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In this study, the effects of textual versus animated orienting activities and practice.on the learning of

elementary science material was studied. . Elementary school students were randomly assigned to

cither a Text, Animated, Text plus Animated orienting activity group o a control group having no

activity, and to either a Practice or No Practice group. Upon completion of the lesson; students were
administered a posttest measuring both application (rule-using) and problem solving (higher order
rule-using). Results indicated that the nature of the orienting activity did not affect the learning of
either application or problem solving skills. However; a negative effect was found for practice.
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The Effects of Computer Animated Orienting Activities on Application and Problem
Solving Skills in an Elementary Setenee Lesson: An Exploratory Study

LEGYB P. RIFBER
MIEHAEI::! HANNAFIN

The Pennsylvania State University

Absiract

~ In_this study. thc cffeﬂs bf Extual ersus ammatcd onmlmg actvities_and pracncc on lhe lEammg of clcmcntary scienee

material wcrc smdwd

oncmmg EClivity group or a conirol groap having no Aaclivity, end n ﬂthér a Pracucc or No -Practice group.

completion of the lesson, siudenis were sdminisiered x posucst messliring 3
did not affect the learning of cither application or problem

Resulis md.caled that the nature of the mcnung activity
solving. However, a negative effect was found for pr- tice.

The . science of mstmcumnl dcsngn has bccomc
increasingly interesting and. complex. . Recent interest in
instructional design has focused on the potential of
computer lcchnology to._deliver effective and  efficient
instruction. . Much rescarch has. shown that caseflully
designed _ insoruction can be dehvercd cffectively via
computer (sce, for- example, Edwards, Norion, Taylor; Weiss
& Dusscldorp. 1975; and Bangert-Drowns, Kulik, & Kulik;
1985). -

Cermn features of compulcr lechnology are wc!l sulted
o the needs of instructional designers. For example,
instrection can. be .. dclwcred repeatedly  acioss  lcamers
without random. vmnuori OIhcr features, such as the

ability to branch 1o appropriate lesson segments hased on
individual leamer needs and t© provnde appropriate and

immediate fecdback can be easily incorporated  into
computcrized instruction.  Lesson designers _can also
incorporate a  wide range of teaching strategies and

activities into computer-based Jnslmcmm (CBY)
. One goal of CBI dcslgncrs is to _utilize capabllmcs

prcsumcd 10 be umquc 10_the crmipulét Though controversy
exists as 1o the unique cﬂ'ccuvcncss of the computer as an
instructional tool (see, Pc.kov;ch & Tennyson {1984 ) vs.

Clark . (1983); Clark, 1985), - ceriain capabilities  offer

mu:ruung mstmchoml potcnunl Ammauon is_one such

oompulenzed instriction lhan other msuncuort:l sysmms

For .the purposes of _this paper. ammauoq is a scries of

rapidly changing computer screen displays that presents- the
illusion of ‘movement (€mbxllo. 1985).  Computerized
instruction _has typically used animation as an extrinsic

mouvalor mvolvmg such u,mgs i caroon ﬁgw acung
as feedbufk > studcms responscs """""""

inclined planc 10 ueach a com:cp in a physncs class
Alcsandrin, 1984, for i discussion

(See
of

Elemcnlary school students were nmdomly assigned o either a Text, Ammaw'l Text plus Animated

Upon
bot.h application and problem solving _skilis:

'hctsé of vxsuals mmstrucuon) ) _

Many perspectives on the design of ef[ccuvc instruction
eXist. - Recent interest has shified to. the influenice of
cognmvc processcs during_ instruction. (Cltrk. 1984f Gagnc
& Dick, 1985; Hannafin & Rlcbcf 1986) CBI dcsngncrs

relevam cognitive processes through various  lesson
activitics or events - (Gagne', Wager, & Rojas; 1981)
Recem altempls to- improve learmning through the use of

oricnting - activities have also been rcported An tmc.num,

acnvny is A mcdmor ihrough whlch ncw. mformauon s

learn 1986).
Onenung ncuv!ngs comprise advunce orgamzcrs pre-

instructional __objectives; pre-questions, and other similar
techniques (see,  for example, - Allen, 1970; Alvermann,
1981; Ausubel, 1960: Kaplan & Simmons, 1974; May.r;
1979, 1984; Walsh & Jenkins, 1973). Inlensungly. the
efiectivencss. of orienting activities during. CBI. has bcen
inconsistent (Hannafm. Phillips, Rieber; & Garhan; 1986):

Recmt reseamh ha.s demonstmnd the poWér of pracucc

Phllhps. & Tnpp. 1986) Rescirchers have speculau:d that
practice often sr.ibsumcs effects expecled from oncntmg
activities alone.  This .is consistent

provided by Maycr (1979). who suggcsted that ndv:mcc
organizers- arc oficn unnecessary in the prescnce of well-

designed instruction. In certain cases: . practice activities

may also orient_leamers to subseqdem instruction (Phillips,
Hannafin, & Tnpp; 1986). _. :

The purpose. of this. study was (o examinie the effecrs of
different  orienting  activities and practice on applicaiion
and poblcm solvmg skxlls of elementary school students.
It was hypothesized that  stidens wovnded onemmg
ﬁi:vmcs containing l.extunl _and ammaled 7777777

acuv.ty alonc or neuher ;cuvnty I was funhcr
hypothesized thaLprachce would be of grealest value where

the orienting support was mirimal.




Methods

Subjects :
_ The snbjects conslsted of lll fonﬂh. ﬁﬁh. lndfsmh

grkdcn Eém a mrul pﬁbhé elcmen!.iry school.  These

populahpn 7of {heaef gnde; Pm;cnpmon was volunury
and selection based on parent consent. __The subjects

represented « typical cross-section _of __students _ typically

found in an_elementary school. The subjects comsisted of

56 girls awi 55 boys. The propomon of iubja.ﬁ 1088

gradc levelz were 24 fourth grade, 41 fifth grade, and 46
sixth grade:

pans l) mu'oducu'ry matengi, 2). mouon resultmg from

equal torces in opposite directions in one dxminsxonal
space; 3) motion resuiting from. unequal forces in opposite
dm:cnons in one dlmensnonnl space. and l) monon

space . —

The first lesson pan introduced  the lelmer to Isaac
Newton's formal dnscove:y of ccnum phyw:d laws. This
part also initiated the sequencc of lelrlmg iétivuiés W
for the rest of the lesson. - Most of the mfonmuon
presenited in the first part was factual in nature. The second
part introduced the concept that equal but opposite forces
are-necded-to cause objects o stop. This section deait only
with one-dimensional space. The third pan expmded this
notion to include the effects of unequal forces azting upon &
stationary object.  The final direction and speed of an

object is a combination of all of the forces from both
directions. The third part also presented these concepts in
onc-dtmxomi space..  Finally, the fourth part added the
notion 6f two-dunens:mal space 1o- the -above concepts.
Aguin, the final direction and speed of the object results
sysiematically from the sequence of forces which acted
upon it.
Eachofdlefoulssonpmmclndeddwmnem
instructional _secgments in_the same. sequence: . appropriate
orienting actmty and instructional frﬁns All instruction
was prescnted at an mlmductory tevel wn.h the technical
déscnplmns of the t‘orou of gravity and friction removed.

Appromm!ely 30 minutes was required 0 complete the

_Each__ Jesson mclnded one of four oncnmg sctivities.
Each orienting activity was controlled and paced extermally
uﬂwsprcsamdmmalmzlypnorroud\lusonm
Each orienting actmty was pnsenled for approximaiely
one mintite. -

Ten. In tlus cnunmg aeuvxty. a lext-only compma

screcnpmmp(edlhelemlorudamsemmoemmny
of the basic physical science concept 10 be discussed in the

upcmnmg Im pm: An examplc of & text éncnung
activity is: "Read the following information carefully. It
will help you in the next section. In order for a moving
blll w compleicly siop. all forces must be EQUAL in ail
. Amma:wn In thxs onmnng actmty. the leamer was

animation sequem;e |llustnted gnphxcdly a science amcép(
wuhont the use of texnml mfmninon An example of this
Bctivity is:. "Wuéh the Imle ball below carefully. It will
help you in the next- section.” A small ball was then
kicked orice io -the right {a small afrow on the screen
represented a kick) while ball movement was animated in a
left to right fashion. When kicked once to the left; the

_ Tea plus Amanon Thls onenung ncnvxty was. the

combmoﬁ of the lbove two sﬂmgls The ext and the
!ogether on the _same frame whxle the leamer was ;vromptcd
to read and wu.:h the information carefully.

No Activity. In this activity; the leamer was Eti?n ™
information__sbout the. -upcoming lesson.  However, the
lesson ptmd for roughly the same time required for the.
orienting activities while_ the following prompt was given:
“The computer wnll be busy for about a minute. Please
thirik about what you've read so far while y you wait." ,

-Each of the Orienting activitics was used in conjunciion
with one of the two practice variables: Practice and No
Practice. The practice was provided immediately after each
of the_four lesson parts. ]

Practice.  Leamers were given a Vinéty of activities to
n‘.hwsc the lesson concepts. For example, one practice
activity dnsplayed a series of left and right arrows
representing a sequence of kicks. The leaner was then
iﬁé’d to i:li'oiis% Whii:li 6f fdiii’ ii?éﬁ outcomes would best
. After _ responding,
appropriate fesdback in the form of knoil?&ﬁé _of cormrect

results was provided while the computer animation of the
kick _sequence was _presented. _During another practice
actmly. the ball was animated waiidmg to a predesigned
panerm. The leamer was then asked to chioose- which of
four given kick seqiiences best described the motion of the
ball. - After responding, the leamer was given appropriate
Imowledge of correct results.  Similar practice activities
were used throughout lhe Icsson.

Afun' the lppmpnnc lesson presemiﬁm, the leamer was
romal directly 1o the orienting activity of the fiext lesson

parc
i, R Eﬁ,,:,, o 7 7 B

The 24 item posnest consisted _of _two _ typegi 9f
questions:  application __and _ problem _ solving (Gagne',

1977). A total of 12 spplication questions and 12 problem

solving questions were included in the postest.

“M




A4 X2 facxonul déﬂgn was used Four levels of

oricnting activities (Text, Animation, Texi plus Animation,
None) were crossed with two levels of practice (Practice; No
Practice). . In addition o the independent _variables, an
overall achlevcment griide equlvalem score of a standardized
achicvoment -test, was used as a_covariate: . This. score was
used in order to minimize the. effects of imbalance of
students from different grade levels in thie various treatment
combinations. MANCOVA procedures were used i6 analyze

performance data:

m - - - o IT DTt
Subjects were rardoiily i’s’sigh’e’d to_onc_ of the lesson
versions and the lesson . was  presented  accordingly.
Assignment was proportionally _stratified 1o ensure balance
of subjects from acluevemem levels in each lesson version.
All instruction and testing was administeied by computer in
a lab containing microcomputers. Upon completion of the
lesson, studcms were prompted o mform the proctor _The

conipletion of the lesson.

Results

Table 1 contains adjusled means - for each treatment

combination; No  overall MANCOVA significant

differences were - found for orienting activities F( 6204)

-l l3 s 05 Mcan soorcs were Eoﬁif:irihle irrespective

77777 A .. marginally
slgmﬁcam effect was found for prElicc F(2,101)=3.67,
p<05. However, the direction of this cffect was not

predicted.  Practice - actuz]ly hampered _performance for both

application and problcm solving skills. No intcractions

were detected;

Discussion

The purpose of this study was o exmmnc l:he effcct.s of

pracucc on _ lcammg applicauoii and
skills, . 'ﬁle results  suggest that oﬁ&iﬁﬁg activilies;
whether text-based or animated, do not exeri particularly
powcrful ml'lucnces ©on leaming.

The laclt of differential effects mnbuuble lo oncmmg
wctivities during computer-based instruction was consistent
with - Several receni  studies _involving . computer-based
learning (Hannafin, 1986; Hamnafin_ Phillips, Rieber &
Garhart, 1986; Hannafin; _ Plulllps; & Tripp, in- press).

However, the activities used in the present - study were

believed. 0. be . conslstan with the  capabilities of the
computer_and were bélleved to provnde _powerful oncnnng
mechanisms.  The textual orientation provided a verbal
TCpresentation ol‘ -the scierice: concept whilc the animation

provided a mental image of cach particular science conccpc

Cogmuvc -psychology rescarchers. have poslwd mcnul

imagery and verbal represcniations as primary  micntal

siiiii:iurés Mmy rescarchu's lmve noled thc powcr ol

relention (scc for cxample. Bower 1972; vano. 1979).
This reseﬁch suggests thai young leamecrs are often beiier
ablc - rec 7¢ ml‘ormanon in vxsual versus textual w.nys

young leemers often create a menml unnge correspondmg
o the presenied texi. The |.rrpllcanon is when instruction
conmns mcamngﬁ.ll 77777777 xmxges ro  support lcsson
lcamgs shonld b bct.ﬁ able o both store and retrieve the
information o and fmm long term memory.

There are scveral explanations which may help 1o clszy
why an orienting activity effeci was not found.  First,

oncnung acm mes such as advance orgamzcrs are

subsumed pou:nlml lcﬁmmg gains denvcd from oncnlmg.
a\,uvmcs Duc o the apparent difficulty of the lesson
comicnt, it is also possible thai smdenis never fully
claboratd the material during encoding and were dhercfore
less able to retricve lesson information. Lastly, another
possible _ e)(plamnon f:orTIcs from Carlson. Kincaid, Lance

thexr own _ individual straleglcs rcgardless of strau:gy
pmmpung dunng mstruction. Hence, many students mlghl
simply - disregard  or ignore the _potentially usecful
mformauon or_orienting strategics in favor of their own
+ dual strategies.

The _absence of the. prcdlcled mlcracuon bctwccn
onemmg activity and_ practics was somewhat surprising. [t
was hypodresrzed (hm practlce would decreasc in powcr as

This should also be truc whcn chlldren are provrded wnh

elaboranon or preparatory mechanisms o _better eneodé
information. - 1t was predicied that the. text plus animation
acuvny would lcssen the effecl of practnce since addmonal

fully supporied CBI lesso. -
Practice actually excried a ncganve mﬂumfe on. Ieammg
in this study. This result is inconsiste

is inconsistemt _with othcr
findings and should be interpreted cautiously. It is evident

from an analysis ¢¢ the low. -postest mears that the lesson
material was very dil‘ﬁeult for swudents to acquire.
vandmg additional instruction; where heavy cognitive

demands_were llrcudy unposﬁ -upon the lcamer may have

been more dcmmental than helpful to lcarmng The
addmomd démancls of Ppractice may nave crcated a typc of
cognitive . ovcrload. This phenomena is consistent with
rescarch ﬁom other arcas of ms!rucnonaldcslgn such a5 the
use of visualization. Dwycr (1978); for cxample.rfound

that -although the usc of pictures generally facilitated

leaming, this was not generally que when the material to




be Icamed was (00 ébmple Luson d’mgi‘ieii ihot.ﬂd be
cautious in the use of addluoml activities when lesson
ma;cnal is very complex and demanding.

-Suveral -directions for further research are indicated:
Altiough the use of animation to enhance leaming appears
consistent with current theories of Ienmmg, recent studies

ave failed suppon uns contenuon {see also, for_ ﬁnﬁplé'
777777777 1979; A.
Carabaﬂo 1985 ﬁ'ld J Cmballo. 1985). - Connnued
rescarch is nceded 0 better define where the iiii&éi' of
animation is useful and appropriate.  Althoug
computer can deliver instruction in a variety of modcs

bascd on a variety of conditions;_such_conditions muxt be

better defined.  Additional reseerch is needed o define

optimal contexts for orienting activities and practice:

This_ study. -has raised several questiorns ooncemhg how

students process mfmnition a5 well as how ocomputer
u:chnology can cortribute o l.hls leammg process. Based
on this study, it appears that orienting activities _are

relatively - insignificant in affecting learning when part of a

well -designed lesson.  The ncgative effect of practice,

though perhaps a_ statistical momdy. warrants closer study.

Futvre _ rescarchers  should clnnfy and deﬁne _superior

instructional design modelz given the evolvmg capabilities
of technology:
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