:a micro scale,

A hierarchical relationship-has been prcdic:cc'to exist
between these major tasks-and-batwesen the subtasks:within thenm
as: indicated: in Figures‘2'and~3;' Evidence of.posiriyc-transfer
between- these tasks and subtasks:wonld provide:support for the
oxiutcacn~of~such a lenrning hierarchy., Althongh:the: sequence
of*inct*ucticn“was-in-thc*ordcrpgtvcn'in Appendix-A; it should
be- recellsd that Gagné (1968) has: suggested that: 1carnod intel-
lcctucl lkill will genocato*pocitivc transfer rcgardicss of the

LIS & S 3 o L %A
prolentcticn sequenco. a LA O -

BRSNS ’ nlde ‘..‘ LA
Tast: Inltrumontl ~i~”fﬂfrfi

> : v,

A porformancc measurs was dcvelopcd for asseasing the

oxtont of loarning rclative to cach subordinatc compctcncy of the

OO 76 SO : . .ok

1dontlf1od p-rformahco~ob§cctivcc. ~This- 1nstrunnn£:val

21
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: TASK IV r(f) Expiaining I
' |
i ferromagnetism |
u
' T :
[tb) Exple lte) Explaining _ ——n
L i) EXP%ai?fnts the attraction (e) Explaini |
| [the fao at| of -magnetic the closed
magnetic poles ___J_—__——_—) materials paths of |
! gannot be. i to magnets magnetic lines
b _}'_‘f}fi‘d o (d)Identifyiné ' ‘of force |
N slectrons in - - & — :
' ‘atoms as the O A IR
| ' source of s |
; Furront loops |
_ (a}Identifying
f 1 current loops | '
| T a8 the source |
" of mcgnetism
! in perm magnets| |
I !
e e e e | e e e e — — — JURN U — o e e e e —— ] — e . o
N : ] ,
: o e
; N AR : M
! ' o) ! !
for s - SV
| Task ! | TASK
| A . oy -}
N 3 foormroo
Buge poens Ty i v x
SN § L--T— ; T ry T '.-LZ.--‘T.--!
| o V::"-‘-*“*-ﬂrf--~—.-'—f-,,..]:-.'*—--- - - -~
| TASK I § ~ - | f
I (a)Identifyin (b)Idontifyin E;)Identifyin* d)Identifying :
! the shaps- ths forces - materials the-fact that
I of magnetic betweern - that ars gnetic poles | |
| lines magnetic attracted - cannot be : ‘
| of force poles by magnets isolated .
| | 2
I I

T

— - — ma e — a— — - — —— - - - - -

Fis. 2.-~Pr¢aiotod hierurohioai reiationsh‘p .non‘ the lubt;.k. ‘e
- - of Task I, Tasks II and- III. Aad ths subtasks- of; Task 1V,

it
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TASK III
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Fig. 3.--Predictcd hierarchical- rolationéhip amona the subtasks
of -Tasks II and III,
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admiristered:-as a pretest-to-the control group and - as-a posttest
to- the-two-treatment groups;  “Although the posttest data yieided
a-KR+20-reliability of .65-(k-=-21), tii:a use of correlational
methods . to~determine antestimate-of-reli: sility-was.not deemed
entirely:appropriate, particuiariy-for transfer- considerations,
Greater-:dependability in-the-assessment of learning of each
"subordinate:competency could-nhave-been expected:from.the use of
two -op moreritems to measure-the-attainment of- each subtask,
but :unfortunately this methodtwasﬁnot adopted. . in:the present
study.‘ In tefh; of content ~the-instruinent was'validated by
three physics instructors .who-judsed the items to:udequately

‘ repreégnt the objectives.

A seeond in;¥;&;éht ‘was-developed for the- purpose of

: ascertainxng student attitudae :and:opinions concerning various
aspects:of-the: instructionai modes ‘used in the-experiment., The
primary-purpose of ﬂolleeting this-. information was- for consider-
ation-during-: revision of the learn‘ng maTerials; " The first 21
items-of the- scale wert adminzstered to all experzmental groups,

. Three-items- (15. 15, and 21) ‘that.were fourd to-be-. ambiguous

** ‘Wwere:subsequently . de;gted prior *o.scoring, The'remaining 18

l{ L

‘items-.yielded an alpﬁa' miiabiiity coefficient of .91,

ubjects s ».'

Subjacts,(fp) qercérahdomly.selected from a_group: of Physics

A

-101~volunteebs at FSU.--The-selection of §s from.student volun-
taora;wero:nocosaitnted:by:the~fact3§pat 2ll Ss .were.held respcns-
idle:for- the  learning mnteriaisﬂOnzéuoqequent examinations in the

--couraa.“Performanee data-obtaincd from a midtcru examination

~,r)’| LRt Sy} - N < {
i Ll . ,

eaghidue nds gadue yin oAl :
TTY B,
. Az MUFERS

Q ;




ly
qdminlsxepedzpnlop to-thg:invgs;igatlon>did not.reveal any
systddgtic.differépces;ampdgzgnduijor between:.S8 and the
remdindqf_df‘thg\class?‘

gguratus ;. ‘ L

N D

The IBM 1500 Instrnctianal System was used.to direct

- and- monztor the actzvitzes conducted at eanh instructional sta-
-tzon.‘\The foilowing equipment was: installed at‘each station

for the exper;ment: “IBM- 1510 Terminal and Kodak: cﬂrouuel 35mm
slide.prpjector. The laboratory'stations had the follcwing '
additionai appardtus' Bc power supply. copper:: wire -bar magnets,
and a: small magnetic compass, All- Qs shared one:technicolor
Super 816 fllm loop pro*eo;o;*wlth accompanyzng Sawyer M;va
Screen.‘

Eaparimental Des gn

The design of tnis expevipent was slmxlar to-the “Posttest-
Only Cortrol Group Design" of eampbell and Stanley (19637, The
deaign differed in that 8 sqgond treutmenc group.was added.
Primary interest was focused upon performance differcnces between
"the:twvo: treatmant grouos. ’The control group was:. included to
determine: whether eithcr tveatmnnt exerted a positive influence

upon‘;drformance.
-°roceduve _ .)

The experiment was conduc*ed at the FSUeCAI Center immed-
idtely prior-te instruction of similar material in the convention-
al-courses Tlming‘was-cfiticai sinéc>§p were sxpected to poasess'
reqnicite:qntvy"Shhaviors but to havq’rccnived'nd formal

instiucfion‘at'FSU ovér“ha@drigi used in the invistigatioh.
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The—first'pﬁase’offthe?experiment involved:procurement of
Ss. All students enrolled:in-Section 1 of Physics:107 at FSU
during the Faill, 1969-70.Quarter:were invited to-participate in
the-experiment; The fifty volunteesr Ss were randomly‘assignee
to one-of-three- treatiment - gronpe (L, S, or C) as’ they reported
for*instruction"at'the‘CAI-Center. Each instructional session
was-limited:to six etndenfe duexte coﬁstreintSrimbosed by
facilitieStand’equipmenf.'” o e
The:qfneenfS'eesighedrfoégioup L {16 §§) received-instruc-
tion-by’the 1eboratofy“versien-offthe magnefism3ieseona' Groﬁp 8
(16Ss; was inétrqcted by tﬂe pafallel,'simulated'laboratory
vereion. 'Tﬁe'poettest énd‘aftitude;ﬁeasure'kerefadministared
individually-to each S in-the treatment groups-immediately upon
-cempletion of -the lesson.
m,Group € (18Ss) waefused ae'a'control te establish-baseline
entfylbeheéiore;‘ The parformance meanure was - adm;nxstered indiv-
idualily- to- these Ss as a- preteet foileied by znqtruction via the
‘aimulated-version: cf the- learning meteriale. ‘Gronp'C‘recexved
only-the: attitnde measure foilowing the instructirﬂ.
"Total‘instructionai ‘time for each S was :ained‘from the
usar's file of-the computer:system. Addition ly;'fhe midterm
examination score in Physios 10? was precured for-each § from

the- professor 'of the couvse.

- n}—‘ P4 b oot o LR DTN el i L

Resulta e

e s .A~ ;.,A;. i
Sk g7 By A< L R

.The results of the experimnt chould bs considered in
light-of- thc identifiable limitations of the data; For-the

R N
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‘assnasmenttof~1earning‘outcomes;iGagnéﬂ(1967) suggested consid-
eration-of-the-cheracteristics-of:distinctiveness-and freedon
‘from-distortion;  -Post hoc anatysis of the items used in the
: parformance ‘measure indicated thuir general fa11ure to be
dist1nct1ve in- two respec;;; Hany of the 1tems appeaved fo fail
‘lJn diat1nguiahing betweed‘thd measurement of different 1nte1-';
k:'eccuai skiils and/or betweeduintellectual skills:and verbaliz-
‘able;knowlnge;_ ;n\pq*ticular; a.cailure ta.diseriminate betwean
solvingiability‘requiriﬁguthe use of the rightahand'fnle and the
;ggruiﬁé:oftprincfples related-to-current iddps'has'been noted
on-itims-16-and 15, Distortion due-to interference-and distrac-
t1on eppeared~;revalent'on items 7 9;'ii; dnd igdfdfor:eiahple,
the-word parpend*cular,“ §h1ch received much: emphasis in the |
lessoq; attracted a ¢isproportionat: number of-incorrect choices
" onitems 7 and 14 and the:figures:uscd in items-9-and 11 had a
scemingly adverse influence-upon-rasponses, These-factors

should:.be:kept-in-mind-while:interpreting the results,

"“n-Instructional‘cffectiveness;f-The effectivenss-of the two

inltructional sequenc 5.was-meagured in terms-of-posttest
performance:and-total- instructional-time. The:results-of these
measures-.are ‘shown as means with associated standardZdeviations
in Tablg;;_along with the mean score of the control group on
thc"sdmatéorformahce'maﬂsure'adminiatered as a pretast,
Instruotional‘timo-was‘not rccobded for control:.Ss because
luitabic cxpcrimentdl control could not be exercised:over their

instruotion ‘and no- posttcst was Administered.

}
|
b
1
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TABLE 1.--Heans .and-standard-deviations of test
perfomanoe end ‘botal metmct:.on time

RECER TR AL et P {

< v Measure:

Test-Performanee“-Instvuetional“Time(Min)

Condition

O N U DI S ’M o [ SD"-\. U M B . SD
Laboratory (L) . . 1l.6 .. 3,3 ., 84,7 12,4
Simulated Laboratory (a) - 11,2 - .. 2,8 86,3 13.8
Con_t_t_'ol 15+ R S R R S?B' o ‘_2,'3, e

L Received ‘the criterion measure-as a preteet,
** Time was not recorded. :
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Since-the effectivenﬂeetofrthe laboretory'version of 1.
.‘leseon had-not- been previously establlshed, at- test was made
| oompering this oondition with the oontrol conditionD Thie test
for-differences between*meenseon*the performance.neacure yielded
t =‘6;127(P1<.0l).‘ A"oonperieon:of posttest . performance for:
the- two~treatment conditions-provided no evidence'of”the'superiora
ity of 'exthor laboratory- or-simnieted laboratory as:a: supplement
to~CAl:- inetruetion. To- provide-an- indioation of: the effectiveness
“of- tne'inetruetionel eeqnenee'byvindividuel objeotive, Table 2
'oontainefthe*proportion'of correct” reeponses for-each.item of the
performen*e .measure, Systemetio differenoes between the %wo
o treatment groups are not-apparent. |
Thertotal instruotionel time- required for-the:iaboratory
version- of the- magnetiem*ieeaon*wes compared with- the: time  required
- for: instruotion by the simuiated iaboretory vereicno- Under the
: oonditiens .of-tha preaent experiment, no differenoesfbetween the
‘mean: inetructional timee'for the-two- vereions were: revealed by
Cartr telt. . 1t~ should be-notedP'however, that .approximitely 15
ninutes of proctor time- wee'required to orepare the leboretory

oondition prior to eau” edminietreticn of the experiment thue

Bk R
E T R R TP N

eeving et least en equiveient*amonnt of student time.
| - The’ ettitude eoele Hae Admiﬂietered to ell .8s-in-an effort

“to-derive- opinions conc erning the: effeotiveness of:the-experimen-

IR BA]

tal-conditione.¥ Since there:was:no:.way for the: .88~ tox oompere the

© twos conditione, the dete reflect -opinions concerning the CAI
v ;A \ll LSRR SURIE EAF CF -SRI

"preeentetion node eupplcmented'with either actual-or.simulated .

conerete referente. e e »»wi-'-va»"n~~ L IR

T # v Felunne 360 I S T T A S A
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TABLE 2.~vProportion correct-by-item.and learning
"~ task 'on-the~ pev!ornance ‘measure,

2y

Powr 70T anilenii - - ppoportion correct
Tast Learning B Condition
Iff? | Task L 3 e
1 S .88 Les .94
2 s Id - T N '75 . i 075 322
3 Ic - <94 < e 82 1.00
I‘ Ia Yo PRI . .81 B N Y .75 . .33
5 Iia 275 2715 .50
6'4; 'IIb = 2 . lgu s cgu .72
7 IIc W31 250 . h8
8 -, 114 -, ..~ ... 1,00 ... 75 » 06
9 I11d «19 ' 238 228
10 Te .58 .50 17
11 IIId .31 31 .06
12 U Ve IIIb A R A -88 P . . .9’4 .11
13 Illc .38 1,00 .06
(24 ., . . IITe . .. ... 431 _ . . .. .06 17
15 - I1f AU »56 v22
15&'[:}, Cat Iva e e 25 - L L I .06
16b: IVd .38 . o Uy +06
16c. ; .. - IV ... ;. 00 5. .. .00 ©.+00
16d IVe .06 .38 00
16d - - ;o IVe 4. o W4 o 0250 . .08
16f ' IVf clg 019 .08
TABLE é;;-Henns and ataﬁdard deviations of an
~. 7 . attitude messure:concerning CAI
“instruction- supplexanted with
conomte rcfarents eI a c Eiv Qo
T Condition TUURTTTTTT Attitude Measure
T PN I TA NN T & S BT > S S ‘ : :
| Mt SD
Laborafory'(L) “”.u ' 'v”.;ﬂ;‘_ . 60 8 71 3
 8lmvlated- Labofatory (S) o 62.3 N 8.8
: Controi (c) 1 AAUTaE Qfﬂ{fétﬂgfﬁ £ 69,1 - 7'1’

* A value of-54 would represent-a-neutral att.tude.

i
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A total score of 5% based upon- three points per item would
reflect a-neutral attitude:toward:the instructional sedﬁencJ.
On-this:basis, 41 . Ss diaplayed:a;positive reaction to the
sequence conpared to sight-negative reactions.. There was general
agreemant‘thatathe-uimplc'experimenta .(3.96)*'and‘slide§ (4.0L)
were facilitating in the- learning:experience and-thxt thers is
a definite need for the-development of more 1essons-¢f7tpis type
(3.92),: Most.of the etgdcnts:emphatiéally agreed-that-the lesson
was: a welcome-change offpacé'from~usual classroom-experiment in
the-future (4,04),

-Learning transfer. :Evidence: for the existence-of positive

transfer;among’léarningrtaaks-ahouid emerge from-the-pass-fail
pattern between adjacent 1elevant-tasks and subtasks; Accord-
inglyb,succe;sfwith a highuor task following success-with a lower
task (++) or failure to succeed with-a higher'taek'after failing
with a-lower: task (~-) wouid constitute evidence:in- support of
-positive-transfer. Success with a-higher task following failure
with- a‘ lower. task (+-) would be.in:contradiction-of -theories of
positive:transfer. Higher failure following lower:success (-+)
vould proviie -no transfer data but would indicate-points at which
tho“prég§$m:beébﬁéé i;o%fggfiQe foflpafficularti?arneré.“ Sincéw
the-insfgggtiqnal sequences were identical and since-no-evidence
was found to suggest that the posttest snores for-the-two treat-
ment-groups were frow different popalations, the-data:-for these

two  groups-were combined for tho,invostigationgof'transfer effects,

-#-Denotes mean score on the associated test item.

31. ..
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The-performance patterns for predicted hierarchical:relationships
i batwaanxhigher»level-and‘ralevant:1ower-1evelftasks:ahd—subtasks
| are-shown:-in-Table 4, - The-upper:part of the tabie:show8‘pattebns
'~ relating-the-eubtasks within:task:IV-to taske IX:and-III and té
relevant-subtasks within:tezsk I; (Since several-items' in tasks
IT .and-III were judged to-be-suffering from distortion effects
and'1ack:offdiatinctivenaas;rsuccess was arbitrariiy defined to
be~h~pas;es'out of 6 for:task-II-and 3 out of:5-for-task III,)
The :lewer part-of the table-displays a breakdown-of-transfer
patterns within tacks II and III. o

‘ The final colurn indicates the proportion:-of-instances
consistent-with' the pradicted hiérarchy of taske -and:subtasks.
The*gvidence:for the existence  of such a hierarchy:-would have
to-be-conoidered far from conciusive on the basis:of:the present
study;- -However, if is not possible: to differentiate-between
instances . of:deviation from the-hierarchy and- instances-of dubi-
ous-data:resulting from an undependable performance:measurement,
Correct response resulting-from guessing on thefmuitiﬁle choice
"items would tend to bias:the-proportions downward-due-to a dis-
proportionate increase in-coiumns:€3) and (4),::Due to the
" conservative manner in which-{ihe-free response-items-were scored,
these-items were rescored giving:8s the "benefii-of-the doubt"
and- the proportions in tha-upper-part of the {able-were recalcu-
1at;da“.The new pﬁoportionltﬁere-found to b;5hpproximately .10

-

greater than those reported:in-Table 4, 7% &oii
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'TABLE %.--Pass-fail patterns-of:achievement betwesn- adjacent
lower:and higher:ievel:relevant learning tasks,
. -and.proportion-of: instancer-consistent with
. .predicted. pcsitive:transfer,
S Fraquency of pass- . ‘ . .. Proportion instmoces
Transfer-to -~ f&il pattevn-Highev, .-Total testable:' cousistent with
o Lower o .._“fvequency'i; - pusitive transfer

i

(1)‘;(2) (3) () (1) + (2)
C e

task or subtask s es T D@+ () DR oo B 2 ¢ DK 2 621

[o—

II from Ia 13 5 2 12 » 20 .90
III from Ib,ec -~ 20 -1 86 -8 27 ' ‘ .18
IVa from II,JII 5 13 6 8 24 .75
IVe from Id,I¥a -~ 9. 17 4§ 2 30 - .87
Ivd from IIa .3 16 5 8 .24 .79
IVe from Ib,e, - L Co
IVa,d 0 21 9 2 30 .70
IVE from IVe - Ty 21 2 5 27 : .93
ITa from la- 21 .4 3 4 . .. 28 . . «89
IIb from Ila 22 0 . 8. 2 . 30 , .73
IIc from IIb 12 1 X 18 1y .93
IId from Ilc 4 1y 5 9 - 23 , .78
IIe from IIg;d =~ .. -3 14 - 14 1. - 31 - «55
IIf from Ile : 12 11 4 5 27 " .85
IIXa from Ib;c 24 1. k 3 29 86
iIIb from IITa -~ - 25 0 - 4 3 29 ' +86
Illc from IIIL .27 0 ¥ 2 an .90
IIId from IIic - - 710 2 0 20 12 — 1,00
IITe from IIIg,d - .4~ 20 2. 6 - 28 : .92

- LR y !

ag : vhLt
NG F . . o
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In'an'effort-to:datermige~the~credibility:of:the:predicted

hierarchy :relative to-other conceivable .hierarchies; a table

of conditional-yrobabilities for all pqasib}g:rgsponse"patterﬁs

was-computed: The probability-of mastering taakTXé'given that

task:Xj ‘has-bcen mastered-shoutd-indicate the degree-to which

pﬂsdictabietre1atiohshipd:obtainzaﬁong the various-tasks.,

Since

no-hierarchy:was identified-:that-appeared more-reasonable than

‘the“pfedictad:hierarchy; these-results have been-presented in an

order-similar-to Table b4:

Table-5-containe conditional probab-

ilities-related to tne major-tasks-and to subtasks-within tasks

I- and-1IvV-calculated with-the-data-obtained from-rescoring the

measure-of:Task IV performance:

prebabilities -of success within-tasks-II and III:

Table 6 includes conditional

Asterisks iden-

tify success probabilities pertaining-to the predicted hierarchy,

TABLE: §;«~ Probability of “responding-correctly to the
test item corresponding to task X, given
that task Xj 1s mastered.

X2 P(X,X;)
Xl\\Ia Ib Ic Id II III IVa IVe 1IVd TVe IVE
fa = .88 .84 .80 ,52% .88 ,72 L 44 .40 ,56 .32
Ib 079 lss .75 -SO 079*’ 058 . .HB . |39 .Sli‘ 032
I_C .75 .86 .75 -50 -82. -58 46 |us ;50. 036
Id .83 ,88 .83 .50 - .83 ,79 .58* ,50 ,58 42
II .87*-93 l93 .80 087 .80* lu7 luo lS? Qu7
III .85 ,85+% ,89% [77 .50 .72% .50  ,42 .54 .3
IVa .86 ,90 .90 ,90 .57% ,90 67%  ,62% _76% ,u8
IVe .79 .93 .93 1,00 ,50 ,93 1.00% 6% .91 .50
ivd .77 .85 1,00 ,92 .46 €5 1,00% ,69 J54
IVe .86 ,94* ,86 ,86 .63 .86 1,00% ,52 ,69% ,62%
IvVf .80 ,90.1.00 1,00 .70. .80 1,00 .70 .70 1.00%

¥ Indicates predicted transfer.
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e

no&touvouaﬂum to:task ‘X4 given that task xH v

S is mastered

.;;:hswbmxm.olmaovmuﬁwvhﬁ of :responding:correctly. to- ﬁwo.cnmd item

HUANN NPV; N
K. Ia = Ila IIb "1lc IId Ile IIf. Ib Te IIIa. IIIb. IIIc. XIXIXd - IIJe
Ia LB4%° (92 - 40 .36, -.,48 -,.56°
ITa .ww»,. .92%  ,38-- ,38-- .54 .54
IIb . -L77 0 .73 _JMO%*- ;30  ,53 .53
RN IIc ,.qq " .69 LI2% , .31%- 4% 38
e TId: 1,000 1,00 1,00 0 bk .67% .78 - ,
ITa- .71.. .76 .34  ,35% _35%- . 71% ' )
“I1f: .88:-: ..,81- 1,00 . ,31_ . ubL 75% - ..
Ib .36. .86% ,89. f.93 .29 7 ,18
Ic . +86: .B89% ,89 °-,93- .36 ., .21
HHH“ -wm’ .ow’\ l“@’ ‘_, -wwn -“.w ’ -Pa
IIIb .86 .36 .86*% T L.93%- .31 1 L1
I1lc .87 .87:..87 .90 wm» 20+
Iiva. T .80.1.00...80 .90 1.00%. LHO*
Ille .82 1.00. .83 .67 --1.00% 7% -

Indicates-predicted transfer.
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Tables.5 and. 6. contain probabilities which.represent the

; degree-to: uhich success: with a: given tesk or subteek can be

-

l
predicted-: from uucceee on another tesk or subtaek._ Since mean- -

ingful: probabxlztxee are - predicted when taek X, precedes teeL
Xy, the: most signxficant information regdrding adjacent tasks
is-foand: ebove the dlagona" Howaver.’eince in-a perfect
hierarchy: all values below: the dzegonel would be: 1,00, the
extent ‘to: whinh theee valuee deviete from 1 00. gives &1 indication
of :the- degree to which the hiarerchy appvoaches the ideal. 2Azain,
the.resulte,ere 1nconc1uszve_because<of the dependability of the
data, R
‘ L Discussion

Baeeo:unon theAtheoretical poeiti:n that:the:sirulated

environment mode would fecilitetc concept and-principle learning

in science in a manner eimiier to thet of laboratory:experiencss,

"the: preeent pilot atudy inveetigated the relative: effectiveness

of the-tvo: instructional modee. Addxtionaily, an attempc was made
to 1dentify ovidence of - poeitive transfer- between learning tasks
for-the purpose of eequencing the tasks- duving further ipevieions
of the leevning matoriele.J%

- . No evidence wea obtetned to suggest that nimuleted laboretory
experiencee are . eny leee effective than- the performance of eimple
experimcntn in- proJiding concrete-referente to eid in-the learn-
ing-of -abstract. concepte and principies; The reeulte appeer
to suggest. the mevit of continued attempts to:design appropri-

i . \

ate laboratory: simuletione, particularly when limitations can

t
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be identified:for. actual:laboratory: manipulations. Soﬁa‘of
‘;he.labora tory.limitations that wonld tend to- anhance the feas-
ibility:of:simulation. would nclnde health: ha*arda excessive
costs,*c*nstwainte imposud by owercrowdiug, ar.d- unavailability
ofappropriuate ex, ariments. - 3 !

The:possible differences-in:student time-rsquired for
: insrruction-were daliboratuiy'nogated~in the'pre?ent4éfudy be-
cause- pf the:limited availability-.of the CAI systam. The decis-
ion to:set-up-the laboratory:apparatus in advance was mnde to
~ensure:adequate time for;ull;és;tO‘complete thetinstructional
sequenge; . If total inetrnetionai;time were redefined:tc include
proctor:time- for prepar;tion:of:thétlaboratoryfcondition, the
‘results-would.tend to favor the simulated environment mcde,
However;:since expericnce:sesems to indicate that:-laboratory time
is .a functiun-of the specific:experiment of interest;{any attempt
te-genoralize.with respect:to time differences:would.entail -
considerable-risk and probably:ahouid-not'bs'attempf;d.

. 3tudent-opinion tended:to:favor the-use-of- coucrpte refer-
- ents-in-association with.€AI over cther-instractional methods.
The- gcno:al consensus that:ths lesson was a welcome-change of
pacn from ns\nl classroom: activities is of particular interest,
This expression appears.to:suggest-continued investigation of
potential: 1nnovu §7» uses:of:various-media forms-to promote
greater student interest,

-Pue:to.apparent distortion:and-a-lack-of-:distinctivenees
in the test items, the .results.wera:generally inconclusive with

fispcct:to:positive transfer.throughout the-predicted learning

37
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hierarchy.. :While.the existencq;of:the:predicted:hierarchy could
not ‘-be-substantiated, .neither-could-it-be refuted:: Enough
scattered.bits of evidence:-were:-revealed, however; to warraqfﬁ
reseqncnéing:of.the.leason:andfinvestigatingﬁfort1ndicationé 6f
positive transfer with a-more-appropriate criterion-measurs.
Extreme-:care-ghould be exercised:in-restating-the-objectives
and-in-devising the performance:measure in an-effort-to:differen-
tiatetbetvean:varioué intellectuai:skills and-between-intellect-
'ual'skillstand'verbaiizabie:knouledge.

-Verifcation of the:predicted-hierarchy could:conceivably
shed:ligﬁt upon Novak's. (1969} suggested “taxonomy:of:conceptual
levels;" The:hierarchy.in:-question-identifies-three possible
levels-of:theorstical concept:development: Task I could be
considered-an-identification-or:classification-stage where attri-
butez-of-the:concept are-delineated;--Tasks II and III appear
to constitute-a developmentai-stage :where concrete-referents
are used to provide éxpericncea:thatfare“congruent with the
theoretical concept to be:abstracted;- The final:stage might be
referred to as 2 formulation:stage:where-the learner:-builds a
“monta;:nodql! which subsumes:-the-concrete-concept along the
analogous-concrete referents;:~Thetformu1ation of theoretical
cbhceptutappcars to require-some-undefined inteilcctual skill
related :to-the process-of-abstraction through-the use of

analogies,
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The:attempt to subatantiate-the existence:of:e-ieeining
hi't‘vchy"gen‘”‘t‘d;m°”°‘quﬂﬁti°ns:than ehewevsa;;Some'df?the

queetions which eppeev to be deser:ing of fuvthev 1nvestigetion

'inelude the following-"w"‘

'€1)..What is the evidenee veieted to the existence of
hievavchies of vevbaiizeble knowledge? .(f
--(25 To whet extent can- znteilectuel skilla be differen-'
tieted from vevbeiizehle knowledge? Cen ekills be
- identified thet ire “eontent-fvee“? Theeekq;eetiona
~have: implioetions fov'the formuletxon of - process goals
in eduoetion.‘w
'(3} :What is the evidence-that- would tend- to- support the
iJf\ exiet;;eelof e:taxonomy of coneeptuel 1evels?
“E?? Cen the proceel of formuieting ebstvect concepts be
' diffeventieted from pvinciple learning and rule-using?
(gf Whet is the epprOpvzate role of subenming processes
| in a leerning hievevchy?

The answers to theee*queetione would prove-inveluable in

"theidee;gnfegd;eequepgipg:of:eoience-in;truotion,
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ANALYSIS OF LEARNING TASKS IN THE LESSON:
ménn'rsr.mn- MAGNETIoM '




1,
2,

3.

$.

-

7%

-8,

10, -

11

124

13,

14,

15"

16,

“materials,’
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Observinc the effect of a magnet1c f1e1d upon magnetic

S P

‘Observ g the affect: of- bringzng like and unlike magnet1c‘ -

poles: ogether.

v . » . . . 07“‘
DRI RS TR "._n. . oo

Obaervzng the effect of byuaklng a bar megnet into smaller .
pieces-upon-the magnetic roles,

-Happing~magnetio'fie1d lines:and1cbseiving;their shepe._m

Obaerving: the - exiastence of a magnetic field:created by an
electric- curreat- flowing through a wire, . . . . :
Observing- the- relationarip between the direction-of current
flow:and:the- dxrectxon of the- magnetic field- created by the
current‘ ‘::wf” SRR RV S 1 AR 1D T S B LZ: A Co

$

~.,(,'_7.v .;ﬂt e

Observing the shape of magnetic lines of fcrce created by
a currentscarrying wire,

Observing-the effect of an-external magnetic-field upon a
current=carrying wire,

Predicting-the direution-of:-the magnetic lines of-force around
a: currcnt-carry1ng wire-with-the-aid of the-first-right~hand
rule.

Observing:the direction-of:the-magnetic lines-of-force around
a-current=carrying wire loop.

Ppedicting-the direction-of-a-magnetic force-with-the aid of
zthe-second-right-hand rule.

Observing-the nature-of-the-force exerted " y:a magnetic field
upon: a~moving charge,

Observxngvthe relationship:between the directions-of current
flow:and-external magnefic .field, and the direction of a

. magnetic force,

Piedicting the behavior-of:a-current loop placed:in:a-magnetic
f Gldo

Observing-that-a mainetic force has maximum-intensity when
the-magnetic field is-perpendicular to the: direction of
cnrrent flow,

-COnsidering the existence-of:current loops:in magnetic mat-
‘erials-to-explain observable-magnetic phenovmena,



17.

i8,

19,

28,

21.

39

00$sideving.thetéxistencs:of:current loops.with -magnetic
poles:at:the molecular-level:as:an explanation of the
inability-to isolate-magnetic poles.

Considering the- existence-of-magnetic linea-of:force which
form:closed paths at:the:molecular, currentsloop-level as
an-explanation for:the:closed:paths of magnetic field
lines-observed’ for:magnétic:materials, = ' IR

Considering the motion:-of-electrons in‘at6Ms:and:holecules
as-a-possible-source:of-current-loops in:magnetic-materials.

Considering the orientation:-of:current loops-comprised of
unpaired-electrons-as-a:source-of magnetism:in-magnetic
materiala..\ T T o

Considereing the existence:of:-molecular forces:that tend
to-prevent -disorientation-of-current loops-in ferro-
magnetic:materials-after:an-external magnetic:field has
been-removed, - T
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The:student will be: able-to: identzfy the ph.nomena which
a-modei:for- magnetilm'nould need: to explain::sThese phen-

omena:which-cha: acterize-magnetism and yhich: diffarentiate

‘properties-of magnets:from: proporties of chargas are:

ra; Magnetic 1lines of- force form closed- paths but el.ctric

lines-of" force>begin and-end-on the: charzes. (u)i

‘bs Magnetic poles and-charges-are sxmilar, in:both cases

‘like-repel and uniike-attract. (1) Jee

‘ci Some: matorials arerattractgq‘to magnetﬂ:bﬁtﬁothefs

- ape- not. (3)

d; Magnetic poles differ"from‘charges in that polea can-
not-be-isolated-white: charges can. (2) L

The: student will be_able: to: idcntify the magnct;c field
properties-upon which:a-modei-for magnetism-can-be built,
These-field properties-which-are-associated: with a current-
carrying-wire are:

a; Current flowing through a: wire sets up:a magnetic field
- . around-.a wire, (5)

- bs The-direction of-the-magnetic field around-a wire is

III.

€cveraed when the-direction-of the current-is-reversed.
6) . _

- Hagnetxc lines of-force:form concentric-circles around

a:current-carrying-wire, (7)

d; The:direction of-the-1ines 'of force around:a-current-
carrying wire as- predicted with the aid-of-the firat
right=hand rule, (%)

e. Coiling a currentascarrying-wire into a loop:will congen-
trate-the lines of-force-at-the center:of:the:loop. (10)

£. The maximum magnetic-field:intensity arcund.a current-
carrying wire loop-is-perpendicular to the-loop at its
center, (1§)

The:student will be-able:-to-identify the magretic force
properties -upon which-a-modei:for magnetism:can:be built,
T?aue -force properties:which:are-associated-with-a-magnetic
field are:

a; A magnetic field-exerts-a-force on a moving:charge, (8)

b: Magnetic fcrces-are-oniy-deflecting in-nature-and do no
-~ work:-upon a charge. (12)

* Indicates test ftem constructed to assess attafnment of this obJective

EKC
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¢, The:- magnetic forqe exerted-on-a charged:-particle is
--- perpendicular to:the:dirsctions of both thse- velocity
: and: the magnetic-field., (13)

d: The: dzrcetxon of:-the: deflecting force exerted on a ;..
current-carrying-wire:by:a:-magnetic field:as:predictéd
with:the-aid-of:the:second:right-hand.rule. (11)

--@; The-orientation-of- a- current=carrying wire loop in a

magnetic field. (1)
-The;atudent'will'bo-abla:to:utiiize a theoretical-model for
‘magnetism-to explain-:the-phenomena which characterize magne-
‘tismi--The-phenomena-which-will-be explained:by:the student
are! ‘ o

"a; The:source of magnetism-in:a permanent.magnet. (16a)
bs Magnetic polee.cinnot:be;isolated. (16¢)
c: Magnetic lines of:force:-form: closed paths. (16d)
d; The-source of current-ioops-in magnetic*metcriqls. (16b)

e; .Some-materials are- attracted to magneta and others
are-not. (16e)

fi: Some-materials can-be-permanently magnetized, (16f)
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MAGNETS AND MAGNETISM
CRITERION TEST

Select the-best-answer to each-of the following-items-and mark
it on:the-answar sheet,

1.

2,

3.

Which-of -the" followmng statements is eorrect?

1

2)

3)
f ”like ettrect - unlike repel.

%)

Like- megnetie poles attreet"— unlike repei; like ehargea

- repel---unlike attract,

Like-magnetic pcies- repel*- unlike attraet1 like charges
attraet - unlike repol. ' : .

Magnetic poles and eharges are similer; in both cases

Hegnetic poles end charges-are similer; in-both cases
like repel - unlike attract,

whieh of theae stetoments is- correet?

1)
2)

3)

¥)-

1)
2)

3)
4)

Electric charges:  can- be.separeted but magnetic poley
cannot. .

No-isolated-electric:charges-or magnetic:pcles have
ever: been observed.

A magnet ean be eut into two pieees, a- north pole and
a-south  pole, but-electri¢:charges cannot-be-separated,

Magnets-can be Separated :into north and-south poles,

-and-electric charges-can-be- separated into-positive and
‘negative charges,

-Identify-the true statement,

All-metals are ettraeted to magnets.

Iron-and- similer metals are attraeted to- megnete but
copper- and aluminum are not, -

Glass and eommon*plectice.ere attracted:-to magnets,

Ferromagnetic materiais are-not suitable for permanent
magnets.,
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4, Lines-of-force-in a'magnetic-field diffev from-those in an
-+ electric-field in that

1)
2)
3)
4)

they-form closed cuvves.‘

theyrdo-not-giva:the:dibectioo of the force,

they-terminate-on-the-magnstic poles,

there-is an- infxnite numbev of them.

S5 Hhen ‘an- eiectvxc cuvvent flows through a wire

15'
2)

8)

»

an: electvic fleld is-set- up-in the apace aronnd the wire.
a-magnetic field-is-sat-up-in the space-around-the wire,

therspace'afound'thefwivefiS'not influonced:nnleas the
dirvection of cuvventrflow:is'alternating.

the-space around-the:wire:is-not influenced under any
circumstances. :

6. ‘Chaugxng the current- flow: xn a: wire to the opposite direction
: will

1

2)
3
-4

~eliminate any field-that:was previously present around
-the wire.

increase the magnitude:-of-any field aroundtthe wire,

reverse the direction- of any field around:the wiro.

[

thave no 1nf1uonce on- the space around the wive.

-7, The-magnetic lines of-force: associated with-a-long;-straight
‘ current=carrying wire

1)
2)
‘3)
¥)

ars-paraliel to the wire.
aro-perpendiculat*to‘the wire.
form- ;oncentvic circlos aronnd the wive,

W oy

sprend out vadiaiiy -ith the wiro at the center,

© 8i; A-constaunt-magnetic:field:exerts forces on

1)
2)
3)
¥)

stationary charges,
moving charges.
both~atationary and-moving-charges,

noithev-atationary*nor*moving charges,

s!jf?
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g, With current. flowing in-the-direction . = . i
- qdioatcd by. I in the.drawing;:the Right L T
- Hand-Ruie:tells us that:the: dlroction of o [~
- - ‘the-1lines-of foréé will:be-as-indicated : '-u‘(2?55 C
- by-the-avrow at W _ Ay N
. R ; A
1) 1 ‘ oo E - - B ) - N 3 “-”y\d‘--‘\
2) 2 L L ;;{/,
3 3 - ! ;;[K///
S : B A ‘
“) “ oo e :;._,”" S e Cnegd e § /(// Ay T

10, If the: wir' abova wore coiled into a loop, the 1inoa of
’ ~'force uould . . . e

Sy L

1) cancel'each other out.

2) be- in the direction of: tho current, I, at-all points.
4) “hot longe: be describcd by the Right Hand Rule,

4) - be-concentrated inside:-ths loop, -

11, The-following diagram-representes a section of-straight,
© currentecarrying wire-placed:-in-a magnetic fleld:

Py

.
-.-..»?

NG DS S-St 2 B DU
! i ‘

. B B« B 8
The-wire:wiil be'defleoted ' '

1 tow(rd tho top of ‘the paper.
2) to-the right.
iJQLéatO-tho paper.’
;) out:of -the paper.
12, -The force exerted -upon-a-charge:by a magnetic field

i} in#a:pure.dofloétingrforcc:that does noéﬁbrk'upon the
.~ chavge.

2) may-slow down the chargs.
'3) 4increases the total:energy -of the movihg‘chargo.

h)L il:longtimcu called-a-fiotitiocus force,

- 52 .L"‘; PO

e e



46

Hhen a: chavged pavticla moves: with a velocity;:v; through

magnetic tield, B,-in-a- direction perpendiculay to the

ficld zthe- magnetic force:-on: the- particle is in

3]
2)

3y

%)

the:-direction of:-vj-perpendicular to B.
‘the-direction of B3j-perpendicular to v.
a-direction perpendicular:to-both v and B,

‘adirection-that:is-not-perpendicular to-either v or B,

14, The-figure:-below represents-a-current loop- piaqad in a mag-
netic:field-with-the:direction-of the current-in-the loop
T ascs indicated by the-arrows-on-the loop. Assume-that the
‘plane:-of-the loop is- parpondicnlav to the plane-of:this sheet

of paper.
: — -?
_ o .
Field = — >
B " >
kY

The-loop-will tend to

1)
-2)

3
)

move-in the direction-of: the field.
‘move-in-a direction:-perpendicular to the field,
‘rotate-in a clockswise-direction, .

-rotate-in a countersclockwise direction,

15. The maximum intensity of:a-magnetic field set-up-by a cur-
‘rent loop is

1
~2)
3)
)

psrpendicular to-the:zloop-at-its center.
in-the plane of the:ioop-directed towail-its centepr,
"dependent upon- the:direction-of the current:in-the loop.

‘in-the-direction-of-the-currant in the loop.
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16, We:have:developed a.simple:model: for magnetism in this
lesson;:-Use this-model:to:account for each of the
‘followings - (Keep your-explanation brief.)

--a) The:source of ma;notism:in:a‘pormanent magnet,

b} The-fact-that magnetic-polss cannot be._isolated,

¢) The:fact that-magnetic-linas of force_forﬁ:elosed loops.

d) :The:source of cdrrﬁnt*loops:in magnetic:-materials,

‘e} The fact:-that-some-materials-are attracted:tc magnets
-+ and others -are not,

‘£) -The:fact-that some-materiais- are ferrcmagnetic (can be
‘permanantly magnetized).

o4
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NAME- - < - - ... - .. . NUMBER '___ - * -

'STUDENT -

This-ie not-a test »f information;-therefore, there-is nq one
"right¥-answen:to-a question;--We are interested in your ..
opinionfontpuch'of'the'Jtatements beiow, Your-opinions will
be-strictiy-confidential:: Do-not-hésitate to put:down exactly
how-you-feal-about each-item;::We-are seeking infovmation. not
compiimentsjy-please be frank, : ,

i,

2,

4,

5.
o as gronp dilcueaion on-the topic.

6.

-Instruction- such as this-is-one- of the mbst effnet;ve ways

~~to’ learn-new concepts, P - I RS
-1 2 T Wt uig

: Strongly-'g Disagree- Upncertain ... Agree. .. " Stromngly .
Disagree L v oo - AGTRE
There: is-a definite need: for the development- of more lessons

- of ~this typc. e i sl e

! . l :.r:"‘ .2 oL 3 U T
Strongly‘ - Disagree- . Uncertain .. . Agree-: . Strongly

Disagree ‘ S o Agree
. : ¢

I would rather learn-the material some other way.

T A T 5
Strongly . Disagree - Uncertain Agree-- - - Strongly
Disagree ‘ " Agree

I wouid'hiVQFlearnédfmbbe‘from;a lecture.

S N U T T AU PR pe S A ' SRR -
Strongly- -- Disagree = Uncertain - .. . Agree- :- Strongly
Disagree , : Agree

I would choose CAI instruction-rather than participate in

Strongly'-"ﬁisagreef Uncertain  Agree Strongly
Disagree : Agree
I learn-more from this- type-of- instruction than from' studying
-on my own,

w1 - 2 3 4 5
Strongly.  Disagree - Uncertain Agree: ' - Strongly
Disagres R Agree
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7,

9.

10,

11,

12,

13,

50

‘As:a:chcngo ofnpacc*fromrusual'claosroom activities the CAI
-lesson-was -welcome,

‘:‘._1 .,..‘. co 3 2 RN " . v,"‘. 3, S “ v 5
Strongly: . Disagreo -Uncortqin o Agreef<“ Strongly
"Diaagreo S vy ‘ V_‘ : B Agrea .

I (R i oW

Such-. instvuction doec not providc the necessary motivat101

“to- learn the subject,

otrongly Disagree“ Uncertain Agree ~  Strongly
Disagree . o Agree

In view: of the amount of time- invoIVQd, I feci too little
was accomplished.

\ =1 e mUBLe Q0 frwe RERPEEE: SRR LTy 5
Strongly Disagrce Uncertain " Agree - Strongly
Disagree o Agree -

\

This is not & very offioient way to learn.

Chais

-1 2 3 M 5
Strongly Disagree- - Uncertain ~ Agree - - Strongly
Dis‘g“e A L TR RV P e . Agree
My liking for this type of instruction outweighs my
'disliking.;'u

1 2 3 4 5
Strongly - Disagree - Uncertain Agree- Strongly
Disagree B L R Agree

I would volunteer to participate in an experimont like
this again-if I had the-opportunity.

3‘.‘:_x>‘
1o 2 3 . | 5
Strongly . Disagree '~ Uncertain = Agree: - Strongly
Disagree ) : ’ Agree

I would like to receive instruction of this type for an
entire - course sometime, °

Gy

PR S 2 3 L 5
Strongly:: Disagree - -Uncértain - Agres - - Strongly
Disagree Agree

o0
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14,. I feel that I learned enough from this lesson- thct Lt will
not be necessary for me to-attend the lecture-over: thzs same

material. e
12 3 Y SR
Strongly Disagree Uncertain Agree-—;‘; Strongly

Disagree o Agree

15. This method of instruction-could-be effective-but was not
- appropriate for-this lesson,

1 - 2 3 y 5
Strongly .. Disagree... Uncertain Agrea . .- - Strongly
Disagree . : o o - Agree

16, This method of instruction could be effective but this’
particular lescon was poorly-developed.

1 2 3 L 5

Strengly Disagree Uncertain Agree - Strengly
Didagree . ‘ : Agree

17. The simple'experiments made this lesson more interesting.

1 2 3 4 5
Strongly Disagree Uncertain Agree Strongly
Disagree . _ Agree

18, The simple experiments made it easier to learn-the concepts
presented in this.lesson.

1 2 3 4 5
Strongly .= Disagree Uncertain Agree Strongly
Disagree Agree

13, The film loops added very little to the lesson,

1 2 3 4 5
Strongly  Disagree- Uncertain Agree - - Strongly
Disagpee. .. .. ... . L .. . ,- Agree

20, The slides were more -of-a distraction than an aid-to-learning.

1. 2 ‘ 3 Y 5
Strongly . Diagree ° Uncertain Agree - - Strongly
Disagrees Agree

21, The CAI system would be just as effective for this type of
- ' learning without any additional visual aids.

ShF SED RN S 3 4 £
Strongly — Disagree Uncertain Agrees - Strongly
Disagree Agree

58 .



e e ot 5 S v A

52

The ‘next 4 'questions are to-be answered by those:who received
instructzon by -the - simulat1on version of tha lasson.

22, ' The-simulation of experiments-is a poor substitute for the
- - Mpeal thing."

i 2 3 | b S5
Strongly" Disagree - Uncertain Agree - - - Strongly
Digagree . ‘ : o Agree

23. I feel that I could-learn-more through the-actual manip-
- - ulation-of - the apparatus,

i 2 3 TR 5

Strongly - Disagree- - -Uncertain Agree- - - Strongly
Disagree o o Agree

24, Simulation of experiments-has-posgsibilities;-but the ones
- in this-lesson were not-'realistic..

St ' 2 3 ' B 5
Strongly ' Disagree Uncertain Agree - - Strongly
Disagree Agree

25, The quality of the simulations-should be improved.

12 3 y 5
Strongly -~ Disagree- Uncertain Agree ' Strongly
Disagree ' ) Co Agree

The next 4 questions are to.be answerad by those _who received
instruction by the laboratory.version «f the lesson.

26. ‘I feel that the manipulation:of the apparatus increased my
~understanding of the physics:concepts.

Sl 2 3 - | b - 5
Strongly - Disagree-- - Uncertain Agree - - -~ -Strongly
Disagree » L Agree

27, Setting up the simple experiments was more ‘bother than it
- 'was worth. .

2 3 Yy 5

Strongly  Disagree - Uncertain Agrze  * -~ Strongly
Disagree :‘ o ' Agree
28, I had di‘ficulty trying “to- fignre out how to set up the
-apparatusa, -
1 - 2 3 y )
Strongly : Disagree'_'~Uncertain Agree . - Strongly
Disagroe . : ' Agrees




29, -
-~ would-be-just as-effective: as-a lsarning aid,

30,

31,

32,

53

I think:that movies or-simulation ¢f the experiments

R} 2 3 - 4 5
Strongly - Disagree - ~Uncertain Agree - - Strongly
Disagree Agrese

The best part of this lesson was

The best way to improve this-lesson would be to

I would.like to make the following additional -comments,
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