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ABSTRACT
A computer-assisted instruction (CAI) physics lesson

on magnetism was supplemented with slides and film loops to provide a
simulated encounter with stmple magnetism experiments. Two groups of
students took the CAI lesson, but one group viewed the simulated
experiments, while the other group perforaed the actual laboratory
experiments. Since neither of the instructional modes led to posttest
performance indicating lesson mastery, the data was further examined
in an attempt to identify program weakness. Possible sequence-related
difficulties were considered -1 the light of evidence pertaining to
positive transfer. A hierarch/ of "conceptual levels" was predicted
for the lesson and used as a basis for an analysis of transfer
effects. Although inconclusive, the evidence seemed to indicate
positive transfer in the predicted manner and suggested reseqencing
the lesson as an initial step toward making learning optimal. Studert
opinion favored the use of the simulated experiments as a welcome
change of pace from usual classroom activities. (41Y)
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MULTI-MBIA SIMULATION OF LABORATORY

EXPERIMENTS IN A BASIC PHYSICS

LESSON ON MAGNEIISM

ABSTRACT

Laboratory and simulated laboratory experiences were developed

and integrated with a CAI physics lesson on magnetism. The relative

effectiveness of actual and simulated concrete referents as an aid to

learning abstract concepts and principles was investigated for college

students in a basic physics course. No differences were detected

between the two conditions with respect to posttest performance or

total instructional time.

A Post hoc, analysts of learning by objective was conducted to

determine the existence of transfer effects in accordance with a pre-

dicted hierarchy of conceptual deveLpment. Although inconclusive,

the evidence appeared indicative of positive transfer in the predicted

manner and suggested resequencing of the lesson as an initial step

toward making learning ortimisl.
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MULTI-MEDIA SIMULATION OF LABORATORY

EXPERIMENTS.IN A BASIC PHYSICS

LESSONON MAGNCTISM

Considerable interest has been generated-_concerning the

use of-environmental simulation-to facili.cate learning; The term

simulation-has been ascribed-a,number of meanings and connota-

tions-butriarits most general-sense-refers to-the-representation

of reality); In the context-of-the-present studyi-the'simulated,

environment-mode denotes-an-instructional method-designed to

provide-Andividual students,.with-a-substitute for-the-manipula-

tion-of-specific laboratory-:apparatus. More precisely, a

computerobased instructional-system-has been supplemented with

slides-andc:film loops to-provide-a-simulated encounter with

simple-magnetism experiments Feasibility studies,..of-this nature

appear-tol,e-,warranted-frouren-examination of,the,:potential

advuntages,..afforded by simulation of laboratory.::experieaces in

sciencet.education.

:Simulation may-offor:relief from some_off.the:problems

involving-.pace, personnel; and, equipment inadequacies arising

from-rapidly growing enroliments in many schooiss Brubaker,

Schwendemen; and McQuarris (10640 identified advantages of

filmed experiments over the crowded; mass production,:a-a typical

chemistrriaboratory for nonsmajorsi Most important of these

advantages-is-the familiartiy4rovided with experiments

7
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involving:principles that:the,students ara capable-o2 under-

standingthut requiring advanced:techniques and-_equipment which

are unavailable to the beginner.

Zinn-(1968) suggeste&that-Asimulation permits exploration

of-situations which maybe too--expensive, too-dangerous, or too

time-.consuning in real-Aititi.: Also-, the use of:simulation for

teaching-theorcatical concepts-which-are at the-.higher-levels of

abstraction-should be considered: -Blum and Bork-6.969) point

to-the,:prescntation of experience,:possibilities-An-a-spacetime

world-.for:rolativity studies nor%a:non-Newtonian universe for

experimentwAn-mechanicsi.--Relevant-laboratory-experiments are

unavailable for such theoretical-inferences.

Additionally, simulation-..may be able to%alleviate some

of-the-disadvantages that-accompany-the conventional:uso of

laboratory: (1) lack oftcoordination of instructional unit9

between the classroom and,.-.the-labovatory; (2).regimentation of

a-fixed meeting time for-Alm:laboratory and its:being:of limited

ourationl (a) schedulinvof:experiments on thw.basisiof equip-

ment-_availebility rathert.thancetudent need; (khrelegation of

thwiaboratory administratiow.to:graduate studenterwith limited

experiencw.and.unprovenccompetencevand (5) inefficient use of

time while -obtaining, maintaining-, and assemblin& apparatus.

While simulation appears.to offer many advantages over

traditional laboratory experiences, it should be remembered that

an-instructional mode represents a means, not-errand: Many of

theev:advantages would .have little merit unless-simulation can

faoilitate-Ait-least an equivalent.degree of learning. An
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investfcgation-..of the extent-of learning requires prior ident-

ification of:the specific7learningiskills of interest. Tt

should be pousible to identify some-of thece skills through

awexaxinationlof objectivis-of laboratory instruction.

:-The:laboratory movement his evolved from a need to implant

specifiw:Manipulativecapabilities in the prospective scientist's

repertory-:of-skills. Since,7.1abOratory science-.has become a

coimowzrequirement.for the7nongmajor, educators hale been

forceckto-Adentify new objeotivescto justify the-existence of

the-laboratcry.- Theserobjectives-.include, among others,

facilitation-.of concept-.and,:principle learning; development of

probies-.solving capabilities; and inculcation:of scientific

attitudesi: Regardlees-of Ythe-..expressed objectives, achievement

by,thernon.majOr is commonly measured in terms of concept and

principle learning.

7--.:Ther.relative importencel:of:concept and principle learning

ichoratory objective may be-debatable, but:as long as

oducatcra,:continue-totest for achievement in.thier:area, the

emphaels,..upon7desigof-lnetractiorr:to attain-:this objective

should te'coMmensurate, -The acceptance of thistobjective as a

roasonible one for purposes of investigation-necessitates con-

eideratiAa of-'the operational Lsage7of the terms"concept"

and-"principle."

1:':The.distinction betwcen concepts and prikciples appears

to-hcAincleer7to most science educators. Many of them would

tond-to!agres with Smith (MS) that it is impossible to sharply

differentiateprinoiples,, and even facts,' frOmconceptui Greater

9
fj
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clarity can-be-found when-one-turns-to the learning-theorists.

Ausubel-(1963) defined concepts-as-"unitary generic or categor-

ical ideas".-while-principles-are-"composite ideas that involve

meaningful-relational combinations-of concepts-that-are proposi-

ttonal:in-natureil- Gagne-(1965)-made a similar-distinction be-

tween-the-two-terms-but-cds.Aayed:more interest-in:their

hierarchicai:relationshiri The-problem of semantics:for science

educators:may-not be one great significance since:both-concepts

and:principles-are-used:to organize, to summarize ; -and-to gen-

eralize:::Perhaps-of-greater relevance in the design:of science

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

rhis:would:appear to be-in agreement-with the.assitrtion-by Gagne

---(1369):that:"abstract-concepts are:formally similar:to:principles."

Jiovak1(1969) suggested-the-construction-of-a-"taxonomy of

conceptual:levale-and contended-th't such a taxonomy would

provide-anatural-scheme!for organizing the subsuming-processes

described:in:the.learning-theories7of Ausubel (1S68)-: The closest

.Approximation-to this suggestion-appears to be the- "structure of

--organized:knowledge" presented:by:Olagn;(1966): This-structure

sugyestvan:orderi3g-of-principles-in the form of hierarchies

whichdisplay:the dependence:of:higher-level principle learning

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

More-recentlyiGagner.(1968, has suggested that "learning hierar-

obiesarec:descriptions-of the relationships of-positive-transfer

among !intelleotual-skillei but that-they are not descriptions

ofhow:one--acquires-verbalizable:knowledge." -Me-has:thus been

i!
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careful_to:differentiate "what the individual can:defrom "what

the-individnal-knows;"--In this skill context,-the:terms-"concept"

and."principle"-would-refer to the-capabilities-of-claseifying

and-rule4foliowing. This-distinction between process-and content

appears-to-be-one-of-considerabie-significance:for-design of

instruction-and-measurement of laarning outcomes.

--Gagni-(1568) also emphasized-that verbalizable-knowledge

and-sven-inteAlectual skills-can-be-acquired by learners some-

what-independently of presentation-sequence. However; learned

intellectual:ekills.will-be-found-to generate positive transfer

in-an-ordered-fashion regardless-of-presentation-sequence. This

.statement is not meant-to imply that positive transfer is un-

affected by-presentation sequence. One goal of lesson developmant

should-be-the-identification-and-utilization of. an optimal

instructional-sequence to enhance transfer among-learning events.

---The-present btudy was designed-to measure-the-rclative effect-

iveness-of:actual-and-simulated laboratory experience:for enhanc-

ing-the-learning-of a basic:physics lesson on-magnetism. Since

neither-of-these.instructionallmodes-led to posttest-performance

-that:would:be:indicative of lesson-mastery, the-data:was furthe%,

examined in:an-att.mpt to identify:program weaknesseSi It was

deemed-appropriate-to'consider:possibla sequences.related diffic-

ulties-in:light of evidence pertaining to positive;:transfer.

Specificallyi hiererchy of "conceptual levels! was predicted for

tw.-lesson:and-used.as-1 basis for an analysis-of-transfer-effects.

The:control:provided-by computer Simulation readily:permits the

alteration:of:presentation sequence for subsequent:attempts to

11
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identify:an:optimal-aequence: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-of:models-described

blvauthorsl.such as McMillan. and Gonzales (1968)-and Evans,

Wallacei:ard:Sutherland-(1968).oro7generally inappropriate since

they-are-basically concerned:with:systems utilie.ng-mathematical

modele;:7The7present investigation-has required-extensive trial

and-error7procedures to-develop-realistic simulations-of labora-

tory- experiences. .Perhaps:the7documentation of7.thisil)rocess will

prove-of.:valuerto-future-attemptuof-this nature.

-.7Instructional use:of:the-computer. Considerable-evidencE

has-been7accumulated to7demonstrate-the effectivenss7of-computer-

assistedinstruction-(CAI):as7a-learning mode::-Hickey (1968)

hasreviewednthedevolopment;:-application, and-results-of-inotruc-

tional uses of-the computer:in:a:recent surveyof7the7CAI liter-

ature; Additional reviews7of:the7edccational.applications of

computers-have been presentedriithe-books by.Bushnell-.and Allen

(1967):and:by-Atkinson and Wilson-(1969). There:appears to be

little-,doubt that CAI offers-extensive potential:asan-instruc-

tional tool.

._::Specific-investigationu in:the science area include the

Intermediate:Science Curriculum Study (ISCS) by:Snyder, Flood,

and-:Stuart:-.(1967) and the ea college physics.course:by Hansen,

Dick :.and:Lippert (1968). The latter etudy-reported:a general

1' CI
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superiority .of CAI instruction-:over co3ventional claeoroom

instruction; howeveri-an analysis.of-learring_by-topics revealed

instructional-weaknesses on certain CAI lessonsb These -weaknesses

hawbeenattributed to ineppropriete media selectiontby Schwarz

andACromhoot7t1968). They havw-posited that.student-_performance

on-these-Aessons could,be improved-1.: .A0 addition-.of-laboratory

atialternatemedium. This appears-to be in accord7.wittrAusubel's

(1968) suggestion that even mature-.students would:tend-to-fu.,:clion

at a relatively concretw or intuitive level whenconfronted with

.unfamiliar concepts and would7.benefit from concrateempirical

props to generate intuitive-:meanings.

Simulation of laboratovEammulele.. Recent studies

indicate,..:that-laboratory-:simulatinn-provides an-effective medium

for-:instruction. Wing-1966)-cites.pre- to posttest-gains for

concept learning through,theruse of multi-media simulation of

physics experiences. As a result of additional positive results,

Wing (1966) has advocated considerably more study of ways in which

simulation techniques can bR used in science instruction. He

further recommended departure from traditionalmethodology to

devise improved methods of instructing studentorin%science through

the :use of simulaticm,

The chemistry project conducted by Lagowski and Bunderson

(1968) at the-University of Texas appears to have the greatest
-

relevance tonthe present experiment: A preliminary field eval-

uation indicates that computer simu3atit.n ofqualitiative analysis
. , , -

experiments incorporated in a ela course produces the same

terminal behaviors as the traditional method with considerable

13
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-saving.in:student-time: Otaer chemistry simulations are being

developed-:but.field-tAst results have yet tobe-presented.

---Inla%survey of computersin physics instruction; Schwarz,

Kromhout,-andEdwards (1969) report the development-of a set of

electricity-and magnetism experimetts at the Thomas-J. Watsi

Research-Center of. IBM and the 6evlopment of experiments in

elementary-physics and chemistryby c'cience Research-Associates.

A number:-of:more sophisticated- laboratory simulations-have been

reviewed-by-Blum and Bork (1969) in another survey. These inno-

vations include a simulated-lligh:.energy accelerator, a 'simulated

maesspectzometer, and the -simulation of radioactive decay. The

instructional-potential of these laboratory simulations appears

toA)e:substantial, but-learning data is generally lacking at

present.

--.11,earninchierarchies: Convincing evidence has been accum-

ulated:in .studies of transfer of learning to substantiate the

existencewof-learning hierarchies'. Beginning with-the-Gagne and

Paradise-(1961) study involving-algebraic equation - solving, Gagner

has-amassedcconsiderableAata7that:suggest hierarchical deper4-

*noise-in-mathematics and science-. Kingsley and:Hall (1967)

have-.:reported-substantial amounts of.positive-Artnsfer of subor-

dinate-skills-to the final tasks in a derivedhisrarchy of cons-

ervation:skills. In another-study involving conservation tasks,

BeilinvKagani-and Rabinowitz (1966) found prior classification

training:to-provide greatercpositive transfer than- verbal training

to-atask-involving wator*leval representation.:..:Scandura and
0;11 ,

14
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Welle .i1967)_showed positiver.transfer effects..from.organizers in

theJorm:of:relevant rulesused:in-mathematical..games to learn-

ing-materials in mathematics:and-topology.

_Sequence of instruction. Although intuitively appealing,

the-literature provides-scant-evidence of any:dependence of

instructional-sequence upon-logical-ordering. -In fact, studies

such:as:that:of Payne, Krathwohli and Gordon (1967) suggest

just-the-opposite. The investigators found that-the-scrambling

of-fret...es:in-three programmed:lessons in educationall.measurement

did:notaffect -performanceon7criterion measureszof-_learning and

retentiona:.-These resultswere in- agreement with-earlier st,:dies

of-this-nature-condunted-_bRoe, Case and Roe (1962):and by Levin

and:Baker:(19F3).. Other-examplescould be cited:,-_but:the results

are-similar.

-4agner-(1969) implied that such findings-_merely-serve to

emphasisc:the-.need to clearly distinguish between intellectual

skills:and:werbelizable-Anowledge:when ordering:a sequence of

instructionrv.:Briggs.(1969) -euggeeted the dete-qination of opt4mal

sequencerAhrough the process of task analysisfollowed by empir-

icallyebasedt-revision. Ha has-identified a neeu.to perform

experimants,:ofthis type in many stbject matter seas,

Statement:of.,:the Problem

Thfrpresent investijation involved theAevelopment of a

Aasserron-magnetiswin-tbe7iimulated environment mode toparallel

an-existinvlaboratory vereiotrvirthe same lesson: The two

versions-weve-field tested simultaneously to'determine their

15
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--relative7effectivenessii Effectiveness was measuredtby:a posttest

derivs&frowsperformancs cblectivss,identifie&for:the lesson

aud7brther.total time required for instruction Due to-the-lack

of-mastery,Lof-the learninIgmaterials-by students instructed by

eitherLveraic, the dater-werw also examined.to:determine the

existence ,:of-Aranser effects in accordance withr-a:predinted

hierarChY:of:conceptual development;' Evidence,lof-:positive trans-

fer:wastr.ofinterest for sequence modification -during subsequent

revision.

Rationale of-the Study

:In awattempt to: reduce the difficulties,.encountered by

collsgestudents in an,unfrmiliar subject-matter,:areas-concrete

roferentsin7:the form of simple experiments werw.added-to a CAI

physics lesson: It wrs assumed that-concreteempirical-.p:ops and

174ilevant analogies-would facilitate:the formulationzof abstract

concepts and principlesi even for mature learnertsv-aw:suggested

by-.Ausubel (1968).Based on this assumption,-.it - was-theorized

that%the'simnlated environment mode would prOvidecconcrete refer.

-'ents,:for abstract concept and principle letrninglequally as

effeotiVeiy as laboratory manipulation. Additionally; -if simula-

tion.:could.facilitate equivalent:learning whilw.:conserving the

time.: required to sat up' and manipulate the laboratory%apParatue,

the-simulated.environment mode mould prove morer.effiCient.

, 'sr

as .0if" ('_;,
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The: following research%questions have_been_identified

-relativer_twAhe.present study:

-(1) .Do-differencesexist in-the instructional effect-

iveness of.e-laboratorTrsupplemented:CAI lesson

:compared to;azeimilarllesson augmented:with simula-

ted laboratory-experiences as measured:bra posttest

. :based on objectives:re/ated to conceptanthprinciple

learning?

(2) Are taere-differences:in the time-requiredfor students

-to complete:a-CAI-magnetism lesson:that:is supple-

:mented with-laboratory-experiences-compared to 11

-similar lesson that ia supplemented-with.simulated

laboratory experiences?

(3) :What are the-opinions:of students concerning the

-effactivenesevand-desirebility of receiving instruc-
,

:tion in physics by CAI supplerInted,.Nith either

-actual or simulated laboratory experiences?

. -(b) .What evidence of positive transfer-within-a-CAI lesson

:on-magnotism can be obtained from:an:objective-based

s.s--postteet to suggest the-existence.:of:a-learning

hierarchy?

17
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Learning:Materials

-Lesson-23: Magnets-and-Magnetism from the-FSUCAI Physics

Project-(Hansen, et al., 1368) was completely.revised:as-proposed

by-Schwarz-and-Kroalhout-(3968). The format was-altered-to include

the%performance of simple experiments at appropriate times within

tho-leason;:-The experiments added-Ao the lesson -.wei.0%related to

the-fielthand-force properties associated with.-..magnets and

magnetism; Further revision:of the lesson followed:on-the basis

of-the-results-of empirical:datanobtai'Ad during:subsequent

formative:evaluation.

-----Forzthe-present-uperimenti the identification:of-perform-

ance-_objectives for the-previously developed magnetism-lesson was

desired; Since objectives forthis-lesson were unavailable, it

was-necessary to derive these objectives from-an-analysis of the

laboratory-:version of-the-learning-materials end-have them

substantiated-by the originalAuthors. Based upon-the derived

objectives,* test items were-prepered and the learning-materials

-were:modified. Lesson:modification-involved. the:replacement of

all laboratory manipulations:by-seemingly appropriate:simulated
\

experiences.

.The decision to-modify an existing lesson-was:based upon

several advantages which. -nee of these materials had-to offer.

Firsti the authors had-been closely associated with the Physics

107-program atFSU and were well aware of the-course objectives

and:content and-of the-student capabilities. -The,:use of these

1P1
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matprialc:provided-an-opportunity to'capitalize:_upon7;the7.extensive

experience%of-,:the.authors irr:the develcpment,:of%snch::materials.

Second4%sinCe7thislesson was:designed to fulfill:the:same object-

ives-writhe:corresponding lesson.in-Physics 10?. - coordination of

the,Aata-:collection.with-the .time .schedule of.:the=:_physics class

ensured:-the:availabiltiy of subjects with the :.requisite entry

behaviors:: Finally, the -laboratory experiments used in thi8

lessow-could:-be readily-simulated within the technical and time

constraints:imposed upon-the-investigation.

-7 :Modification of the':existing -instructionalsequencc was

highlyrestrictive.in nature. For:experimentalpurposes,.it was

desirable:to-.have the two7versions:of the lesson identical in

every-respect-except ons,,,nameln the laboratory experiences.

Each-manipulative tarikwas replacedwith an appropriatecomputer

simulationz:Color slidea were utilizea to display:-..the:eimulated

apparatuerand-its manipulation. All verbal exposition-and .

Socratic:dialogue that-.did not pertain to specific:laboratory

-experimentation-remained constant.

Task-Analysis

iThe-_physics lesion used in the present study can be

desOribecka:aninstructional sequence designed:to:enable the

student:to:formulate a model for magnetism which- explains, or

-isf:consistent:withsobiervable magnetic phenomena). An'analysis

-ofAheAlivisting laboratory version of the.lesswidentified the

sories:ofevents contained in Appendix A.. Further-analysis of

-thoser-eventsr:sriggested their organization into the four major

Iserniniptmeke-foundjm-AUgure 1. .These objectives and their

10,
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Jj.

Task IV Formulatiww:theoretical

concept-of.magnetism

Task II

-Identifying

magnetic field

properties

needed to

formulate a

theoretical

concept of

'magnetism

`1!':; ,--':''., .,:,'.; ;.:/.....7. ,r,i

.."...

Trek III

Identifyig

magnetic force

properties

needed to

formulates

Theoretical

concept of

magnetism

TeskA.,.4dentifying'the%ittributes that delineate

". conorote
. .

concept701-magnetism

Figi-.1p,Organisation of learning:tasks in the-lAysios lesson:
Magnets. and Sagnetism.
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-predicted,Anterrelationships:are:inaccord with-..theoerformance

objectives:identified-in:Appendix B.

-T ask ni-involves-the-learning-of the concept -of magnetism

-at-a:concrete:level whichr.-enabinsr.xhe classification- of-observable

phenomena that are related 7to:the,!properties.of7magnets. Task

IV7involves,-,:the--formulation-:oflan7:abstract or,:theoretical concept

of-magnetism which provides-_.ar-reasonable "explanation"' for the

class of phenomena-that,:constttutes-Task I. To:-enablelthe student

to-move-from-the concrete-to-the-..iheoretical level ;-tasks II and

III-Trovide,:experiences:related:tolthe propertiee-of magnetic

fieldsvandAnagnetic forcewiespectively. Task:recuires the

abstraction:of these macro:fieldrand force properties:to:"explain"

the: phenomena of magnetism rby-simiier properties: on: a: micro scale.

-A:hierarchical relationehip:has been predicted to exist

between these major tasks:-and:between the subtasks :.within them

as:indicated:in Figures-:21.andA::.Evidence of. positive transfer

betweenrthem-tasks anck.subtaskw:woud provide,.-.support for the

exiateacemof:such a learning:hierarchy. Although:the: sequence

of-instruction:was-in- the7ordemgiven-in Appendix:t4 it should

be-recalled that Gaga' (12607.has:suggested that:learned intel-

will generate:posl.tive transfer-regardless of the

presentation'sequence.;In
Tist:Insiruments

A:performance measure was developed for.. assessing the

extent.oLlearning relative to each.-subordinate_competency of the

idoiltifiodiperformeheeObjectives: Yrhislinstrument-wits

?1
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TASK IV

'(b) Explaining
the fact that I
magnetic po1es

cannot be _

isolated.
A

_
(f) Explainin

(d) Identifyin
Vlectrons in
toms as the
source of

urrent loops

ferromagnetism

[(e) Explainin
tthe-attractio

of-magnetic
materials

1

to magnets

_L_L-_-___LL

(e)Idanefying
current loops
s-the source
f-mcgnetism
n perm, magnate

7c--

,1

, 1
P - - -1J

I TASK

II

f

,J

1

I

(a)Identifyin
the shape-
of magnetic

lines
of force

1

(b)Identifyin
the forces
between
magnetic

poles

16

(c) Explaini
the closed
paths of

magnetic lin
-of force

c-c)Identifying
materials
that arc
attracted
by magnets

EON. MS. &sr

d)Identifying
the that
;natio poles
cannot be ,

isolated

Fig, 2,-.Predicted-hierarctioa/7relationship among-the-subtasks
of Taskl, Teske 'IIand-/I/I aild the subtaskir.ofTalik IV,
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TASK. II

(d) Predictingg
direction ofl
a field around
a current-

carrying wire

(f)Identifying
orientation
of maximum

field
intensity

'Se/Identifying
concentration

lof-field lines
in center
of a loop

ir

c)Identifyin
hapt of fiel

1 lines around
1 a Current- !

IcariyIng wire

i(b)Identifyin
effect of r-

1 refersing
1 current upon

a field

1(a)Identifyin
, magnetic
field around
a current-

'parrying wire

1

TASK IV

(eIdentifying
effect of

a field on
a current-

carrying loop-

TASK III

(c)Identifying
direction of a
magnetic force
relative to
veloc. 6 field

(b)Identifying
the nature

of a
magnetic

force

(a) Identifyin
the force

exerted on a
charge by a

magnetic fiel

17

(d) Predict
direction of
a magnetic
Force on a
moving char

wlIP:-

, .4 I

TASK I

Arm. ....I.E. me

h

Fig. 3.--Predictedhierarchicalrelationship among-the-subtasks
of-Tasks II and III.
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administered-as a pretestto-the control group and as a posttest

to -the-two-treatment groups: Although the posttest data yielded

a-K11420 reliability of .85-(k = 21), t"..e use of correlational

methods%to-demt.omine an-estimate-of-relicAlity was not deemed

entirely:appropriate, particularly-for transfer. considerations.

Greater-dependability in-the-:assessment of learning of each

subordinste.competency.could-have-been expected :from-.the use of

two or more-items to measure-the-.attainment of-each subtask,

but unfortunately this method.-.-was-not adopted in.the present
. ,

study-. In terms of content;--the- instrument was.validated by

three-phyaicer.instructorvmho-ludEsd the items to.adequately

represent-the-objectives.

A- second instrument-mat:developed for the purpose of

ascertaining-student attitude :and.opinions concerning various

aspects of-the instructional-:modes%used in the-experiment. The

primary-purpose. of nollecting-this-informationmas-for consider-

ation. during-revision of-Ahe-learning materials, The first 21

items. of the- :scale were-.administered to all experimental groups.

Three-items-(1S, 16, and-,11)-thatvere found to' be-.ambiguous

wercsiubsequently deleted-:prior%to.scoring. The-remaining 18

items yielded-an alpha reiiability.coefficient of .91.

Subjects

Subjects,(Ss) were:randomly.selected from a_groupr.of Physics

'107-volunteers at FSU.-::Ther!selection of Ss from.student volun-

teersl.were2necessitatedbytthe-factthat all Ss.were.held respcTle-

ible:forthe-learning matterialtr:ow:sucququent. examinations in the

.-coureePerformance data-obtaitate-.from a midterm: examination

C1A,
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administered-.prior tothe:investigation did not_reveal any

systematic.differences..amonvgroups:or betweerr:Ss and the

remainder of the class.

batIratus

-The IBM 1500 Instructional-.System was .used-.to direct

and monitor the activities:conducted at each instructional sta-

tion. The following equipment:wasinstalled at-:each station

for the experiment: IBM- 1510 Terminal and Kodak Carou5e1 35mm

slide projector. The laboratory-=stations had :the following

additional apparatus: DC power supply, copper wire-,-.bar magnets,

and- a.small magnetic compass. All Ss shared one technicolor

Super 810 film loop projector with Accompanying. Sawyer Mira

Screen.

Emarimental Desiga

--...--The-design of thisl.experiment was similar-to:the"Posttest-

Only-CoLtrol:Group Design" of Campbell and StanleyA1963). The

design .differed in that a sAoond treatme:ht groupws added.

Primary :interest was focused npon performancu.differances between

--the.:tuo.:treatment groups: The .control group waa..included to

determinewhether either treatmant exerted a positive-.influence

upon-performance.

Procedure

The experiment was conducted:at the FSU #CAI Center immed-

iately prior-to instruction of simnel., material in the convention -

sl:conrsea Tiring was critical since Se were expected to possess

requisite ,:ontry-behaviors but to have received no formal

instruction-at.FSU over-material used in the investigation.

25
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The- first- phase -of- the--experiment involved :procurement of

Ss All_students-enrolled:in:Section 1 of Physics:-.107 at FSU

during the Fall, 1969-70Quarter:were invited to:perticipate in

the-experiment. The-fifty-volunte^r So were randomly-assigned

to-one-of:three.treatment:groups (Li-St or C)-as-they-reported

for-instruction at the-CAI Center: Each instructional session

was-limited-to six students due to constraints-imposed by

facilities-and-equipment.

The-ntudents assigned-to group L(16 Ss) received-instruc-

tion-by the laboratory version-of-the magnetism-lesson. Group S

(16Ss) was instructed by the parallel, simulated- laboratory

version. The-posttest arad-attitude-measure were-administered

individually-to each S in-the treatment groups-immediately upon

uompletion of-the lesson.

Group C (l8Ss) was used as a control to establish-baseline

entry behaviors. The performance measure was-administered indiv-

idually-to-these Ss-as a-pretest followed by irstruction v1a the

simulated:version cf-thlearning-materials. -Group:C received

only%the:attitude measure followingthe instruction.

Total instructional time for each S was :ained from the

ussros file of-the computer-system. Addition ly;'the midterm

examination score in Physics 107 was procured for-each S from

the-professor of the course.

..,Results

The results of the experiment should be considered in
. _

light-of-the-identifiable Itmitationsof the data For-the

2E1
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assnasment-of-learning-outcomesi-Gagne (1967) suggested consid-

eration-.of-Ahe-cheracteristics-of-distinctiveness-and freedom

from-distortion. Post hoc analysis-of the items-used in the

performance:measure indicated thcir-general failure to be

distinctive:in-two respects. Many-of the items-appeared to fail

in:dietinguishing'between the measurement of different intel-

aectual-ikills and/or between intellectual skills-and-verbaliz-

able--knowledge; In particular, a.iailure to discriminate between

sol%ing.ability requiring the use of the righta.hand-rnle and the

Zeitruing-.ofprinoipies related:to-current loops-haS-been noted

on-itsms-10-and 16. Distortion due-to interference-and distrac-

tion-eppeared prevalent-on:items 7, 9, 11, and 14i For example,

the-word "perpendicular,u which received much emphasis in the

lessoo; attracted a eisproportionat3 number of-incorrect choices

on .items 7 and-14 and the7figures:usvd in items-9-and 11 had a

seemingly adverse influence-upon-responses. These-factors

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

---Instructional-effectiveness;--The effectivenss-of the two

instructional-sequenceslwas-measured in terms-of-posttest

performance:and-total instructional-time. The.results-of these

measures%are-shown as means with aesociated standard -deviations

in Table_l_along with the mean score of the control group on

the.same:performance measure administered as a pretest.

Instructional:time VAS not recorded for control:Ss because

suitable:experimental control could not be exercised-over their

instruction:and-no-posttest was administered.

27
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TABLE 1. --Means and-standard-deviations of test
performance and total instruction time

Condition

r.a
Measure

Test- Performance Instructional Time (Min)

SD M SD

Laboratory (L)

Simulated-Laboratory (3)

Control (C)

11.8 , 3.3

11.2 2.8

5,8* 2.3

84.7 12,4

86.3 13.8

**

* *
Received-the criterion. measure-as a preteet.
Time -was.-not recorded.

28
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Since-the effectiveness,of7the laboratory version of tie

lesson-had,not been previously-established, a.t..test. was made

comparing-this-condition-with-thecontrol conditions' his test

for- differences between-meene%cn-the performance- meaoure yielded

<.01). A-comparison7of posttest-.performance for

thetwotreatment conditions-provided no evidence-of-the-superior-

ity-of-either-laboratory7or7simulatedlaboratory%asalsupplement

to-CAI,.itoitruction. To--providivanr-indication-of,theeffectiveness

-of-tneinetructional'sequencee:by-individual objective, Table 2

container:the-.proportion eof-7correct-:responses for -each .item of the

performance-:measure. SYStamitiondifferences between the two

treatment-groups are not-tapparant.

-Thertotal instructionai...time-required for:-theAeboratory

version-of-the-magnetism-iesson-mas-compared with-the.time-required

-.for:instruction by thesimulatethlaboratory versicm.-....Under the

conditionsof-.tha present-:experiment, no differences between the

meen:lnetructional times,.for7the-two-versions were revealed by

a-t-teat ,it-should be-noted;-however, that.approxim,,tely 15

minutes of proctor time-was-required to preparethe-laboratory

condition prior to ea.%administratien of the. experiment thus

Saving :at least an equivalent-: amount of student time.

.:The attitude scale:WastAdlinittered to all.Strin%an effort

-to-derive-7opinions concerninirthe7:effectiveness.of..the-experimen-
,-!?

tal:,conditionss. Since there::wasnno.:.way for ther.SeAo:compare the
S

two:7conditiones the-data 7:refiect-,opinions concerning the CAI
> l %; t ^ -

presentation:-.mode supplcmentedr:with-either actual-or-. simulated

concrete- referents. - u

Fo.;;
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TABLE..2.44Proportiorroorrect-:by-Jitem.and learning
:taskon-thor:perfvrmance-measure.

Proportion Correct

24

11111MOIMINIML

111111010

Test
Item

Learning

Task

Condition

L

IMIIMIMITIIM1111=i111L

S C

-
1 Ib .88 .88 .94
2 Id .75 .75 .22
3 Io .94 .8: 1.00
4 Ia .81 .75 .33
5 %a .75 .75 .50
6 , ,IIb ,94 .94 .72
7 II0 .31 .50 .58
8 , Ilia

:
1.00 .75 .06

9 IId .19 .38 .28
10 II. .56 .50 .17
11 IIId .31 .31 .06
12 4,. . IiIb .88 .94 .11
13 IIIc .38 1.00 .06
14 IIIe .31 .06 .17
15 lIf .44 .56 .22
16a IVa .., ,25 .44 .06
16b. IVd .38 .44 .06
16c. IVb .00 .on
16d IVc .06 .38

..00
.00

16d ..f,_ IVe f,.' 44 .25 .06
16f IVf .19 .19 .06

TABLE: .-Means and standardAeviations of an
attitude- measure::concerning CAI
Ametruction-supp1smAntel with
-concrete referents

Condition
411110110

Attitude Measure

Laboratory (L)
fiClj

iisulated':Laboratory (8)

Control (C) ,1r7?S r.

SD

60.8 13.3

62.3 8.8
1.t 69,1 7.1

Ow.

A valueof-64 would represnt-a7neutral.att.tude.

9a
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A total score of 54 based-upon-three points per item would

reflecteneutral attitude:toward :the instructional sequences.

On-thiebasisi 41 Ss displayed:.a.positive reaction to the

sequence compared to aight-negative reactions..-There was general

agreerent that-.the-oimple.experiments ,(3.96)*-and-sliOes (4.04)

were facilitating in the-learninuexperience and-t:7at there is

a definite:need for the-development of more lessons-cf:tnis type

(3.92)::.Most:of the students:emphatically agreed-that-the lesson

waea:welcome-change of pace-from-usual classroom-experiment in

the-future (4.04).

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

transfer:among learning:tasks-should emerge frow-the-pass-fail

pattern- between adjacent relevant-tasks and subtasks: Accord-

ingly-veuccesewith a higher task following success:with a lower

task (++) or failure to succeed with-a higher-task-after failing

with a- lower: task ( :-) would constitute evidencein- support of

-positive-.transfer. Success with aitigher task-following failure

with-a-lower:task (+-) would be:in..,contradiction-.of-theories of

positive :- transfer. Higher failure following lower:success (-0

vould-provideno transfer data but would indicate-poe:.nts at which
. _

the-program:becomes ineffective for-particuler.Iearners. Since

the-instructional sequences were identical and.sinceno.evidence

was found to suggest that the posttest snores for-the-two treat-

ment-groupswere from different popalations, theTdata-for these

two-groups-were combined for the:investigation-of-transfer effects.

*Denotes mean score on the associated test item.

31
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The performance patterns for predicted hierarchical:relationships

between:!highero.leveland relevent7lowerleve3 ttasks:and-subtasks

are-shownin-Table 4. Thenuppernpart of the table:shows patterns

relatinuthensubtasks withiw.tasknIV-to tasks'II:and-III and to

relevant-subtasks withintaek I: (Since several-items-in tasks

II.and-TII1gere.judged tobesuffering from distortion effects

and-lack :of-.distinctivenessysuccess was arbitrarily:defined to

be-4-passes-out of 6 for:task-/I:and 3 out of=6.-fortask III.)

The lower part-of the table-displays a breakdown-of transfer

patterns-within tasks II and III.

The final colurl indicates the proportion:.-of-instances

consistent- with-the predicted hierarchy of taskt7and:subtasks.

The-evidence:for the existence-of such a hierarchy would have

to-be-conoidered far from conclusive on the basis:of:the present

study; : However, it is not p.)ssible:to differentiatetbetween

instances.of:deviation from the:hierarchy and-instances-of dubi-

ous:.datal.resulting from'an undependable performance:7Measurement.

Correct responseresulting:from-guessing on the - multiple choice

items would tend to bias:thenproportions downward -due-to a dis-

proportionate increase inscolumns::(3) and (4)::::Blue to the

.conservative manner-in.which-the-:free response- items -were scored,

these-items-were rescored givInrSe.the "benefit-of-the doubt"

and-the proportions in the-upper -part of the table:were recalcu-

lated: The new proportions nwere-found to be approximately .10

greater than those reporte&inTable 4.

32
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TABLE 4. - -Pass fail patterns-of:alhievement between-adjacent
lower-and higher:level:relevant learning tasks,
and.proportion-of:instances-consistent with

. predicted.positive-.transfer.

Transfer-to'

task or subtask

II from Ia
III from 11)0
IVa from
IVc from Id,IVa
IVd from Ina
IVs from Ib,o,

IVasd
IVf from IVs

ITa from Ia-
lib from IIa
IIo from IIb
lid from II0
lie from-Ile-id
IIf from II.

IIIa from Ibic
:In from IITa ..--
Me from lilt
IIId from Mc
III. from I//o,d--

.11

Ac?;
0).X

Frequency of pass-
foil pattern-Higher

Lower
Total testable:-

frequency-

Proportion instawes
cousistent with
poshiyetransfer

(1)
++

.(2) (3)
+-

(4)
(1) + (2) +

(1) + (2)rrr1-711-4-177
13 5 2 1? 20

.1111Sf
.90

20 1 6 5 27 .78
5 13 6 8 24 .75
9 17 4 2 30 .B7
3 16 5 8 24 .79

0 21 9 2 30 .70
21 2 5 27 .93

21 4 3 . 4 28 .89
22 0 8 . 2 30 .73
12 1 1 18 14 .93
4 14 5 9 23 .78
3 14 -, 14 1 31 .55

12 11 4 5 . 27 .85
24 1. 4 3 29 .86
25 0 4 3 29 .86
27 0 '..., 2 . 3fl .90
10 2 0 20 12 1.00
4 20 2 6 .- 26 .92
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In an effort-to:determine-the-credibility:of:the7predicted

hierarchy relative to%other conceivable.hierprchies; a table

of conditional -probabilities for all possible:responsepatterns

was-computed: The probability:of-mastering task:Xi-given that

task :X1-has:been mastered-should-indicate the-degree-to which

r7;edictable:relationships:obtain:among the various:tasks. Since

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

-the-predicted:hierarchy; these-.results have been-presented in an

order-similar-to Table h: Table:5-contains conditional probab-

ilities:related to the major:taskirand to subtasks-within tasks

I-and:IV:calculated with-the7data:obtained from-rescoring the

measure:of:Task IV performance: Table 6 includes conditional

prcbdpilities :of success within -tasks II and Asterisks iden-

tify success probabilities pertaining-to the predicted hierarchy.

TABLE:Sig-Probability of-responding:correctly to the
test item corresponding to task X2 given
thattask-Xi is mastered.

\c2

X
1
\Ia

PCX
2
X
1

)

Ib Ic

InwlmmMI,

Id II III IVa IVc IVd ?Ve IVf

Ia .88 .84 .80 .52* .88 .72 .44 .40 .56 .32
Ib .79 .86 .7b .50 .79* .68 .46 .39 .54* .32
Ic .75 .86 .75 .50 .82* .68 .46 .46 ;50* .36
Id .83 .88 .88 .50 .83 .79 .58* .50 .58 .42

II .87*.93 .93 .80 .87. .80* .47 .40 .67 ,47
III .85 .85* .89* .77 ..50 .73* .50 .42 .54 .31
IVa .86 .90 .90 .90 .$7* .90 .67* .62* .76* .48
IVc .79 .93 .93 1.00* .S0 .93 1.00* .64 .71 .50
IVc .77 .85 1.000 .92 .46 .E5 1.00* .69 .54
IVc .86 .94* .86 .86 .63 .86 1.00* .62 .69* .62*
IVf .80 .90 1.00 1.00 .70. .80 1.00 .70 .70 1.00*

TIM.Ea 471=1 pgrdrEfeWa, er.
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Tablea_5.and.6.contain:probabilities which,represent the

) degree:to:which successlwith:a:given task or subtask can be

prodictedifrom.aucesevon:another:taek-or subtask:_ Since mean-

ingful:probabilities_are:predicted:when-task X, precedes task

X2 .theAnost:significant:information:reghrding-adjacent tasks

is:foand:above the diagona%::However, since inla perfect

hierareby.:all:valuss below:theAiagonal would-be:1.00, the

extantto:which these values-Aeviate-from 1.00-gives as indication

of-the-degree-to which the-hiararchy-approaches-the ideal. Again,

the:retsults-Awe inconclusive:because-of the dependability of the

data.

Discussion

Based upon the theoretical positi,:r. that:thesimulated

environment-:mode would.facilitatc concept and-principle learning

in-science-:in-a manner similar to thLt of laboratory:experiences,

-the:present:pilot study.investigatedthe relative:effectiveness

ofthe:two:Instructional modes: Additionally,.an.attemrc was made

to identify evidence-of:positive transfer between-learning tasks

for-the purpose.of sequencing the tasks-durirg:furtherirevisions

of .the learning materials.

No evidence was obtained:to suggest that-simulated laboratory

experiencec.are.any.less effective:than-the performance:of simple

experiments:in-providing concrete:reterents to aid:in-the learn-

ing-of-abstract.concepts and principles: The results appecr

to suggest_ the merit.of continued attempts-to:design-appropri-
A

ate laboratory y-simulationsi particularly when limitations can
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be identified:for.actual:3.aboratory:manipulationsi Somerof

the:laboratory:limitations that would:tendto:enhance:the fees-

include:health-hazardsi:exceesive

costsi:constrtints imposed by overcrowdiagi.a7A:unaveilibility

of.:appropriute.:ex...ariments.-

The possible differenceo:in..:student time-required for .

instruction-were deliberatuly..negated-in the-present-study be-

uause.:of:the:limited avaDebilitvof the CAI system1.Theidecis-

Low:to...set:up:the laboratory.:apparatus in advance7was sad. to

-ensnTs..:adequate time for:a11:315:.to-complete the:instructional

sequenpei..:.IUtotal instructional:time were redefined:tO include

proctortime:for preparation:of:the:laboratory7condition, the

results:would.tend to favor the simulated-environment mode.

Howeveri:since expericnce:eeems to indicate.that:laboratorytime

ie.a functiuw.of the specific:experiment of interesti:any attempt

toionoralime-.with respect:to time differences:would..entail

considerable:risk end probably:should-not.be.attempted.

3tudent..opinion tended:to:favor the-use7of-conurete refer-

ents.in-Aissociation with.CAI over other-instraitional methods.

The-general:consensus thatAha lesson was a-welcome-ohange of

pacs.from:uslel classroomacti4ities is of particular interest.

This expression appoars.to:suggest:continued.investigation of

potential:innov. uses:of:various-media.forms-Ao promote

greater:student interest.

Due:to_apparent distortion:and-a.lack-of:distinctiveness

in the test items..the.results:weregenerallyinconclusive with

respect.:to:positise transfer:throughoutthe-predicted learning
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hierarchy..:While.the existence:of:the:predictethhierarchy could

not be:substentiated%neither:coul&-it-be-rafutedi:Enough

scattere&bits:of evidence:were:revealed; however; to warrant .

resequencing:of.the lesson:and:investigatinufor7indications of

positive-transfer with a:more:appropriate-criterion-measure.

Extreme-rcare:should be exercised:in-restating-the:objectives

and-in devising the performance:measure in an-effort:to:differen;

tiaterbetween:various inteliectuai:skills and-between-:inteIlect-

ual.skills:and verbalizable:knowledge.

Verifcation of the:predicted:hierarchy could:conceivably

shethlight upon NovakIs_C1989)1-suggested "taxonomy:of:conceptual

levels:" TheAlierarchy.in:question:identifies:three-possible

levels:of:theoretical concept:development, Task T.could be

considerethan:identification:or:classifivation:stage where attri-

butes:of:the:concept are:delireated:--Tasks II and III appear

to:constitute-:a developmental:stage:where concrete referents

are_used to provide experiences:that:arecongruent with the

theoretical concept to be:abstractedv.The-final:etage-might be

referred to as a formulatiOn:stage:where-the learner:.builds a

"mental:model" which subsumes:the:concrete-concept along the

analogous:concrete referentsi:-The:formulation of theoretical

concepts:appears to require:some:undefined intellectual skill

related :to:the process-of abstraction through:the use of

analogies,
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The:attempt.to substantiate:the existence:of:a-learning

hierarchT:generated-more:questions:than answers. Some of the

questions:which-appear:to:be-deserting of further investigation

include.the following:

(l) What is the evidence-reiated to the existence of

hierarchies of-verbalizable knowledge?

(2)-...To:what extent-can:intellectual skills:be:differen-
-

tiated from- verbaiizable knowledge?:_Can.skills be

identified-that ire 11content-free"?:7TheseAUeitions

?, Alave:implications-forIthe-formulation:ofprocess goals
. .

in education,

-(3)::What-is the evidence:that-would tend:to:support the

.existence of-a-taxonomy:of conceptual levels?

.Can-the process:of-formulating abstract-7concepts be

diffsrentiated:fromTprinciple learning:and:rule-using?

(5)714hat is the-appropriate=role of subsuming:processes

7i.n-a learning-hierarchy?
. - . .
-The-answers to these:questions would prove:invaluable in

the:designAuld-sequencinrof:science-instruction.
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ANALYSTS OF LEARNING TASKS IN 'HE LESSON:

MAGNETS7AND.MAGNETLAH

43



www.manaraa.com

38

1. Observing the effect-of a magnetic field upon magnetic
materials.

2. Observing:.:the affect:nf7briuging like and unlike-magnetic
poles: together.

3. Observingthe effect7:of7bxeakinga bar magnet:into smaller
pieces supon-the-magnetic Poles. '-

4;--Mapping .field Vatesnand.observinutheir shape.

5. Observing:the existence of a magnetic field::created by an
electric-current-flowing-through a wire.

S.- Observing-the relationship between the direction-.of current
flow.and:the direction-of the-magnetic field-:crested by the
current. -''

7, Observing-the shape of-magnetic'lines of force-created by
a current4carrying wire.

8. Observing:the effect of an external magnetic-field upon a
current carrying wire.

9. Predicting-the dire.tion-of-the-magnetic lines of-force around
a-current-carrying wire'with-the aid of the-first right -hand
rule.

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

11. Predicting-the direetiorrof-a.magnatic force-with.the aid of
:he-second-right-hand rule.

12; Observing-the nature-of:-.the:force exerted :a-magnetic field
upon a:moving charge.

13. Observirg:the relationship:between the directions=of current
flow:and-external magnetic7fieldi and the direction of .1.
magnetic force.

14. Predicting-the behaviorofa-current loop placed:in:a-magnetic
field.

15.- Observing:thata magnetic:force7has maximum intensity when
the-magnetic field is-perpendicular to the:direction of
current -flow.

16. -Considering the existence-of:current loops:in-magnetic rat-
erialsto-explain observable-magnetic phenomena.

44
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17. Considering.the-existence:oficurrent loops-with magnetic
poies:atIthe.molecular:level:as an explanation of the
inability-to isolate-magnetic poles.

18. Considering the-existence:of-magnetic lineaaof:force which
formclosed paths at-.the-moleculat, current41oop-level as
an-explanation for_the-aose&paths of magnetic field
lines-_observed'for:magnetim:materials.

19. Considering-the-motion:of-electrons in atoms-and:moleculeS
asa7possiblesonrce:.of:current-loops in:magnetic:msterials.

20. Considering the orientation:ofcurrent loops-comprised of
unpairethelectrons-as-a-sonrce-of magnstiarvin.magnetic
materials.

21. Coneidereing 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.
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I. The:studentwill'be:abler,to:identify the phew::len& WhiCh
a:modeitfor-mignetism:wouldnneedto explain.:r,These,phen-
omena:which-Chwacterize:magnetilm and which:differentiate
-propere.es7of Magnets!fromnproOartiee of charge* are:,';

-a: Magnetic lines of:forceform closed-paths:but electric
lines-of force-begin:and:end-on the'charges, (4)*

-b: Magnetic poles and-charges-are similar;-inApoth cases
like-repel and unlike-attract. (1)

c. Some-materials are-attractedto magnetn:but.others
are-nots (3)

d. Magnetic poles differ:from:charges in thatnpoles coal-
not:be-isolated-while:.charges can. (2)

II. The:student will be_able:to:identify the magnetic field
properties-upon-which-a-model:for magnetism:can-be built.
These:field-properties:whichrare-associated:with:a-current-
carrying:Wire are:

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

b. The-direction of-the-magnetic field around-a wire is
reversed when the-direction-of the current-is-reversed.
(6)

Magnetic lines of-force:form concentric-circles around
a:current-carrying-wire. (7)

di The:direction of-the-lines-of force around:a-current-
carrying wire as-predicted-with the aid of-the first
right hand rule. (0

ei Coiling a current4carryinuwire into a loovvill concen-
trate:the lines-of:force:at-the center:of:the.:Ioop. (10)

fi The-maximum tagnetic-ifeld:intensity around. -a current-
carrying wire loop:is:perpendicular to the:loop at its
center. (15)

III. The:student will be-abie:to:identify the magnetic force
properties-upon which-a-model:for magnetism:can:be built.
These:force-properties:which:are-associatedwith:a-magnetic
field are:

a: A-magnetic field-exerts:a-force on a movingncharge, (8)

I); Magnetic fcrces-arenonly:deflecting in- nature -and do no
work:upon a charge. (12)

* Indicates test item constructed to assess attainment of this objective.
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c. The:magnetic:for0e:exerted:on-a charged7partic1e is
perpendicUlar-tothetdirsctions of bothr.tha-velocity
and:the-magnetic:field. (13)

di The:direction of:the:deflecting force exerted on a
current*carrying:wire:by:a:magnetic fieldai:prediCtea
with:the:aid:ofthe:second:right-hand-rule. (11)

The-orientation-of:a-current..carrying wire-loop in a
magnetic field. (14)

IV. The_student will be able:to:utilize a theoretical:model for
magnetism:to explain-the-phenomena which characterize megne.'
tism-i--The-phenomena-which-willbe explained.by the student
are:

ai The-source of magnetism:in:a permanent.magnet. (16a)

In Magnetic poles cannot:be-isolated. (16c)

ci Magnetic lines of:force:form-closed paths. (16d)

:1:- The:source of.current-loops-in magnetic:.meterials. (16b)

e. Some:materials are-attracted-to magnets:and others
are:not. (16e)

f: Some:materials can:be:permanently magnetized. (16f)
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MAGNETS AND MAGNETISM

CRITERION TEST
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MAGNETS AND MAGNETISM

CRITERION TEST

43
,

Select-the-.best-answer to each-of -the following-items-and mark
it-on7the-answar sheet.

1. Which-of the following-statements is correct?

1) Like-magnetic poles-attracf-,- unlike repel ;-like charges
repel---unlike attract.

2) ,
Like-magnetic-pcles-repel-- unlike attract; tike charges
attract - unlike repel.

3) Magnetic poles and:.'charges-are similarvin-both cases
like-attract - unlike repel.

4) Magnetic poles and-charges-are similar;-in-both cases
like-repel - unlike-attract.

2. Which-of7these statementvis-correct?

1) Electric chargevcan-be:separated but magnetic poleu
cannot.

2) No-isolated-electric:charges-or magnetic:poles have
ever -been-observed.

3) A.magnet-can becut-into 7two pieces, a-north-pole and
dr:south-pole, but7electric:charges cannot .ibe-seperated.

4)- Magnet. can.be separated :into north and:south poles
-and-electric.cheiges-can.be-separated into-positive and
negative charges.

3. Identify-the true statement.

1) All-metals are attracted-to magnets.

2) Iron-and-similar-metals-are-attracted to - magnets but
copper and aluminum-are not.

3) Glass-and corm on-plastics7are attracted -to magnets.

4) Ferromagnetic materials. are-not suitable.for'permenent
magnets.
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4. Lines:of-force-in-amagnetic:field differ from-those in an
electric:field in that

1) they-form closed curves.

2) they-do-not give-the-direction of the force.

3) they-terminate-on-Ahe-magnetic poles.

4) there-is an-infinite:number-of them.

6, When-.an-electric-current-flows-through a wire

I) an electric field-is-set-up-in the space:around-the wire.

2) a-magnetic field-is:setrup:in the space:around-the wire.

3) the-space around-the-wire-is-not influenced:.unless the
direction of current-flow:is-alternating.

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

6. Chwiginuthe current-flowlin-a.wire to the opposite direction
will

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

2) increase the magnitude:of-any field around-the wire,

3) reverse the direction:of:any field around:the wire.

4) have:-no influence-on-the-space around the wire.

7. The-..magnetic lines of-force:associated with_a:longi-straight
currentAcarrying wire

1) are-paraliel to the wire.

2) are:perpendicular::to-the wire.

3) form:concentric.circles:around the wire,

4) spread-out radially-with-the wire at the center.

6, A-conster4t-magnetic:field:exerts forces on

1) stationary charges.

2) moving charges.

3) both-stationary-and-moving-charges.

4) neither stationary-nor-moving charges.
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9. With-cnrrentflowinin-the7direction
H4dicatadbyI-itt.tbs4rawingiithe Right
and-.Role telli-US'that:theAirectio.n.O.

.the-lines-of.foróit.willIbe7asindicateid
by-:the-arrow at

1) 1

2) 2

3) 3

4) 4,.

3

4

10. If the..Wire-a0Ve::Wire7.Coiled:into a loop,- the-lines of
-force would

1) cancel-each other out.

-2) be-in-the directionrof7the-current4 I4:at7a1.1 points.

1) nis:longel. be described7bythe. Right Hand Rule.

4)- beconcentrated-inside:the.loop.

11. The-following diagram7represente a soctionof--straight,
current*carrying'wire.7place&in.-a magnetic. fieldt

/,

Ths-wire ..will be deflected

1) toward the:top.of.7the paper.
c.

2) to-the right.

lloi4ato:tbe paper;
.

4) out -of-the Paper.

12. .The-fOrce:exerted-npon7a-charge:by a magnetic, field

I) is:a:pure.deflecting7foreezthat does no :work'upon the
charge.

2) may:slow down-the charge.

'3) increases thetotal:energy:of the moving charge.

4). is:sometimes called:a:fictitious force.
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13.--When-a-charged-partiole:moves:with a velocityi_v, through
a magnetic-field, Bi:in-a-direction perpendicular to the
:fieldithe-magnetic forcezon:the-particle is in

1) the:direction of:v1:perpendicular to B.

2) -the-direction of:D;fperpendicular to v.

3) a:direction-perpendicular:to-both v and B.

43 a-direction-that:is::not-perpendicular-to-either v or B.

14. The-figure-below representsra:current loop-placed-in 4 mag-
netic:field-with-the-direction:of the current -in -the loop
as-indicated-by the arrows:on-the loop. Assume-that the
plane-of-the loop is-perpendicular to the-plane:of:.this sheet
of paper.

The-loop-will tend to

1) move-in the direction:of-the field.

-2) -movc-in-a direction:perpendicular to the field.

3) -rotate-in a clockawise:direction.

.4) -rotate-in a counteraclockwise direction.

15. Themaxium.intensityof-:a:magnetic field set:up:by a cur-
rent loop is

1) perpendicular to:thenloovat-its center.

1) in-the plane of the lloopdirected towatar.its center.

3) :dependent-upon-ther4irection-of the current:_in-the loop.

4) -in:the-direction-of7the-curr3nt in the loop.
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16. We:have::developed:a-simplezmodelfor magnetism in this
lessoni:-:-.UsethiormodelztoIaccount for each of the
following47-(Kiep.your:explanation brief.)

:--a) Thersource of magnetistrinna-permanent magnet.

--b) The7-fact7that magnoticzpoles-cannot be_isolated.

c) The.7.fact-that-magnetic-.1inas.of force_friT_closed loops.

d) :The.7source.of current-loopsnin magnotic:materials.

The fact-that-some:materials-are attracted.:tc magnets
and others-are not.

f) -The iact-that-some:materials-ars ferromagnetic (can be
Termanntly magnetized).
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NAME-
STUDENT
NUMBER

This-is-not7a test if informatiowthereforel there -is no one
"right".-answer:to-a-question:-...We....aminterested in your
opinion 7on--.each-of-the3tatemente.below. Youropinions will
be-strictirconfidential:--Do:not-hesitate to-put:down exactly
how-you 7feelabouteach:itemi.:,=We7are-seeking information, not
complimentwplease-be frank.

1...Instruction-such.asthis-is-one-of the mOst-:effective ways
-.-to.learwnew-concepts.

-1 2 3 4 5,

Strongly- .1 Disagree- Uncertain Agree.. Strongly
.

Disagree

2. There-is-a definite need:for:the-development-ot.more lessons
of-this, type.

-1- 2 3 4 5

Strongly- Disagree- : Uncertain Agree.:7 Strongly
Disagree Agree

3. I would rather learn-the material some other way.

: 3.. 4 5

Strongly . Disagiee- Uncertain Agrea---. Strongly
Disagree Agree

4. I would-have learned-more-from-a lecture.

. 2 . 3 -. - 4 6
Strongly-- Disagree. Uncertain Agree-: Strongly
Disagree Agree

5. I would. ..chooseCAIinstruction-rather than participate in
-::a-group-discussion ow-the topic.

3 . 4 5
Strongly Disagree- Uncertain Agree- Strongly
Disagree Agree

6. I learn-more from this type-ofinstruction than from studying
on my own.

2 3 4 5

Strongly. Disagree- Uncertain Agree- Strongly
Disagree Agree
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7. As a change of pace-from-asual classroom activities the CAI
lesson-was-welcome.

-1 2 2 3 4

Strongly- -Ditiagree: ,-Uncertain Agree-
Disagree ,

Agree--
5

Strongly
Agree'

8. Suchinstruction does not-provide the necessary motivation
to-learn-the subject.

3trongly
Disagree

2
, ,-3

Disagree Uncertain
4

Agree'
5

Strongly
Agree

9. In view:of the amount-.of-time.involved, I feeltoo little
was;accomplished.

-1
Strongly
Disagree

2 3

Disagree Uncertain

10. This is-not a very efficient way to

-.-1 2 3

Strongly Disagree- Uncertain
Disagree

4

Agree

learn.

11. My liking for this type of-instruction
disliking.,

2 3

Strongly Disagree Uncertain
Disagree

12. I would-volunteer to participate in an
this again-if I hadAhe-opportunity.

. 2 3.

Strongly,; Disagree Uncertain
Disagree

13. I would like to receive instruction of
entire course sometime.

2 3

Strongly: Disagree -Uncertain
Disagree

57

5

Strongly
Agree

4 5

Agree- Strongly
Agree

outweighs my

4

Agree
5

Strongly
Agree

experiment like

Agree-
5

Strongly
Agree

this typo for an

4

Agree
5

Strongly
Agree
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14., I feel that I learned enough-from this lesson that it will
not be necessary for ma to-attend the lecture over this same
material.

-1 2 3 4 5

Strongly Disagree Uncertain Agree Strongly
Disagree Agree

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

2 3 4 5

Strongly. Disagree., Uncertain Agree. Strongly
Disagree Agree

16. Thia method of instruction could be effective but this'
particular lesson was poorly-developed.

1 2 3 4 5

Strongly Disagree Uncertain Agree Strongly
Diagree 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

19. The film loops added very little to the lesson.

1 2 3 4 5

Strongly Disagree Uncertain Agree Strongly
Disagree ,- Agree

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

' 2 3 . 4 5

Strongly Diagree Uncertain Agree Strongly
Disagree Agree

. . ..

21. The-CAI system would belust'as effective for-this type of
learninfywithout any additional-visual aids.

2. 3 4

Strongly. Disagree Uncertain Agree Strongly
Disagree Agree
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Thernext 4 questions are-to-be answered by those who received
instruction-by.the-simulation-version of the lesson.

22. The-simulation of experiments-is a poor substitute for the
"real thing."

1. 2 3 4 5

Strongly-- Disagree Uncertain Agree- Strongly
Disagree Agree

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

2 3

Strongly Disagree Uncertain
Disagree

4

Agree-
5

Strongly
Agree

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

1 2

Strongly Disagree
Disagree

3

Uncertain
4 5

Agree-- Strongly
Agree

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

1 2 3 4

Strongly Disagree Uncertain Agree
Disagree

The next 4 questions are to be answered by those who received
instruction-by the laboratory version of the lesson.

5

Strongly
Agree

26. Ifeel:that.the manipulation:of the apparatus:increased my
understandingof the-physics-concepts.

1 2

Strongly Disagree-
Disagree

3

Uncertain
4 5

Agree Strongly
Agree

27. Setting up the simple experiments was more bother than it
was worth.

1 .2

Strongly Disagree
Disagree

28. I had difficulty trying
-apparatus.

1 2

Strongly Disagree
Disagree

3

Uncertain
4

Agree
5

Strongly
Agree

-tofigure out how to set up the

3

Uncertain

fiQ

4

Agree
5

Strongly
Agree
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29.' I think .that movies orAeimulation of the experiments
would.rbe-just-as-effeptiVo7es-alearning aid.

1 2 3 4 5

Strongly Disagree Unoer*ain Agree Strongly
Disagree Agree

30. The-best part of this lesson was

31. The-best-way to improve-this-lesson would be to

32. I would.like to make-the following additional-oomments.

60



www.manaraa.com

MILITARY MAILING LIST

Col. RAy Alvord
FR 19995
Air Force Institute of Technology
SIG
Wright-Patterson Air Force Base,
Ohio 45433

Dr. Ray Barger
Electronic Personnel Research Group
USC
Los Angeles, California 90007

Chief of Naval Research
Code 458
Department of the NOY
Arlington, Va. 22217

Director
ONR Branch Office
219 Dearborn. Street
Chicago, Illinois 60604
Att: Dr. Morton Bestin

Office of Nava' Research
Area Offite
207 West Summer Street
New YoA, New York 10011

Director
Naval Research Laboratory
Washihgtoh, D.C. 2090
Attn: Technical Information Div.

Commanding Officer
Service School Commend
U.S. Naval Training Center
San Diego, California 92133

Commanding Officer
Naval Medical Neuropsychiatric
Research Unit
San Diego, California 92152

Dr. James J. Regan
Code 55
Naval Training Device Center
Orlando, Florida 32813

61

Col. Walt Murphy
AFHRL (TT)
Human Resources Lab.
Lowry Air Force Base, Colorado

Mr. Norman B. Carr
Educational Advisor
U.S. Army
Southeastern Signal School
Ft. Gordon, Georgia 30905

Director
ONR Branch Office
495 Summer Street
Boston, Massachusetts 02210
Att: Dr. Charles Starsh

bi rector

*NR Branch Office
1030 East Green Street
Pasadena, California 91101
Att: Dr. Eugene Gloye

Office of Naval Research
Area Office
1076 Mission Street
San Francisco, California 94103

Defense Documentation Center
Cameron Station, Building 5
5610 Duke Street
Alexandria, Virginia 22314

Commanding Officer
Naval Personnel .& Training Reg. Lab.
San Diego, California 92152

Commanding Officer
Naval Air Technical Training Center
Jacksonville, Florida 32213

Chief, Naval Air Reserve Training
Naval Air Statioh
Box 1
Glenview, Illinois 60026



www.manaraa.com

Behavioral Sciences Department
Naval Medical Research Institute
National Naval Medical Center
Bethesda, Maryland 20014

Technical Library
U.S. Naval Weapons. Laboratory
Kahlgren, Virginia 22448

Technical Library
Naval Ship Systems Command
Main Navy Building,,RM.. 1532
Washington, D.C. 20360

Library, Code 0212
Naval Postgraduate School
Monterey, California 93940

Technical. Library
Naval Ordnance Station
Louisville, Kentucky 40214

Commanding Officer
U.S. Naval Schools Command.
Mare Island
Vallejo, California 94592

Scientific Advisory Team (Code 71)
Staff, COMASWFORLANT
Norfolk, Virginia 23511

ERIC Clearinghouse
Vocational and Technical Education
Ohio State University
Columbus, Ohio 43212

Office of Civilian Manpower
Management

Department of the Navy
Washington, D.C. 20390
Attn: Code 024

Chief of Naval Material (Mat 031M)
Room 1323, Maln Navy Building
Washington, D.C. 20360

Chief
Bureau of Medicine and Surgery
Code 513
Washington, D.C. 20390

62

2

Chief, Naval Air Technical Training
Naval Air Station
Memphis, Tennessee 38115

Technical Library
Naval Training Device Center
Orlando, Florida 32813

Mr. Philip Rochlin, Head
Technical Library
Naval Ordnance Station
Indian Head, Maryland 20640

Technical Reference Library
Naval Medical Research Institute
National Naval Medical Center
Bethesda, Maryland 20014

AFHRL (HRTT/Dr.,Ross L. Morgan)
Wright-Patterson Air Force Base
Ohio 45433

Dr. Don C. Coombs, Asst. Dir.
ERIC Clearinghouse
Stanford University
Palo Alto, California 94305

ERIC Clearinghouse
Educational Media and Technology
Stanford University
Stanford, California 94305

Commander
Operational Test and
Evaluation Force
U.S. Naval Base
Norfol, Virginia 23511

Chief of Naval Operations, OP-07TL
Department of the Navy
Washington, D.C. 20350

Mr. George N. Graine
Naval Ship Systems Command
Code 03H
Department of the Navy
Main Navy Building
Washington, D.C. 20360

Technical Library
Bureau of Naval Personnel
(Pers -I1B)

Dept. of the Navy
Washington, D.C. 20370



www.manaraa.com

Director
Personnel Research Laboratory
Washington Navy Yard, Bldg. 200
Washington, D.C. 20390

i:uman'Resources Research Office
Division #6, Aviation
Post Office 8ox 428
Fort Rucker, Alabama 36360

Humn Resources Research Office
Division #4, Infantry
Post Office Box 2086
Fort Benning, Georgia 31905

Director of Research
U.S. Army Armor Human Research Unit
Fort Knox, Kentucky 40121
Attn: Library

Human Resources Research Office
Division fl, Systems Operations
300 North Washington Street
Alexandria, Virginia 22314

Armed Forces Staff College
Norfol, Virginia 23511
Attn: Library

Walter Reed
Div. of Nebropsychiatry
Army Institute of Research
Walter Reed Army Medical Center
Washington, D.C. 20012

Director
Air University Library
Maxwell Air Force Base
Alabama 36112
Attn: AUL-8110

(1R/Dr. G. A. Eckstrand)
Wright-Patterson Airforce Base
Ohio .45433

Commandant
U.S. Air Force School of
Aerospace Medicine
Brooks Air Force Base, Texas 78235
Attn: Aeromedical Library (SHM)

3

Commander
Naval Air Systems Command
Navy Department Air-4132
Washington, D.C. 20360

Human Resources Research Office
Division #3, Recruit Training
Post Office Pox 5787
Presidio of Monterey, California 93940
Attn: Library

Department of the Army
U.S. Army,A4jutant General Schbol
Fort Behjamin Harrison, Indiana
46216
Attn: AGCS-FA ATSAG-EA

Human Resources Research Office
Division #5, Air Defense
Post Office Box 6021
Fort Bliss, Texas 79916

Director
Human Resources Research Office
George Washington University
300 North Washington Street
Alexandria, Virginia 22314

Chief
Training and Development Division
Office of Civilian Personnel
Department of the Army
Washington, D.C. 20310

Behavioral Sciences Division
Office of Chief of Research
and Development
Department of the Army
Washirgton, D.C. 20310

Headquarters, Electronic System Div.
ESVPT
L.G. Hanscom Field
Bedford, Massachusetts 01730

6570th Personnel Research Lab.
Aerospace Medical Division
Lackland Air Force Base
San Antonio, Texas 78236



www.manaraa.com

AFOSR (SRLB)
1400 Wilson Boulevard
Arlington, Virginia 22209

Mr. Joseph Cowan
Chief, Personnel Research Ranch (P-1)
U.S. Coast Guard Headquarters
400 7th St. S.W.
Washington, D.C. 20226

Dr. Lee J. tronbach
School of Education
Stanford University
Stanford, California 94305

Dr. M. D. Havron
Human Sciences Research, Inc.
Westgate Industrial Park
7710 OldSpringhouse Road
McLean, Virginia 22101

Dr. Joseph W. Rigney
Behavioral Technology Laboratories
University of Southern California
University Park
Los Angeles, California 90007

Dr. Benton J. Underwood
Department of Psychology
Northwestern University
Evanston, Illinois 60201

Dr. Mats Bjorkman
University of Umea
Department of Psychology
Umea 6, Sweden

Executive Secretariat
.Interagency Committee on
Manpower Research, Room 251-A
1111 20th St., N.W.
Washington, D.C. 20036
Attn: Mrs. Ruth Relyea

Naval Undersea R. & D. Center
3202 E. Foothill Boulevard
Pasadena, California 91107

1-12.1641o17a1". Fond,

Lowry AFB, Colorado 80230

4

Headquarters, U.S. Air Force
Washington, D.C. 20330 .

Attn: AFPTRD

Executive Officer
American Psychological Association
1200 Seventeenth Street, N.W.
Washington, D.C. 20036

Dr.,Philip H. Dubois
Department of Psychology
Washington University
Lindell & Skinker Boulevards
St. Louis, Missouri 63130

Dr. Robert R. Mackie
Human Factors Research, Inc.
6780 Cortorta Drive
Santa Barbara Research Park
Goleta, California 93107

Dr. Arthur I. Siegel
Applied Psychological Service;
Science Center
404 East Lancaster Avenue
Wayne, Pennsylvania 19087

Dr. Alvin E. Coins, Exec. Sec.
Behavioral Sciences Res. Branch
National Institute of Mental Health
5454 Wisconsin Avenue, Room 10A02
Chevy Chase, Maryland 20203

LCDR J.C. Meredith, USN (Ret.)
Institute of Library Research
University of California, Berkeley
Berkeley, California 94720

Or. Marshall Farr
Office of Naval Research (Code 458)
800 N. Quincy Street, Room /11'.
Arlington. Virginia 22217

Technical Information Exchange
Center for Computer Sciences
and Technology
National Bureau of Standards
Washington, D.C. 20234

Dr. Tom Jeffrey
Besrl, Behavioral Science
Research Laboratory
207 Commonwealth Bldg.
Arlington, Virginia 22209

64



www.manaraa.com

Z4ollrrltrAIM498Y4w+r4.

Dr. Glen Finch
AFOSR, Air Force Office
of Scientific Research
1400 Wilson Blvd.
Arlington, Virginia 22209

Director, Education & Trng. Sciences
Naval Medical Research Institute
Building 142
National Naval Medical Center
Bethesda, Maryland 20014

Dr. George S. Harker, Directoi-
Experimental Psychology Division
U.S. Army Medical Research Lab.
Fort Knox, Kentucky 40121

U.S. Army Air P,fense School
Office of Director of Instruction
Attn' Mr. Wayne O. Aho
Fort Bliss, Texas 79916

Mr. Charles W. Jackson
5003 Holmes Ave., N.W.
Redstone Arsene
Huntsville, Alabama 35805

Research Director, Code 06
Research and Evaluation Dept.
U.S. Naval Examining Center
Building 2711 - Green Bay Area
Great Lakes, Illinois 60088
Attn. C. S. Winiewicz

Dr. Ralph R. Canter
Military Manpower Research Coordinator
OASD (M&RA) MR6U
The Pentagon, Room 3D960
Washington, D.C. 20301

U.S. Army Behavior and Systems
Research Laboratory
Commonwealth Building, Room 239
1320 Wilson Boulevard
Arlington, Virginia 22209

Mr. Edmund C. Berkeley
Computers and Automation
8)5 Washington Street
Newtonville, Massachusetts
alb()

5

Director, Naval Research
Attn. Library, Code 2029 (ONRL)
Washington, D.C. 20390

Director
Aerospace Crew Equipment Department
Naval Air Dev. Center, Johnsville
Warminster, Pennsylvania 18974

Commander
Submarine Development Groo Two
Fleet Post Office
New York, New York 09501

Dr. Henry S. Odbert
National Science Foundation
1800 G. Street, N.W.
Washington, D.C. 20550

Education & Training Develop. Staff
Personnel Research & Develop. Lab.
Bldg. 200, Washington Navy Yard
Washington, D.C. 20390

Or. A. L. Slafkosky
Scientific Advisor (Code AX)
Commandant of the Marine Corps
Washington, D.C. 20380

Lt. Col. F. R. Ratliff
Office of the Ass't. Secretary
of Defense (M&RU)
The Pentagon, Room 3D960
Washington, D.C. 20301

Director
Behavioral Sciences Laboratory
U.S. Army Research Institute of
Environmental Medicine
Natick, Massachusetts 01760

Dr. Bernard M. Bass
University of Rochester
Management Research Center
Rochester, New York 14627

Dr. Donald L. Biaor
Computer-Based Education Research
University of Illinois
Urbana, Illinois 61801

65



www.manaraa.com

Dr. C. Victor Bunderson
Computer Assisted Instruction Lab.
University of Texas
Austin, Texas 78712

Dr. Robert Dubin
Graduate School of Administration
University of California
Irvine, California 02650

Mr. Wallace Feurzeig
Bolt, Beranek and Newman, Inc.
50 Moulton Street
Cambridge, Mass. 02138

Dr. John C. Flanagan
American Institutes for Research
Post Office Box 1113
Palo Alto, California 9002

Dr. Albert S. Glickman
American Institutes for Research
8555 Sixteenth Street
Silver Spring, Maryland 20910

Dr. Carl E. Helm ,

Dept. of Educational Psychology
City U. of N.Y. - Graduate Center
33 West 42nd Street
New York, New York 10036

Or. Lloyd G. Numphreys
Department of Psychology
University of Illinois
Champaign, Illinois 61820

Or. Gabriel D. Ofiesh
Center for Ed. Technology
Catholic University
4001 Harcwood Rd., N.E.
Washington, D.C. 20017

Pr. Paul Slovic
Oregon Research Institute
P. O. Box 3196
Eugene, Oregon 97403

Dr. John Annett
Department of Psychology
Hull University
Yorkshire, ENGLAND

6

Dr. F. J. Divesta
Pennsylvania State University
320 Reackley Building
University Park,
University Park, Pennsylvania 16802

Dr. Marvin D. Dunnette
University of Minnesota .

Department of Psychology
Elliot Hall
Minneapolis, Minnesota 55455

S. Fisher, Research Associate
Computer Facility, Graduate Center
33 West 42nd Street
New York, New York 10036'

Dr. Robert Glaser
Learning Research and Development
Center
University of Pittsburgh
Pittsburgh, Pennsylvania 15213

Dr. Bert Green
Department of Psychology
Johns Hopkins University
Baltimore, Maryland 21218

Dr. Albert E. Hickey
ENTELEK, Incorporated
42 Pleasant Street
Newburyport, Massachusetts 01950

Dr. Richard Myrick, President
Performance Research, Inc.
919 Eighteenth St., N.W., Suite 425
Washington, D.C. 20036

Mr. Luigi Petrullo
2431 N. Edgewood Street
Arlington, Virginia 22207

Dr. Arthur W. Staats
Department of Psychology
University of Hawaii
Honolulu, Hawaii 96822

Dr. !LC. Shelesnyak
Interdisciplinary Communications
Smithsonian Institution
1025 15th St., N.W./Suite 700
Washinoton, D.C. 20005



www.manaraa.com

Educational Testing Service
Division of Psychological Studies
Rosedale Road
Princeton, New Jersey 085$0

Dr. George E. Rowland
Rowland and Company, Inc.
P. 0. Box 61
Haddonfield, New Jersey 08033

Department of the Navy
Office of Naval Research
Arlington, Virginia 22217
Code 453

4

67

a.

7

Dr. Harold Gulliksen
Department of Psychology
Princeton University
Princeton, New Jersey 08540

Dr. Marty Rockway
AFHAL (TT)
Humen Resources Lab.
Lowry Air Force Base, Colorado


