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A CONMPARATIVE ANALYSIS OF THE VALUE OF INTRINSIC
MOTIVATION IN COMPUTER SOFTWARE OM THE MATH
ACHIEVENMENT, ATTITUDES, ATTEHNDANCE, AKND

DEPTH-OF -INVOLY¥EMENT OF UNDERACHIEY¥ING STUDEKRTS

CHAPTER 1

It has peen wvell wstablished in the
litersture that Computs#r Assmisied Insmtruction
{CAIl) cen enhance acedemic achievemeni as well am
provide relative cost-effectivensss ol instruction
(Roblyer, 19835; Clark, 19B83; Kulik, Bangert, and
Willimmm, 1983; Forwan, 198Z; Suppesm, 1980;
Ecdwarde, Horton, Taylor, Weims, and Dumsawsldorp,
1975%; Suppes and Morningstar, 196%]. Huch of thiws
research demlt with CAI by ewmphawiring the
hardware iteelf, the nev technology exemplified in
the delivery of inmtruction. It wap = nev means
of instructionml pressntstion thet was not

dependent on the human factor of the teacher.

Computer Assieted Instruction grew out of the
leguacy of programmed inestructicon and the theoriss
of motiveaticon snd lemrning exenplified by

¥
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such long stending authorities a8 Skinner and
Thorndike. However, the resssrchers centersed on
the new computer technology with barely s nodding
glance to the software presented via the computer.
By ignoring the contributiosn of the 1netructional
softvare, ressarchers largely overlooksd the
resesarch concluslons availlables on instructional
methadology, motivetion and learning that hed Desn
investigeuted by researchers 1ntent o deterwining
the best and moset efficient means of pressnting
material to snheance learning.

Clurk (19683) sfter reviewing ths ressarch on
learning from media states that, "the medis arwe
delivery vehicles for inetruction and do not
directly influence learning...[but] the
deterwinetion af necessary conditions 18 &
fruitful approwmch when analyzing all inetructiocnal
problewa, snd it iws the foundation of sll
inetructionel theoriee® (p. 433}, He ceEutions
mgalnat furthsr reswarch betwvesn media and
learning unless 1t fuCumes on the NECEEEaAry
charscteristice of instructional methods and other
variables such &% the task, learner aptitude, and
sttributione which detail levelm of difficulty,

sntertainment value, or sojoyment,



9

Although the tescher’'s role 1 reduced in the
mctunl]l prementmticn of materisl in CAl, it im
reaponable to presums thmt the principles of
learning fcund tc afiect instruction in the
Clasarcom may ales apply to the pressntation of
matsrial on thse computer. In octher wordm, CAI may
not be sil good or ail bad vhen instruction is
conmldered. There are mtill s many gueRticons to
be ansvered concerning specific verisbles
affecting an individual'a sbillity to benefit from
CAIl., Thesas questions nov include sn investigation
on the efficecy of specific softvare rather than
merely the medis of the pressntation, much am the
sducational methodology of the Classrocom teacher
has been investigmtwd for decadss. The lack of
validated software iw one of the most ssrioum
limitetiona in the uee of CAI (Pogrow, 1983;
Bencerson, 198%5). EBenderscon (13835) stetes, *“The
magnitude of the softvare problem, as psrcelved by
EPIE [Educmtionml Products Information Exchsngel],
im Teflected 1n figurem cited by Kromomki in the

December 3, 1584, Hevw York Times. Commenting an

an svalumticn that heas now coversd 600 pieces of
pducetionml software, Komomks says, * hbout 35
percent of what we sxamined is firemt-rate, snd

about & gquarter of what we have found meets
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minimal wtsndards. The rest im pretty
depressing---pedestrian, simple toc do, and essy to
produce. Schools are paying 50 for what they
could have gotten in s workbhook ™ (p. 181, Over
and over again 18 stated the addage, *“svalusts --
svaluate -- svaluste”™ (Taber, 19582} when scftwarw

if being conmidered,

Theoretical Rationelw

The use of the cComputer in ilnstruction has =n
number of advantages over treditional wmethods
{Zisntara, 1984). It can provide immediste
positive Ifesdback. It can individualire
inFtruction tc mpecific needs such as praviding
additionsl problems or sxamplss vhen nheedsd or
#liminating material 1f mastsry is svident. It
gives constant attention, cannot be distrscted
from its purpose, does not become mocdy and has
the capubility of incorporating in lssscns many
medin devices in an efficient manner that Lls not
snsxily repliceted in the classrcom (Lepper and
Malone, 1984, All of these things relate to an
increase in 1ntrinmic motivatian. Lepper and

Malone 1984 state, "0Our hope 1@ to 1llustrate
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the velue pf uming computer-bamed learning as a
laboratory for reviving claselic issues in
sducational and socciml psycheology and for
sxanining those issuss i a manner thet highlights
both their considerable theoretical mignificance

and their immediate scciel! i1mportmnce*ip.l:.

The purpose of this mtudy is t0 determine
what #ffect intrinsic motivetion inh softvare
programe, using graphice and non-graphics, has on
the mchievement, attitudes, sttendance and
depth-cf-invalvement in underschieving students.
"The computer provicdes a common contedt Lo which
the concepts and princlipies developsd within
several historicelly distinct research traditions
can be systematicelly studied” {Lepper and Malone,
1984, p.3;. The principles serving =a a bamis for
the thworetical canstruct on which this sxperiment
is besed come frowm the classic debate on tha
approsches to intrinmeic motivation. Cne group of
theoriste seses huwmans ae problem solvers who are
motivated by chmllenge, competence, elfectance, ar
mastery motivetion (Bandura and Schunk, 1981;
Leprper and Greene, 1978; Weliner, 1980}, A second
group approschews humans as information processors

influenced by curiocmity, incongruity and
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discrepancy (Kagen, 1972, A third group portreys
humane s® voluntery sctors who must percelve
controcl over their environment and have
seif-determination (Condry. 1977: Deci, 19735,
1981, But 1n mddition to these, Lepper and
Mulone (19841 mtate computers edd a Imctor
themewlves--that of fantasmy involvement in the
form aof story plote, sound effect® and other
technical devices. The ressarch lsmue then
revolves around wmany praovocative gquestions, When
im learning best? When it 18 mctlive or pamslve?
When 1t 1w self-directed or sxternmlly controlled?
Wwhen it im inductive or didectic? Do w# have to
tracde off sfficiency in learning to achieve depth
of learning? To answer some ol these gquestionme wve
must look st mpecific sapprosaches tc computer-—based
inmtruction exemplified in educational smoltwure.
For sxample, hov do math programe with minimal or
ne use of graphics compare vith more active
fantaey snriched math programs utilizing
sndogencoum and sxogdencus Jrephice on the math
achievemsent, sttitudes, sttendance and
depth-cf-i1nvolvement of underachisving elementary

atudents?
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Statement af the Problem

With =0 much attention given to computsrs 1n
the last gdecade, the gquestion "What dows the
research ssy?" should give a straight forvard
simpis anever but instesd i1ia8 deceptively camplex.
*In generai the ansver im not nearly as much ae it
can, will snd mlresdy mhould have" {(Hracey.
19682a ). Thim then is one of the bawic problemms,
the establishment of a pocl of ressarch going
beyond the concept of the sifisctiveness of
computers in sducation to define the parametsras
within wvhich apecliic typess of computer
inmtruction are effective and with wham. The
question to bhe resesrched in this study 1s, "What
affect dosm intrineic motivation in softwvere
programe heve on the sachisvemant, attitudes,
sttendances and depth of involvement of

underachieving students?"”

Cenersl Hypothemis

This is a compmrative study mnd sveluation of

cocntrasting philowophies of sducation embodied in
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various current approsches to the design of
educationel woftvare for children. The study wam
done through an anslysis of the educational
wfficacy of specific softvare programm used on
microcomputers., Thess programs were umed
ingdividually or in groups of two by slementary age
alternative sducation students over the period of
a senedter of 18 weeks. They were used & mlinimum
of 20 minutes 3 times per week 1n the subject arss
of math am measured by the MHeth Computmtion
subtest of the Stanford Achisvement Test. It wam

expected that students using CAI with graphice

would:

1.1 Dewonmatrate an incCreasme in math
achievemsnt

2.4 Show increased motivation towards

schocl by improved schocl attendance;

i Show improved school mttitudes as
measured on un sttitude survey;

4. Shov an incrensed depth-of-involvewment
over those students using CAI with minimml or no

graphice as wvell as Over ths control group.
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Definition cf Terms

The folloving terms were used in the study:

Achievement ia cdefined am that measurs >f acmdemic

accomplishment demonstrated Dy the grade
equivelent mpocare on s stendardized schisvement

Ltast.

Alternative sducstion students pariticirpstie in the

Alternetive Education program and have met the

criteria of having failed a grade level thres or
mors Ltimeas, are assigned 1n QJredes l-3, and who
have not failed cue to abgentesism or gqualified

for special wducsation,

Computer Awsisted Inetruction (CAI}/

Computer-Bemed Instruction !(CRI) refsrs to

sducstional instruction in academic subjecis
prasented to the student by the computer through
the uee of especifically designed softwars

programe.

Depth-of-Involvement iwm defined ae the degres of

cognitive involvemsent a student mey have with mn

mctivity. It may i1nfiluence how informmtion im
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processed and whether that knowledges can later Le

remgmbersd or umed.

Endogenous gor intrinsMic graphics refers to ths

viguml wmateriel that im directly releatecd to the

mesning and content of the materiel presentad.

Exogenous or extranecus graphice refere toc the

vimusnl materisl that is not incorporeted into the
meaning cof the content materisl bBut 1s superflucum
to 1t.

Sample and Dmts Gathsring Procedure -

Datas for the experiment were gathered through
the use of s standardized group measures of
acedewmic achievement in the ersa of mmth
computetional ekilles to wmessures the efimct af the
treatment on wmath achievewenl. It wa=m
administered at the beginning of the sxperiment as
» pretest and the same mERsurs vas adeinistered at
the #nd of the trestment period to determine the
gain 1n gracde eguivalent scores. Incresmed
maotivation through schaocl sttendance wam
determined throuph documentation of attendeance 1in

school records. An mttjitucde murvey wvas
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administered on a pre-post badis L0 determine
changes in sttitude among the groups. Depth-of-
involvemsnt wasx meamured through rated
obmervations sand wxit intervieve alftsr no lesa
than five sessionm with the computer for sach

group.

Four wmicrocomputer stations with sppropriate
peripherals were required for the study to be
completed. Educetlion softvare exemplifying the
typea of mofitvare design to be studied and dealing
with developmentsl math skills on s first through
fifth grede level were alec regquirwd. Students
ware sxpomed to a miniwun of 20 minutes of CAI a
minimum of thres times a weex for s pericd of cne

senerter 0f 18 wesrknm.

Limitationms

Since the intent of mlmomt mll
sxperimentation im to establisgh that the
sxperimenteal treatwent did or did not make =
differsnce and to be able to generalize findinga,
it was necessary to conslder thome threats to
internal and e&xternal validity which may limit the

ecope of the resulte of this particulear atudy.
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The aslection of the resssarch design wam critical
1f the ideal of both atrong internel and external
validity wes to be reslized. Thim is particularly
true for education resesrch as gensralization Ipr
uae 1n the field 1a the generally recognized gonml
{Cambel]l mnd Stanley, 19631).

The Honeguivalent Control Group Design vYas
selected in order to minimize thrests ta internal
valldity and becauss true randomizration of the
populstion sample vas not fesmible. Ammignment of
clesnes to partitipeate 1n the experimental, or
mlternete trestment wae randomly selscted.

However, in uming this demign the main threats to
internal validity of maturstion, history snd
testing werws controlled. Matching between
experimwentesl, wlternste trentment and control
groups vas not condldered in corder to miniwmlize
regression wffecta. Thim was wiso truw of
limitaing the population pool only to students 1in
the alternative wducstion pragram. Thim precluded
normal students as mw control who would necesxsarily
have much stronger academic scheivement am &
baeeline, thum being mubject toc greater regle@ESlon

affects, Eatching groupe would alec have been
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difficult with the limited pacl that wvas available

in the alternative sducatian group.

One threat to internal validity thst vas not
controlled in the eeslected design wvas that of
atlemction-maturetion. It waw expected that thers
would be growth 1n the control group scores due to
maturation and other factors other than the
sxperimental trestment. Thim mame growth caould
alsc be reascnably expected within the
experimantal mand siternate trestment groups,
kepping this problew to » wminimum. The validity
and relisbility of instruwentation was aleo aof

concern vith the short duration of the Ltrsatmant.

One liwitation in the study wvam the
instrumentaticn. The need to use levels of math
achievewsnt tests sappropriste to the instructional
level of the student wvams of concern. Thim
necessitated the use of three levels of the
Stanford Achisvement Test, HMath Computstion
subteset, FPrimary 1, 2 and 3. Although much of the
content materisl on the different levels
overlapped, thers were scwme diffsrences. These
differences are indicated con Table 1.0, Then, 1in
order to have s standard sccre that could be

squated escrose the levels sccording tc the norm
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tables, wmll rav mcores were converted to grade
sQquivaients. Stucdents verw given the sawme level
teat they had taken for the pretest am the
posttest.

One further thresat to internal velidity could
heve Desn the effect of specific events in history
on ane group without a #imiliar effect aon snother
group. These svents too should have besn minimal
within the smomevhest controlled sstting of the
wchool environment but the posslbility could not

he eliminated sntirely.

An mres found to be of conmliderable concern
in the piloit project was the issue of mortality
becaume of the general nature of the populstiocn of
students in the pool. There wvem u large dropout
rute over the life of the study due to students
moving, withdrawing from school or otherwise no
longer particlpating in the projsct. Becauss nc
attempt at meatching was macde and thers vask no
cpportunity for self-selection into the study, 1t
wvas sxpected that neither the control,
sxperimental, or slternate trestment group would
be mny more likely to experisnce greater

mortality. Hovever, becauss of the motiveation
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affects sa@cocisted with computer ume sand the
differences in the apftvare packages toc be tested,
it was difficult to determine prior to the outcome
1f what wvas presumed more motivating in scftwars
vould prove to be true and therefores influsncwe
dropout rates am vell as the othar variablews

measured 1n the study.

The externml validity of the study alsoc
encompassed threats which were of concern. The
firet wam thst of populmtion validity. Since the
study ussd students wvho wvere clearly identifised as
underachievers, r«sults vould only be
geanerslirable to that type af student. Although
it would heve besen squeally interesting tac explore
the effesct of different sciftvare spproaches to
inetruction with reguisr and gifted studsents, that
vas bevyond the ecope of this particulsr projsct.
In acddition, when mttempting tc generalirs to
aother underachieving groups it would be necslaary
to know the specific characteristice umsed to
define the populsticon as underachievers 1n order
to make vallid compariliecns. The slternative
esducaticon studente i1n this Cass were the
experimentally accessible underachisvers. becaumse

the sample inciuded thim entire populsation within
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one school system, statistical inference toc other
underachisvers in thism system mesting the mame
criteria ahould be velid. However, i1f gensralized
to all undereschiwvers i1in the country regerdless of
melection criterim, results would be much more

mpurioum.

Because this study demlt vwith only s mmall
portion of the possible scftwvere designs for
inetruction such ae those using graphlcsE versus
those which did not, 1t is alsc extremely
important in generslizing tc be specific in the
type of program design Ifor which the results

npply.

Although the use of computers is mtill nev 1n
the sducation setting, 1t wvas sx¥pected that therws
would be little "Hawthorne Effect”. Clark (1983}
defined the novelty sffect am "the increased
effart and attention ressarch subjecte tend to
give to medis that are novel to them" (p. 449).

He stated that this somstimes results in increassed
weffort or persistence vielding schisvewent gains
which tend to diminish as students become more
Zamilier with the medluwms. He cited the Caswe
iKullk, Bmangert, mnd Willimms, 1983) where the
efiect pize diesipated significantly 1n the longer
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duration studies lasting esight wéeks or more. T
acccount far this, all alternative education
students were sxposed to Computers and computer
apmlmted inetruction in » pilot program for & full
ssmester prior te initimtion of this study. In
addition, this study was conductsd cover = full
eemeater conslsting of 18 veeksa Tc reduce the
probeability of novelty effects, NeverthelessE, 1t
must be noted that this duration is = relatively
ahort period of time over which to incresme
acadenic growth conmidering the limited
senaitivity of the testing instrument and the

underachievement of the students.

Zince CAl and pre-post testling hms pesn
generally routine due to the pilot project and to
required standardized testing in the schoola for
other purpomes, only the nature cf the scftwars
was cdifferent. HNo cdisruption cf norsel routines
wam involved and no students werw avare cof the

sexperinental nature of the study.

Since the study opermted ms & part of math
inetruction, it im expected that acceptance of Cal
in general will be very pomitive with the
inmtructor. Breacey {1i983%s) muggests that those

vith u math background loock much more favorably oaon
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working with computers 1in the classroom and
frequently mre initiators of Cal. Therefore, if
any teacher sffects are bilasing, it wguld be in a
rozitive direction and have sgual opportunity to
influsnce the experimential, sliernate treatment,
and contral graup. Clark (1983) states that there
is evidence that wvhen studles cancerning lesrning
and media sare aubjscted to meta-analyminm,
confugion betvean the medium and the method often
showe up. He states that the positive sffsct for
medium more or less dismppearw when the same
instructor produces sll trentwments. For this
reamon an sffort vas made to have the same teacher
instruct the students cowprising both the
experimentel and slternate trestment groups.
Because of the constrmints of the natursl sstting,
this wvam not pomsibles with the control group. In
lieu of uming the sawme teacher, students in the
control group vere divided smong three difierent
teachera. In thim manner the strength of the
effects of content or methodology of any one of

the instructors wvould be minimired.

In measuring the dependent variable of math
achievement, there vas the diffjculty that the

curricular content of the achisvensnt test and tLhe
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instructicnal software may not D# congrusnt 1n all
respescts, Howsver, becasume of the epecificity of
obiectives in the math curriculum, it ims far more
likely in thim subject ares than in any other that
the instyuwmentation memsured the skilles tesught i1f
the instruction wxa effective. An mnalymis of
the content ares twsted matched aguinst the
speclfic ekKille taught by individuml eoftware

programe is presented in Teble 1.0.

To fucilitete accurste execution of the study
at the origination of the project, teschers
received inwervice caoncerning softwere, operstion
of the hardware, and instructicnal programming
with Camputer Assisted Instruction over the period
of five daye during s semester. Pricr to the
pilot project, insiructionme on setting up and
operating computer stations vers reviewsd.
Teachers did not uee any other medis aor visuasl
materials 1n their clasercom ilnetruction with the
sexception of the usunl student worksheests.
On-golng consultetion and amsistence vas provided
throughout the pilot project and mtudy. A total
of fifteen viesitations were made. Obeervatione
took place over a total of four dayes during the

piliot mnd mix deys during the study.
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It wam conmidered difficult to separstes out
the sffect of computer i1nstructlon in math
schisvement galinw over cClassroom inmtruction due
tao the supplewmental nature of the CAl
lnvestigeated. Individusals continued to be sxposed
toc math wkille in the regular curriculum. Lookang
at the regression wifecte vith pre sng
posttesting, end the use of & cantrol group vere
the best sethods for miniwmizing this problem,

More mpecific recognition of the types of students
involved in this particular eslternative sducetion
program accounting for such things ma
socioeconomic level, past sttendance history, mnd
general intellsctuml ablliity may all prove
limitatione to the sxtent of genereslizability
poseible.

Ethical Considerstionms

Becaume of sthicml conmidermtions, students
participating as part of the alternate treatment
or control group will be glven Lhe same
opportunity to ume the sxperimental group CAIQ
softvares after the posttest lx administesred.

Amgignment of individusl studente into the
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experimentsl, mlternate tremtment or control group
could not be completely rsndomized due to the
limitmticne of mcheduling slthough sessignment of
the type of softveare to groups oNCe maExigned vas
randomized. All #tudents sasigned to a Class
period wers selected as the experimental,
alternate trestment or control subject by scademic
period. For reporting purposss sall]l students were
identified by their student code number. Clasw

periodm were randowly assigned to groups.
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The theoretical buwis of this study oves much
to the claseic work of Thorndike end Skinner on
condltioning. Thorndike's third lesw of lemrning
(="law of wffect™) mtates, "Corrsct movements of an
organisw tend to be stamped ip by the satisfmaction
cf mucceas and lncorrect ones sradicated by the
dissstisfection of fmilure (Thorndike's other two
lave of Jjlewrning were that movemsnts most
frequently and most recently performed tend to be
repeated. }* (PBowwn snd Hobwon, 1574, p. 2337,
SKinner's thecretical amapects arose out of an
sxperimental basis to propose "operant”
conditioning. An animal cperuies on iim
snvironment to receive what 11 wants. The action
im initisted by the snimal pnot wlicited from 1t ax
in cleemicel conditioning. Skinner found that 1t
vas pomsible to get virtually complete control
over manimels such aw rats or pidgecns by changing

conditionse under which they mcot.

SKkinner's work svolved intoc the

stimulum-Tespones (S-R) thecry of motivation.

29
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According to the S-R theory, a child coes not have
to want to lewrn something in order to learn 1t,
but hs does have to want the rewerd provides for
learning. Thim reward iwm termed reinfarcement.
Aeinforcement to be effective must be Lamsediate.
wWhen reinforcewent ix applied to instruction, the
student works et his own rats in swmall encugh
steps to make reinforcement very likely. Under
these conditionas research shovwed learning to De
highly efficient in terms of retesntion {Skinner,
19681},

A® sarly as 1954, Skinner ussed the conceptis
he developed 1n operant conditioning to propoas
the devalopment cof tesching machines in him 1954
article, *The Science of Learning and the Art of
Teaching”™. Thie article vam later included as &
chapter in his book 1968 Ths Technolegy of

Teaching, . He vrote, "The simple fact im that, as
a« mere reinforcing mechaniem, the tssacher 1s out
of date, Thie vould be trus even 1f a single
teacher devoted all her time to s wingle child,
but her i1nsdeguacy 1s multiplied manyfold when she
must serve aF a reinforcing device to many
children at ance. 1 the teachsr 18 to take
advantasgs of recent wdvances 1n the study of

lemrning. =ahe must have the help of mechanicml
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devices" (Skinner, 1968, p. 22, Thim work wvas
very influential in the subesgquent proliferation
of programmed learning. Even at this time 1in
himtory, hs cautjoned that the progreaw doems the
teaching not the machine. In his lmter book

Beyond Freedom and Dignity., Skinner (1971 further

sxplored the conflict pbetwesn technology and

neturslism,

Premack waw greatiy influsnced by Skinner
when he proposed & noticn of reward that he
thought useful in school smitustione {Bowen and
Hobson, 1974, Premack sxpanded the concept of
reinforcement propoasd by Skinner. Fremack
believed & revard wvas mnything someons liked
daing. The use of behavicr scdification
techniques in educstion exphasized the concept of
using anything that sppesls to the student s& &

revard.

Ampects of softvare programs salient to this
study can almc be treced back to other sducaticonal
thearists. The ability to exsrt control aover the
lemsrning situsticn may alwo influences learning.
Meill, = reforser in the progressive education
mavenent, was concernsd about the Ifresdom of the

child., He followed up on the philosaphy of



3z

Roussesu in the 18th century and Dewvey in the
19t h. Heill felt thmt “the child must never be
compelled to leern. .. (but)] seek lemrning only on
the basieg of his own inner nesds end drives®

{Boven and Hobeon, 1974, p. 310).

Feterm used the technigqus of snalytic
philoscphy to "help clarify many bamic concepie in
wducation; concepte® like education iteeli, am well
m thows of tesching, tralning. indoctrinating and
caonditioning.- A preciss understanding of theas 1m
neceasaary vhetever sducationsal theory one adopta”
{Bowwen and Hcocbeon, 1974, p. 3480, Peterm belleved
thet wducation should have i1nptrinsic value not
merw«ly be the meanm to un end. He sdvanced a
philcesophical view of sduceation 1n which hw
sndesvared to resolve the conflict bhetween
treditionalism and progressiviem by creating s
midd]e-of-the-road viev af education. In ham
philosophy, weducsation becams 1nitjiatlon., an
intrinaic value vith useful by-products. It wam
necessary toc get the pupilil to care about what ie
worthvwhile in & vay that involves svarensad and
voluntariness on his part. Educated im not warely

tralned.

Petwre himsel: aumg up his overall approach
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to soducation:

..1in sducation theory my position ie
suBentially s synthetic middle-af-the-road
position. I mttempt to draw out what 1w of
valus both in the traditicnal formal
sducation end in the child-centersd revolt
agsinmt it. To reconcile emphasis on the
individuml with the sssentinlly mocial
character of education, to mes the value of
authority vhile ressining fundamentally
antagonistic to it, to defend freedom while
stresming the nacesslity for constrainte when
dealing with children, toc maintslin that somse
pursuite are more worthwhile than cthers
vhile, at the same {ime, StresEing impartance
of individual choice and individumsl
interestsa. Anyone who takes such & pasition
im likely to be sttacked bBoth by
traditicnalists and by progessives
---novadays probably more by progressives;
for, being more recent phenomenon, they find
it difficult to azcept the role of sn
antithesis in m developing dialectic. And,
of course, texta can alvaym be gquoted to
support elther type of sttmck. Thim 1im

scmething that anyone who tries to reconcilwe
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opposites must learn to live with; for the
OfFpOSlng voices cowmé not just from outside
but from within himewlf. (Bowen and Hobson,
1974

Threacda of nearly all of the major historicai
philomophies of educstion become entwined in the
current study of the programming of educationml
softwvare to maxiwmize learning. Skinner designed =
teaching machine hased con smome 0f his mRjor 1deas
about behavicral psychalogy am appllied to
sducation. These idess were that teaching should
incorporste individusl, interactive jnstruction,
and mhould give the smtudent immediste fesdback
(Zientarms, 1984). In a 1984 interview he
explained that "It va=m an sttewpt t0 do what the
madern computer does... The main thing sbout
progremming ia that the stepm students take are &o
amall that they're right 90% aof the time”
(Zientara, 1984, p. 231.

The original "tesching machines" of Skinner
have becoms the sophisticeted technologlcal
devices described ss computer hardvare and
anftware yet gtil! the maxim im: programa tesch,

not machines. Scgftware designers have used the
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besic principles of reinforcemsent theory snd the
capabilities of the new technology to accomplish
nev heighte of individusalirzation, i1mmediacy, mnd
coneistency. Programm can be designed varying the
degree Lo which the student hes control over his
lewrning such as NHaeill, Peters and Prewmack felt
wAE Tegquired. Theoretically, the technologyY now
existe that intrinaic motivation can be
incorporated in sver 1ncreaming lasvele of
complexity and matched to the individusl
characteristice of the student. But what we still
cannot sndwer = whet factors or combineation of
factore will meaximize lsarning with computer-bassd
inwtruction for individuale of varying
characteristice and under what cilircumstances.
There im controversy in the resewrch concerning
whether intrineic motivaticn fuels lesrning anc if

it does, tc what degree (Lepper and Malone, 1984).

Treatment or Analytical FProcsdures

The bamic premise for thiam study ia to
wstablieh conditicna in which the use of the
computer will meke it pomssible to study variables

that affect intrinsic motivation in learning asnd
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conmequently their eventual instructional
sffpctivensss. According to

Lepper und Malone (1984::

A firet thing thet wmicrocomputers will
sdd to these cleseic motivetional debates,
therefore, im a laboratory in which verisbles
relevent to esch of these models--variables
thet influence challenges, curiosity, and
control--can be systematically studied. In
addition to this besic laborstory functian,
hovever, the microcomputer slso offers new
oppartunitiss for studying intrinseic
motivation from other perdpesctives as vwell. ..
In short, the cowputer provides hoth a
natural laborstory for studying traditionsl
modelm of intrineic motivation and s mesns ol
extending our understancing beyond those

traditional modelm. (p. 3}

They mtate that the other perspectives of
intrineic motivation that the computer enables us
to study include the factors that influence what
cen be culled fantmay involvement such ae graphic
characters, story plotw, =sound effects, snd all

cther poasible technicel devices that svoke w»
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playful set, m pereacnalizstion of mwaterisl or

involvement 1n fantamy ([Lepper and Halone, 1984).

One of the important issaves railsed in
sducationeal computing discussions is whether
factorw enhancing intrinmic wmotivetion inCrease or
interfere with the lesrning of sducational
content. Since momt school systems, not
individual students, control the ampount of tiwme
spent oOn = specific subject, therw has besn
relstively little intersst in the 1ssus of
intrinsic wmotiveation ee 1t sffects time-on-task
faor instructional work that takes place during the
schagl day. Thim lasck of knowledge about the
wiiect of thewe technigques on the mastery of the
content has led to disagreswsnt in the literature

{Lepper and Mmlons, 13984).

Some authorities bwlieve that the grester the
level af srousal of the student, the wore lsarning
will be snhanced (Zsjaone, 19633, Others belisve
that heightened interest vwill channel attention
toward the instruction for better shsorption of
the material {Easterbrook, 13939). In sddition,
ROMmMyF reEsArchers have propased that incresssd
motivation will incresse sctive lpnvalvement and

depth of processing of content materimi {(Condry
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and Chambers, 1978; Craik and Lockhard, 1972:;
influence or change the child's mood atate {Imen,
Shalker, Clark snd Karp, 1978!; or foater
subesegquant recall or tranefer of the i1nformeticn
through concrete representmtion of abstract
concepts (Anderson, 1980; Anderwon and Bower,
19731, There sre those vho believe that the
additicon cof extirs game-like slemEntes are
distracting and tend to impair learning or st
lwast make 1t less eifficient and others who
believe thesxe #lewments enhance learning (Chanian,
1964; Leppsr and HNalone, 1984; HSowean, 1382).
Otherp gquewtion whether the negative consegquences
of much motivating material would outweigh any
advantages (Ohanian, 1l984; Kulik, Bangert, =and
Willismm, 1983; Edwardse, Horton, Teylor, Weiss,
and Dusseldorp, 197%)7 Will clessroom work become
dull und boring since it s not sccaowpanied by the
motiveticonel devieea of the computer (Bergen and
Schalmen, 1984)7 Will the general positive
mttituded spil]l over to c.assTO00Om ECtivities
tKuiik, Hangert, and Will:awme, 1983: Bracey,
1982m 17 Will wmll types of students benefit
wqually (Kulik, Bangert snd Williema, 1983;
Jamimon, Suppem, and Wells, 157417 Will

motivationml technigues wnhance slready able
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students’ performance cor will 1t prove more
a«ffective for thome studenis who do not typically
respond well to traditional methods (Roblyer,
198%5; Xulik, Bangert, and Williamw, 1983)7

Lepper and Melone 11984 summarize the
factors by which wmotivetional appesl might enhance
instructional value or produce detrimental sffects
in terme of inatructionel design principles.
tTable 2.1)
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Table 2.1

EFFECTS OF MOTIVATIONAL EMBELLISHMENTS ON
INSTRUCTIONAL EFFECTIYENESS

Attentional Effects
Instructional Time Principle
Attenticnal Focum Principle

Goml] Congrusnce Frinciple

Feedbuck Effscte

Informational ¥alue Principle

PDapth-aof-Involvement Effectm
Depth-of-Anslyeise Principle
Imagery Principle
Identification Frinciple
Selfi-Reference Frinciple

Contrunl Effwcts

Perscnal Contreol Principle

Arousmnl Effectm

Conmolidetion (Optimal Aroumal! Principle

Affective Effects

FPomitive affect Principle

Multiple Channel Effectwm
Multiple Representations Principle
Multiple Contexts Principle

Multiple Modslitiems Principls
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Esch cf the factore in Teble 2.1
acdressea mn area of motivation that can be
munipulated to influence lesarning. The first
area, Attentionel Effects, demla with direct
cantrol of the atudent’'s sttention to the
tamk. Three different aspects influsncing
control of this attentlon ars the
inptructicnal time, sttentional focus and
goal congrusncs, Inetructional time rafars
to the actusl time-on-teamk thst is
productive. Embellishments wuch me graphics
may add to this time, or they may detrmct
from it if thaey divert attention frem the
critice! ocutcome of the task. In the same
manner the second principle, sttentionsl
focus, may divert sttention from pertinent
materisl by such thingw sa pictures or
animation. The third principle. goal
congrusnces may almc enhence or divert
attention. It 1w dependent on whether the
atydent's goal coincides with the program’'s
lemrning goals or conflicte with the
inetructional gowl wvhere only plarving the

game becomes ilmportant to the student.
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Fewdback Effects deunl with the
infcrmational value of the Ifeedbeack given.
These s#ffects are dependent cn the gqumlity of
that feedback 1in an activity. It can be
positive 1f it sddm to the student’'s mbility
to learn or negmtive if it ohecures the

informeticonal value of the feesdback.

Depth-of-Involvement referg toc the level
of cagnitive i1nvolvement the student has with
the activity, Thia may affect how
information is processed and whether 1t is
retained or transierred. The first principle
under thim, depth-ci-snelysis, desls with
methode of presenting material that encourage
desper processing and mental effort. The
imagery principle suggests that the use of
mental i1magery in processing materisl
snkances learning and retenticn. The
lodentification principle muggests that the
ability to provide the student with a umseful
point of viev from which to consider and
orgenize material may snhance lsarning. The
fourth principle under self-reference,
invalves peracnalization of the matesrial

enhancing MastEry.
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The next motlvationel embellishment 1s
Control Effectm. AS has bheen previously
dimcussed, control involves the mbility of
the mtudent to determine elementes of the
learning process. The principie under thia,
personal control, may affect lwarning to the
sxtent the |sarner ies permitted to usme him
own discretion to determine criticaml or

incidental wepects of the lesrning process.

Arcusasl Effectms are concerned with the
level of student involvement in the process.
The conmolidation for optimel argsussl)
principle would suggest that the level of
arousal must be tmliiored to the stuge of
learning for optimal performance. It may aid
in the cansclideaticn of lsarning but disrupt
initisl scquimition.

Affective Effgecte refer to the mtudent’'s
affective Ftate. The pomitive affect
principle® predicta that 1f this sifect im
pocaitive, then learning will bhe snhanced

poslitively.

The last arem of motivationml

smbellimhments on instructional effectivensss
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detailed by Lepper and Halone (1984) is that
of Multiple Channels. This cesls with the
processing of the same informatian from
multiple scurces ar perapsctives. Thim way
enabie individual Atudents to use the channel
best suited to their own learning style. The
pultiple representations principls suggests
that the combination of several instructiconal
approaches may snhance lemarning. In the =ame
meanner, le#arning may be enhmnced when the
material 1w applied to s variety of contexts,
as Tepressnted by the multiple contexts
principle. Learning may alwo be enhanced
vhen material im presented mcToss modelities
simultesneously, indiceted by the multipls
modallities principle.

It would sappear on the murfsce that
sducmtional moftware would be design#d o
acdhere to the principles of lesrning that
senhance intripsic motivetion. Howvever,
reviewsrs of sducstional scitware have
criticized most mavallable commercisl programe
ag inadequete (DOhanian, 1984; Zientarm, 1384;
Beargen and Schsaliman, 1984; Cohen. 1983;
Walker und Sherman, 1983: Bracey, 138Zb}.
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Since there are potential trade-offm
cetveen pfficiency, (with the likelihood of
more whort term retention! and depth-of-
learning, {(for understanding and long term
memcry! thet exiet in current sducmticonal
software, the research guewstion to be
anevered remains what motivationmal factorse

maximize the intended learning snd for whom?

One arss 1in need of study 1= thw
motivational esmbellishment of endogencous and
sxOogencous graphice and ite effect an
instructional eifectlivensss 1o schisvement
snd mttitude. 0f couree estudent achievewment
may be affected by many factors, such as the
attentionml effects of svailable
instructiconal time on the actual pressentetion
cf content, the attenticonel] focus on the
coantent to be learned of the individual as
influenced by the graphice or by the gomi
congruence betvesn the presentation format of
the program and the acguisition of the sctusl

content,

Fesdbmck sffects may also influence math
achievement scoress am the 1nformaticonal valuws

of the material 18 enhunced or acbsmcured in
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relation to the graphical smbellishwmentme
vaed. Arousml effectw may mild or inhibit
conmeolidation due to the variance in the
student's current steage of lesrning.
Depth-of-involvement «ffects can be memwured
more directly through the use of rsted
cbesrvatione and #xit 1ntervisvs.

Infarmation concerning the depth-of-anelyeis
can bhe determined by cognitive engagement;
the mental imagery used for processing of the
informetion; the use of identificetion 1n
providing & point-cf-visw from which to
organize and conmider information; and the
use 0f persopmlization in welf-referencing to

promote processing.

It ie expected that the usse of graphics
will influence affective effects 1n
positive direction and that thim will be
directly measurable by the sttitude murvey,.
Multiple channels effects may 1nflusnce all
of the arems under conslderation as 1t
permits the opportunity for the student to
utilize hiw best channel for processing
information on = level. A variety oIl

representations, contexts and modalities as
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indicated by multiple channel sffectse should
anhance the student's chance for wncountering
st leamt cone meansa of understanding and
abgorbing the material presented, 1f not many

(Lepper and Malones, 1954,

Empiricel Evidence

The Tesearch thst dcoes exist tende to
atudy the esifects of computers 1n & globel
mann#r on achievement, mnifective/
motivetlional factars and socisl fsctors. The
introduction of CAI, not any of the
programming Ieatures cf the software
utilized, becomss the only i1ndependent
variable. There have besn & number of
studies dealing with underachieving students
which generally Lndicate that CaAl im

affactive.

Jamimon, Suppes., and wWelis {1574
concluded that computer-bssed tesching, vhen
used am a aupplement to regular ilnstruction
at the elementary level, improved achievement
faor disasdvanteged studentms. At higher levelns

it wams found to be at least ag sffective am
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reguler inmtruction but cowuld also achieve
the aame result inp less time. Kulick,
Bangert, and Williams (1983 cowpletsd a
meta-anelyeis of 31 separste resenrch studiee
completed betwesnn 1968 and 1979 on students
in wixth grade or sahove, They found that 1in
almoat sl]l cuses students with CAI scored
hetter on tests than they would hesve without
it. The snalyeis mhoved that computer-bamed
teaching raimed student®’ acores on final
examg from the 30th to the B3rd percentile.
Kulik, BPangert, mnd Williame (1383) were able
to make & number of other conclusions from
their anslymim. They found that nane of the
feoatures and outcomes they investigmired could
e considered clearly statisticaelly
mignificant with the number of studies
avallable. They found pomitive sffsctE on
Tollow-up testing in four out aof five studies
but none of these ret#ntion effscte wasx large
snough to be considered mtatisticmlly
mignificant. Yery positive attitudes were
found on the part of studenta towvards the
computer in four cout of four studiem, and
tovarde the courss they were taking in sight

out of ten gtudies but of these only threws
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vere Statisticelly reliable. The computer
reduced the amount of time nesded for
learning 1in tvo studies. They stested, "The
weffecta of computer-beased teachling sesemed
empecially clesr 1n studies of dissdveantaged
and lov aptitude students, for exsmple,
whervas wffects appemsred to be much smallier
in studies of talented mtudents” (Kulik,
Bangert, asnd Willimswa, 1983, n. 261.

The Educational Testing Service
conducted = ptudy in collaboration with the
Los Angeles Unified School Dismtrict. Reaults
of this study slso showed very positive
outcomes !(Ragostas, Holland, Jamison, 1982,
“ETS found that in msthematica, children vho
had sccees to the computer for only 10
minutes & day scored significently highesr
than thoms who did not hesve such scceas.
Twenty minutes & day doubled the gmin a&nd me
the study progressed, ETS found that the
children increased these gainms cver those
wvith no sccems [(Brascey, 1982b, p. 52). Thism
study focumed on CAl in compensatory

erducmtion.
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Roblyer (1l98%) writem in her book

Hessuring the Impact of Computsrs 1in

Instruction, "One of thes grest unsnevered

questions 1n educsation 1&: ‘How much do
computers actually rmprove instructional
methode msnd, conmeguently, student
achisvement? ' = p. 3 In her bocok she
reviews the results of ressarch to dmste, both
befores meta-analysis and using meta-swnalysis
to sdodress commonly held assumpticne in
computer assisted 1nmtruction. Hovever, &he
Etmte® that substantially mors date 18
nesded. Roblyer mumnarized five reviews of
repearch from 1973 to 1980 prior to the
introduction of the metm-snalydis technigue
tTable 2.2, firet five limted!. Although
differences in methods und focuses made it
difficult to summarize, =she stmted that in
generml]l thess studiem supported the following

conclumions:

--~Largey guing vith computer trestments
peem to cccur mare fregquently st

wlementary levels than at higher levels.
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--Equal achievemsnt bhetween
computer-bamed snd non-computer
treatments are the momt prevalent

finding.

~=Supplemental-CA] mesms to result 1in
greater galnm more frequently than
substitute-Cal,

--The factore most pomitively sffected
meem to be reduction in learning time
and attitudes toward 1netruction and

computeras. (p. 11}

Ceppite crificiems of the meta-anelysis
technigue, Roblyer (1285) states that this
procedurs, ~“inp instructionsl computing =hould
be mwen am a powerful addition to -- rsther
than & replacement for -- previous reviess
and future resssrch 1n the area"™ p. 14,

She summarirws seven meta-analywis revievas of
ressarch from 1éao to 19835 (Table 2.2, lamt

asven listed),
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Table 2.2

SUMHARY QOF 12 REYIEWS 0OF RESEARCH OH

INSTRUCTIONAL COMFUTING

Authorie) Year Focum Review Hethoo

Yimenhuler & Dralls Cifferences

Eaam 1972 Presctice 1n galins

JAMi @O, All Sign.ve non-

Suppes, Wells 1974 Studies mign. diff.

Edwards, All Sign. v nan-

ot al, 197% Studies mign. diff.
Sign. va nan-

Thomam 1979 Secondary wign. diff,

State of All Sing. ve non-

Florida 1580 Studies sign. diff,

Kulik 1581 Hath Metu-anmnlysis

Xulik, Kulik,

Cohen 1980 College KEeta-analywis

Kulik, Bangert,

Willliawas 1583 Secondary Mets-mnalyeis

Kulik, Xulik,

Bangert-Drovwns 19584 Elemsntary Meta-analymis

Burne &

Bozeman 1581 Hath Mete-mnalyeim

Roblyer &

King 1983 Reading Hets-anmlywim

Gluan 1982 ETA Study Heta-analymis

Taken Irom Roblver

(198 p. 2E7.
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In genersal, Roblyer (1598%) ssye the
results of mata-analywmis reviewe support
resulte of the previously menticned reviave

with mome sdditional inforwmation:

--Higher sffect sizems srem t0O be a
function af grade level, with
achigvement decreasing ae grads levels
increase. The highest efifect =mizes

appesar to be found at sismsntary grudes.

--Computer-tased instruction achisves
consistently higher effecte than other
inetructional trestiments to which it is
comparsed in experiwmental sifusticns, but
the ewifects umually range from smail to

smoderate 1n magnitude.

~=Supplemental cofputer-bamed
instructicon weews to Tesult 1n grester

affecte than replescement CAI.

--Computer-based treatmentm oeem Lo
result i1n smignificent reduction in
inAtructional time and 1n more favorable

attitudes toverd computers.
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--In reading, thers ure higher sffects
for non-drill CAI which 1w uaed in
smallier groups; in meth mreeas, non-drill
alec achieves higher effects overasll,
although younger and lower-shbility
students seem to lesrn comparatively
better from driil msnd older,
higher-level mstudents sppesar to profat

more from tutorisl-type CAI,

--In genersl, mathematlce sre¢am seem to
profit wore from computer-based
inEtruction than reading/languages aris
aream, but at the college level, results

indicate just the opposite sffmct.

--At least tvo ressurchers have found
that, mlthough computer-based methods
usumlly have besn shown to result in
increased achievewsnt, sifect xilTew are
often smaller than thome from studies of
cther, non-computer strategies such as
instructional television aor improved

reading/wtudy mikills.

--The momEt currsnt revieve indiceate

better results 1in more recently
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published studies, and vith mtudlies
uming CAI/CH]I strategises as cpposed to
more unetructured "computer snrichment -

activities., (p, 200

Roblyer (1983 bsliwved the following
general conclusiona couid be made from her
analymls. Few o0f the instructional
sctivities reported in the revievs supported
teacher-lessse learning. In most instsncen
suppismental CAJ rather than submtitute CAl
was found more elfective. When CAI vam
compared with traditional classroonm
instruction, 1t usumlly resulted in grester
effacta. Hovwever, thers was not evidence
thet this held true in larger classss. &nd
reduced class wize waw Jenerslly not studied
although Glass (1982} thought thest thie kind
of ressarch would be helpful. The bpelisdl
that CAJ] aildm retention hmd very little
support in the current demta. Reduced
learning time through CAIL, hovever, ssewmsed 1o
be wupported particulsrly st higher grade
levels. There wasm substantial evidence to
refute squal effectivenens nt all grade

levelr and mll content aress. Roblyer (13983}
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staten, "Mowt of the revieva reporited
migrificantly better results with lowver
ability learnsrs and lover grade level
students, and 1n mathematics =8 Coppomed to
reading/langumge arems™ tp. 241, Finally,
recent studies of new technology and
innovetive teaching mpproaches give little
support to wuperior uee of the computer 1in

this mres.

Unfortunately, as was satated by Lepper
and Malone (1983) and indiceted repestedly by
Roblyer (198%3) there are no atudiesm avallable
as yet investigeating the uae of different
inetructional strategies incorporeated in the
softwars programming rather than j;ust the ume

of the media of the camputer.

So we have the beginnings of ressarch
indicating students cean improve achisvement
with CAl wewspecially for underachieving
rtudenta. The srea of meth is well
sstabliwhed ux 2 amubject benefiting from CAl
to achieve acascemic gsinme. Thism study
Propomwes to tak® thims basis of resesrch and
to define more cleariy the particular
circumstances undsr which beneficisl results

are obtained.
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Seventy-four studente were 1denti1fied wvho met
the criteria for samissicon to the mliernative
program 1in grades 1 through 3. The criterie for
admismion inciudes 1! students vho are currently
assigned a grade placement within grades 1-35; 2}
students who have heen retained three or mars
timesx; 3) studente who if tested have been found
ineligible for special sducation; snd, 4) studsnts
vho have not been retalned dus Strictly to
sbhenteeisw. df the original pool of 74, there
van 8 1Z%¥ mortality rate over the lifa of the
study totaling 9 studsents, weven from the control
group and ons wach from the mlternate trestment
and sxperimentsl group. Therefore, the overall n

of the study sgqualed &35.

Students welected for the svudy consisted of
the entire pacl of students eligihle for
alternative esducation in grades 1-3. Students
werea amsigned to the sxperimentiml, slternate
treatment or control group according to the class
period in whigh they wers agsigned toc math Clesas
from which the computer lesborstory vas directed.
All mtudente in & period participated as mn

57
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Fxperimental group, an alternate trestment group
or e a control group. Clasm periccea wers
randomly sasigned ms experimental, slternate

trestment or control.

Treatment Dates Gathering Methode

Students participating in thim study received
approximately 20 minutes of supplemsntal math
instructicon presentsd through the use of computer
asnimted inmtruction. Each student had sxposure
to the material at ieast three times a veek as
permitted by the school calendar. Thome studentas
participeting sm part of the alternats tresatment
group wvere presented math skilles through scoftware
that sither contained no graphice or graphice thet
were not part of the instructionsl lesson, Ho
graphice in the pressntation of the materisl to be
lenrned were permitted. Only filigurem 1intrineic tc
the mathematic concept iteelf pr st the end of the
lesmon wvers permitted. This would include such
things am the representatiaon of a trimngle when

learning the concept trisngle.

Studente participsting in the experimental

group were presented math mkillas through soft{wvare
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thet contained grsphice thet were integratad intc
the program. These programe incorporsated baoth
endogenous and exogenous graphice in w veriety of

ways that enhance 1ntrinsic motivetion.

Saftware for either group could be in = game
format and could uee instructicnal experiences,
tutorial inetruction, game® or problem solving.
An attenpt wase made tc match presentation of
specific content i1n the seme format for each
group. The inmtructional purposs of the software
could he remsdimticon, initiel instruction,
standard instruction or snrichment. However., no
animation or 1llustrations other than that just
menticned vas to be umed with the alternate
treatmant group. The sxpesrimsntal group used
scaftvere that lncorporated illustretions,
graphice, ©or pictorial representations throughout
the pressntestilion or &8 elabarate immediate
fewdback devices. Thess figurss may or may oot
have been relatsd toc the actusl content of the
materisal presented. The criteris umed itc select

software congisted of the Iollowing:

General--Used in awslecting both Experimental and

Alternate TreaLrment software:
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-¥am muitable for use on the svallable
hardwars.

-Content had educstionel value.

-Difficulty level was appropriate to
audiencs.

-Met curricular content of math
inetruction for grades 1-3.

-Was designed for use by an individual
Oor no more than { studentas at a
Lime,

-Users could cperate sasily and
indepencently.

=Frogram wae reliasble 1n normal use,

Scftware for the Expsrimental Group
-Made uwe of high resolution graphics.
~Jsmd graphice in providing fesdbachk.
-May hmave made use of color.
-May hmve made use of animetion
~-May have made use of & game format.
-May have made use DI mound am =

reinforcer.

Software for the Alternate Trestment Group
~Mey have made use of & game foymat.
-Hay have made use o0f a scund as a

reinforcer.
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-May have used text car a figure as

reinforcers.

Both groups wvere given the Stenford
Achievement Teet Math Computation Test =e &
preteat and postiest to measure gainse i math
achisvement. Students in the study completed
all the math subtestes on the Stanfcora
Achisvement Test but anly one subtemt dealing
with math computietion vam used for analyeim.
Thim wam the The Math Computmtion and
Appliceticon wmubtest on Primary Level 1. =msnd
the Math Cowmputation subtest on Primary
levels 2 and 3. Students completed the
appropriste test level for their sssigned
grade. Form E of the test on al]l levels vawm
given as both the pretest and posttest.
Students took the same level test for both
the pretest snd postiest, This Hath
Computation subtest veas sslscted for analyeim
becaums 1t most directly memasured the skills
bei1ng taught in the classroom and in the
moftwvare programs. Becaume 0f the necessmlty
af uming three levels of The Stsnford
Achievemnent Test to measure mccurately

student 'ms computaticnal =kille, =cores were
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reparted as grade squivelentms. Rav mcores
could not be used for mnelysis becauss they
represented different levelas of schisvement
on the norme tebles sccording to the level of
the test taken. In aorder to compare Scores
Aacrome levels 1t was necessary to firet

convert rmv scores to grade sgulivalents.

The Schoaol Attitude Meamure {SAHM)
sttitude survey wag administered on =
pre-post basism to all groupm. The SAiM
Teacher's HManuval (Dolan mand Enom, 1980
desacribes this measures as a self-report
survey ilnstrument developed to pravide
svaluation of student'sa mnifective responss to
their school eXperisnce. It vam designed A=
a measure to mid 1n better understanding the
performence of students in the schaool
snvironment. To da this 1t examines their
perceptions of thenselves am competsnt
lesarners. This mespsure 1m intended to
provide information valumble im making
decisions sabout program development,
individusl sducation planning, selection and
placement of students for particuler

programs, guidance plenning., and the
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development of inmtruction etanderds snd

ocbiectives. Aceording to the manusal,

Even when sducatore plesce smphasis
on the affective consequenced of
mchooling, the leck of rigorous
attitudinal 1nstruments thet focus on
schocl life hams contributed to a limited
perspective on the svealustion of school
outcomes. This has cesumed sducmtors and
school policy-mekers to rely upon
cognitive putcomes us the mesasure of the
total impact of the schogol experisnce an
studente for making decisicnwe about
curriculum snd resource allocations.

0f the wifective ilnstruments that
have been aveilable to sducetorw 1n the
past, many have hed limited wpplication.

Among the most sericus deficlenciss Are!

-Lack of attention to the cognitive
prerequlemites necesanry for studsntis to
reapond to self-report itemme [(far

sxample, inappropriate resding levela!.

-Fallure to conetruct wnd aselect survey

lteme a0 theut mtudente do not chooas
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responaes wimply on thelir social
desirwbility.

~Inappraopristeness of memsure=s for a

wide range cf mges.
~Limited support from validity stucies.

~Fmilure to addreas the
multi-dimensional neture cof affective

development in achools.

~failure to nterpret afiective acorws
in light of other indicators of the

impact of achooling.

-Inappropriate aagessment of
intre~perscnal, non-schoal relsted

smcticone or sttitudes.

The inclusion of the School Attitude
Heamure ... confronts many cf these
problema by lacorporating recent
technigues and methode for understanding
and snslyzZing students’ wsffective
reponmea  to thelr school sxperisnces.

tp. 5)
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There are five attitude scales jncluded
in the School Attitude Meamure. They
1nc)ude: Motivation for Schooling; Academic
Self-Concept--Perfaormance Bamed; Acsdsmic
Self-Concept--Reference Hawed; Student =
Senee of Control over Performance;: und
Student’'s Instructionsl Hamtery. Scorsas for
sach subscele are reported individuslly for
each ScCale am » weighted raw scorme. Mo
composite Of scotes ism provided as each wcale
8 caonsidered dietinct. For this reason,
although the students completsd ell of the
mcales, the Motivation for Schooling scale
wvas coneidered o messmurw moet directly the
attituces influenced in the study. Thim wam
the only wcale used 1in the statisticael

analvyeis.

The Motivation for Schooling scais wvaw
designed to measure specificelly the way
students have come to feel sbout thelr total
s#chool exXxperisnce. %1 alec messures how this
can influwnce how hard they want to work in
echool, how highly they velue schoocl, and haw

much they want o pureuve further schooling.
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Itemm included 1n the scaiw, accarding *c the

manunl, had to be relsted to the student's:

-willingnees to participate 1in current
school sxperiences becaume 1t ism

meaningiul;

-demire to perfiorm competently in future

schoo] experience;

~perception of the relstionehip of

current schooling to future needs;
-willingnesa to purmue future schooling:

-perception of the importsnce of school

relative to other activities;

~-perception of the way individusls
significeant ta the student view the
student ‘s school esxperience. (Dolan and
Ence, 1380, p. &)

School attendance recorde were cowmpllesd
for comparison among gQroups. The number of
daye present out of the totsl poseible number

af daym of enrollment, in this case B7 davse.
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was Jae¢d m8 the raw ECore 1n the statisticel

anmlymim.

Rated cbeervetions vers conducted an
each aof the students within the lmst month
the study. This consiwted of u 20 minute
obmervation in which esch student wvas rated
oncw #Ach minute am to whether they were on
tamk or off task. Rating datm were cOmplled
to determine the total number of minutes sach
student spent on tamk ocut ol the total 20
minutsw possible. The score of the totel
number of minutes on task was used xm the v

score 1n the statistical snalysis.

Exit intervievs were alsc conducted with
srch 0f the students participating in s#ither
the altgprnate trestment group, or the
sxperimental group to chtain gqualitative
informatlon concerning their sxperience with
the computer. Theke intervieve Yere
campleted immediately follawing the student =
turn on the computer. The gquesticns used are

limted in Appendix B.
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Evidence of Measurewent Reliability mnd

¥mlidity

The Steanford Achievemsnt Tesmt: 7ih
Edition, Methematice test form E wae used ax
the group standerdized measure for the
pretest and posttest. Although the sntire
temt wam mdministered, anly the Hathematilcs
Caomputmtion and Applications subtest in
Primary 1 snd the Mathematice Computstion
mubtest in Primary 2 snd 3 were used for
statistical analymim. The reliabillity
coefficient for the aubtest HMathematics
Computation wmnd Applications, Primary 1, Form
E waa .B8, For the subtest Mathematice
Computation, Primary 2, Farm E and Frimery 3,
Farm E the reliability cosficient was .90,
The content velidity of the test for s
particular school wsystem can be determined
only by mn detmiled examination of the tswts
thewselves. This vas done 1in order to match
software with instructional objectives tasught
in the Alternative Educmtion Program,

Trimbie (1972} revieving the muth subtest 1n
The Seventh Hental Neasurementis Yearbook

ststem that after 50 years of sxpasrience
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gained in exXtenslive use, these fests do
superbly well whet they clmiw to do. He also
say®R that ressarchers sesking s Kind of
common denominator for arithwetlic programa
throughout the United States will do well to

conklder these tenis.

The School Attitude Messure, a
standardized self-report survey inetrument,
wa® developed to provide evaliuation of
studentm’ affective response to their school
EXpRrlence. BEiass ressarch hus sahocwn that the
te@t itema have been written to sliminate
mexiem and minority bias. The reliability
eptimate for internsl conmistency is .91 for
the totel test. Vmlidity studies suggest
atrong concurrent validity of specific
subecales with other inetruments that test
only ona aspect of affective development.
The reliabnility cosfficient for the subscelwe

Motivation for Schooling ia .76,

Reawsarch Desaign

The ressurch design used 1n this atudy

va® the generally interpretable nonegquivelent
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cantrol group design vith pretest and
posttest.

The resesrch demign 18 repressnted by

the diagram:

o X ]
1 1 Z

0 K O
1 2 2

Q o
1 2

vhere !0} indicstes an obeervation through
tewting; t¥1! indicates the sxXperinental
treatment; (X3) indicates the alternste
treatment; the dashed line indicestex thmat
groups were not reandowmly formed; and the
subecripts after the obesrvation through
testing indicete the seguentisl order of

recorded obeservation.
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The study tock plece in the nmtutral
school setting. Becausse of this 1t wam
necessary to use the naturslly samsembled
grouping of the classroom in differentisting
betveen the expsriwentsl, alternste tremtiment
and the control group. Theme cClmagen vEre
considered ralatively similiar mince sll of
the students must wmeet the same criterim to
participmte in the alternative sducation
program. They are not mo simliliar hovever,
that one could dispsnes with the pretest.
The assignment of experimental, alternats
trestment or control group mmong the Classes
waw randam and under the sxXpsrimenter’s
contraol. Thiw design mskes use of the
control group which greatly snhances iiws
generalizebility but salso scknovliedges that
complete randomization of subj)ects is not
possible. This design controla for as many
threate toc internal and external velidity am

i poemible uncder the given conditions.

The study had & durestion of one ssmeater
wf 18 wewks. All computer work took place
during the student’'s regular math class a= =

part of the normal curriculum. Studenta
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worked on the comsputer individuslly or in
groupe of two. Emach time they recorded the
progrufm used and the time sxpended, Students
wikre given the opportunity to work on their
aspigned software programe a minimum aof 20

minutem three timesr & YEFK.

Since each clase averaged sight studenta
and class periods were 43 minutes long, two
groupe of students were able to work ssch day
at 4 wtmtions during #ither the first or
second helf of the periocd. Aamignment to
wither sgitvare with greaphice as the
axpsrimental group or softwvere without am the
alternate Lrentment group wam of & Clagswide
basis. Therefcre, mll stucdents during a
period were vorking on the same type of
materisl. Pre* and posttesting vam done with
s mtandardized group test, The Stanford
Achievement Test Math Cowputation subtest and
the School Attitude Hessure, Motivetion for
Schocling subtest, st the beginning and =nd

of the =emester,
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Specific Hypotheals

Alternative sducatlion students using =
microcomputer individuslly or in groups of ne
more than two, at lesawt tventy minutes, tThres
times per wveek for one senester of 18 wesks
for supplementel CAIl with software containing

endogencus and/or exogencum graphicse:

1. Would 1ncresss masthevatice schisvement
significantly more than students using
supplenental CAl without graphice a= measursd
on the Math Computation subtest of the
Stanford achievmant Test.

2. Would improve school attitudes
mignificantly more than studentws using
supple#mental CAI without graphlics &8 measured
by the Motivation for Schooling subtest of
the School Attitude Measure.

3. Would incresse school attendance
significantly more thean students uming
supplemental CAIl without graphica as

indicated by mchool attendesnce recordm.

4. Would incresss depth-of-involvement

significently more than studsnte uming
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supplemental CAIl wilithout graphice =5 measursed

an rated ocbaervations and sxit interviews.

Statisticel Analyeils Procedursms

The mtutistical enmlyslw will use the
analyeis of covariance for the first and
mecond hypotheses mesasSurling achisvemsnt and
mttitudes with one repeated wessure thraough
the pre-post test of the independent variable
of the control, experimental and alternate
treatment gQroups. The snalyais of varisnce
will be used for the third and fourth
hypothesss comparing the dependent criterion
againet the indepsndent varisble aof the
cantrol, sxperimental and slternate treatment

groupas.

The Multiple Clesssificastion Analysis
w1]ll be ueed to rank the etrength of the
pifects pf the thres treatmentm in sach of

the four hypothesss.
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The purpcese cf thie study wae tc detarmine
wvhat wiffect intrinelic motiveation 1in soltvare
programé using graphics and non-graphlcs has on
the schievement, sttrtudes, stisndance angd
depth-of-2nvolvement 1in underschisving studenis.
All instruction and testing was administered in
the regular classrcowm metting by projesct teschers.
Fre and postteste were collected und acored for
hypotheses 1 and 2. The resultsnt dmta were
subjected tc snelyses of covariance for sll groupm
uslng the Statistical Package for the 5ocisl
Sciences (5P5S), ANOVA with Multiple
Claswification Analywmim (MCA)., Attendance detnm
and obaervation recorde wvere collected and
compiled for hypothesea 3 and 4. The resultant
dats werw sub)scted to anmlywmes cf varimnce for
all groups uming SPSS, ANOWA with MCA.
Information identifying the time students &pent an
the camputer vam recorded daily by participeting
mtudents. Uumiitative datas waw collected through
individual interviews of participating students.
(Appendix B

TE
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Hypatheeis Hal

Thie hypothesis siates that alternative
sducation studente using & microcomputer
individually or in groups of no mors then two, at
lwamt twenty minutes, three timens per weak for
aupplemental CAI with software contsining
sndogenous and far exogencus graphlice would not
incCresse mathewatice achilevemsnt significently
more than like students using supplemental CAI
without graphice and & control group as measured
on the math computatiaon portion of the Stenford
Achievemnent Test.

Thres groups vere tested in thie sxperimental
dexign: the control group, Trestwent l. 1in which
there waw no CAI; the alternete trestment group,
Treatment 2, in which studenis were expowed to CAJ
without the ume of graphice ax 8 part of the
inmtructicn; and the experimental group, Trestmant
3, 1in which students were exposed to CAI with
endogensaous mand excgenaus graphice for st lsast 20
mMinutews three times per wesk over a periocd of one

sementer of 18 wesrks.
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The number of students used in thims
experiment wam 65 (Tmhle 4.1, Of this number &2
students were analyzed to detsrmine math
sCchisvement gains. Three students ware removed
from the anslysis sfter having found spuricum
results on initial inepection of their pre-post
test Scores. The first smtudent removed had scored
B grade squivalent of 2.0 on the pretest and 7.5
on the posttest. He hed an overmll gmin of 5.3
Yyears 1n math achieveament during a 35 month period
even though he had missed 5% days of schoaol. He
hed only 14.! houra on the compuier when the
average time was 18.3 hours. The sscond student
removed had scored a grade s#quivalent of 5.1 an
the pretest and 0.1 on the post test, He had an
overall lomas ocf 5 vears in math schievemsnt during
&4 53 month pesriod. Inspection of hie test booklet
revealed that he did not complete more than the
firet few Questlons on the posmttesst. The third
student removed had sccred & grade equivelent of
2.0 on the pretest and 8.& on the postisst. He
had an overal! gain of &. 6 years in mmath
mchievement during s 5 month period svaen though he
had missed 44 days of school. He had only 8.5

hours on the computer.
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Table 4.1

HYPOTHESIS 1 DESCRIPTIYE DATA OF THE STUDRDENT
SCORES ON THE MATH COMPUTATION SUBTEST QF THE
STANFQRD ACHIEVYEMENT TEST

FRETEST FOSTTEST
[ 1 Steandmrd Stendard

Trestment n Mesn Devietion Mean Devimticn
Cvermll &2 4.32 1.82 4. 64 1.91
Control 33 4. 71 1.94 %, 65 2.10
Non-Greaphice L6 3.33 1.27 J.591 1,42
Graphice 13 4. 5% L.72 5. 49 l1.863
HNotw, Mean=Grade Equivalent in yesra.

a
Numbers indicate students who completed both
pretest snd poat-test messures.
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The total population mesn (n=62) of the
posttemt math achisvemsent scores vas a grads
squivalent of 4.54. The control group (n+*33) hed
a grade egquivelent mean of 4. 6hH. The miternate
treutment group using non-graphica CAI (n=l5) had
R grade squivalent mean of 3,91, The sxperimentel
group uming graphics CAl {n=13) had a grade
squivaisnt mesan of 5. 49. Students in the study
completed all the math suptestw cn the Stenford
Achievewent Test bhut only one subtest demling with
math computmtion wasx used four ansly=isx as this vas
the subtest whose instructional cbhlecilives matched
those of the software programe and the regular
math i1nstruction. This wam the MXath Cowmputaticn
and Application subtest on Primary Lasvel 1, and
the Math Computation subtest on Primary Levels 2
snd 3. Students complested the sppropriate test
lavel for thelr assigned grads. Form E of the
test on mll levels vas given as both the pretest

and posttest,

The snslysis of covarisnce 1n the Statistical
Fackmge for the Sociml Sciences was umed to test
the overall significance of the treatments used 1n
determining 1f thoee students vho used softvarse

program@ in meth instructiion with sxogencus and
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sndogenoud Qraphice did significently better in
math achievement thsn those who did not, or than
thomse who hed no CAI at all. The pretest scorss
wore uUuRed a8 & mMetric coveRriatie to remove
sxXxtranwous variation from the dependent varisbcle
of the posttest 1n order to Lncreass meaaurement
precimion. The covariate on the pretest measure
was found to have an F value of 78,038 with . 0001
significance indicesting that individusls® scores
on the pretest were highly releatsd to thelr
posttest scores regardiems of their trwstment
{Table 4, 2).

In the analyeim of covariance it was found that
the main #ffects of the trestmeants, {(Table 4.2,
ned an F value of 2.7537 with a mignificence level
of .072. Therefors the null hypothesis for the

tremtment sffects cannot be rejected.
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Teble 4.2
HYPOTHESIS 1 ANALYSIS OF COYARIANCE ON THE
POSTTEST SCORES OF THE MATH COMPUTATION SUBTEST
OF THE SAT - COYARIATE = PRETEST SCORES
Source of Sum of Awan Sign.
YVaristion Sgueares DF Sguare F of F
Cavariate

Pretest 122, 247 1 122, 247 Ta., 038 L00gl
Main
Effscts
Treatmant a. &40 z2 4. 320 2.737 .07 2
Eplained 130. 386 3 43. 629 Z7.830 . 0o

Residusl 90, 861 38 1.567
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Since the stetistice]l analysis does not
provide any specific informstion about the pattern
cf effectE, the Multiple Clasmification Table was
used to cCowmpars the pattern of the trestments’
relmtionehip to the criterion variable (Table
4. 3., In the case of the posttest scorems of the
Stanford Achievement Meth Computstion subtest when
adjusted for independents and covariates, 1t was
found thmt the control group, Treatment 1, wem the
leamt effwctive; the miternate treatment group,
Treatment 2, the next momt wffective; and, the
experimental group, Treatwent 3. had the strongemst
afffect mlthough theae effecis wers not

statistically significantly diffierent.
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Table 4.3
MULTIPLE CLASSIFICATION ANALYSIS DOF ACHIEVEMENT
DATA - PDSTTEST BY TREATHENT WITH PRETEST

a Unadjusted
Yarimble n Dev'n Ets
Control 33 .02
Non-Graphice i6 -. 73
Graphicws 13 .85

-
Numbers indicate students who completed both
pretiest and posSttest messures.
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Hypothesise HoZ

This hypeothesis states thut alternstive
educetlion students using & microcomputer
individually or in groups of no more thean two, at
leamt twenty minutes. three times per week Ior
supplemental CAI with software contmining
sendogenoua and Jar sxogencul graphice vould not
improve school attitudes significantly more than
like students usming supplementel CAI without
graphiice as meswured by the Motivetion for

Schooling subtest of the Schocl Attitude Meamsure.

Students 1n the wtudy completed mll five
subtests of the 5chool Attitude Measurwe,
Motivation for Schooling, Acsdemic
Self-Concept-~-Ferformance Baesed, Academic
Self-Concept-~-Referenced Bamed, Student’'s Senees of
Controcl over Ferformance, and Student's
Instructiconal Hastsry. However, Dechause there was
no overall toteal score used in the wtandemrdization
of thie test, and esch subiest is coneidered to
stand wlone, though 1t is scknovledged that mcCores
scroas subtests for an individual wre generslly
gimiliar, the weighted raw mcaore for the subtest

Motivation for Scheooling was umed in the
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srtatimiical analyeis. Thims wubtest wvasr fwlt to
woat nesrly spproximate the weassure of sttitude
with the strongest likelihood of being afifected in
the sxperimental desmign. The same form of the
text var given to mall levels am bhoth the pretest

and posttest.

The mume thres groups were tested 1n thias
sxperimental design: the control group., Trestment
1, in which there wam no CAI; the alternmte
tremtment group, Treatment 2, in which students
were exposed to CAIl without the use of grephics as
a part of the instructicn; and, the sxperimental
group, Trestment 3, 1n vhich students vere sixposed
to CAI] with sndogenscus and sxogencus grmphice for
at leasmt Z0 minutes three timew per week oOver a
period of s semeaster, The nuwber of studentd used
in thiw experiment wasm 65 (Table 4. 4. The total
population mean (n=65) of the Scheool Attitude
Messurs. Hotivation for Scheoling weighted raw
scores waf® 43. 18 out of a totel pomeibie weighted
ray mcore of &60. The contirol group in=33) had a
weighted rav mean scores of 43, 82, The alternats
treatment group using non-graphics CAI (n=l&: had
a welghted rav mean score of 41.63. The
experimental group uming graphics CAI (n=1&) had a
wvelghted rav mean score cf 43. 44, Ho cases were

removed from the analysls.
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Table 4.4

HYPOTHESIS 2 DESCRIPTIVE DATA QF THE STUDENT
SCORES QN THE SCHOCL ATTITUDE MEASURE, MOTIYATION
FOR SCHOOQLING SUBTEST

FRETEST POSTTEST
Trestmant n.I Mean g::?ﬁ:ign Meun Ei::ggggn
Dvermll 63 41.68 8. 03 47. 18 7.71
Contral 33 42.73 E£.18 43,82 6. 29
Non-Graphice 16 44,08 5. 47 41. &2 12. 14
Graphics i 37.13 11.53 43, 44 4. 30

Note. Mean=weighted Rav Scores.
a

Humbers indicste wtudente who completed both
pretest and poBtieEt MEANUT ®S.
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The analyeis of covarience in the Statistical
Fackesge for the Spocial Sciwnces was umsed to test
the oversll significance of the trestments used in
determining 1f thoee wtudentes who used softvare
progrema in math instruction with sexocgenoum snd
sndogenous graphice improved spignificantly more in
achool attritudes than those who did not, or than
thome vho had no CAI at all. The pretest scores
vore uped awr & metric covariate to remove
extraneous varistion from the dependent varishbhle
of the posttest 1n order t0 increass messurenent
precimeion. The covarimte on the pretest messure,
Table 4. %, wvam found to have en F value of 9.115
with .004 mignificance indiceting that
individusls' =mcores on the pretemt were highly
related to thelr posttest scores regQardless of

their trestment (Table 4.5:.

In the analymis of covariance it was Yound
that the main effecta of the trestmenta, (Table
4.%], head an F velue of 1.500 with a mignificence
Level of . 231. Therefcre the null hypothesis for

the trestment effectis cannot be rejected,.
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Table 4.5
HYFOTHESIS Z AKALYSIS OF COVYARIANCE OK THE
POSTTEST SCORES OF THE MOTIYATION FOR SCHOOLING
SUBTEST OF THE SAM - COYARIATE = PRETEST SCORES
Source of Suw of Mean sign.
Yaristion Sguares DF  Sguere F cf F
Cavarieste

Pretesmt 474.710 1 474 . 710 9,115 D04
Hmin
Effmcts
Treatment 15%6. 281 Z 78.141 1. 500 » 231
Explained &30.99] 3 210. 330 4.039 L0111

Remidual 3I179,793 61 52. 079
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Since the statistical snalyesis doss not
provide any specific informeation abkout the pattern
of effecte the Multiple Clessification Table wam
used to compare the pattern of the trestments’
relmticonenip to the criterion variable ({Tmble
4.5). In the came cof the posttest scorem of the
School Attitude Messure, Motivation for Schooiling
subtest when adjusted for independenis and
covariates 1t wam found that the alternate
treatment group, Treatment 2, wam the least
effective; the control group, Treastment }, the
next moet effective; mnd, the sxperimental group,
Treatment 3, had the strongest effesct although
theae sffectes were not stetisticelly significantly
different.
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Table 4.6
MULTIPLE CLASSIFICATION ANALYSIS OF ACHIEVEMENT
DATA - POSTTEST BY TREATMENT WITH PRETEST

a Unadjusted
Varisble n Dev'n Eta
Control a3 .63
Non-Grephica 16 -1. 856
Graphice l6 . 23

Humbers indicete students who completsd both
pretest and posttest meLsures.
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Hypothemls Ho3

This h¥pothesis statesm that alternative
sducation studsents using a wicrogompuier
individuelly or in groupse of no more than two, at
leamt twenty minutes, three Ltimes per vwesk for
supplemental CA]l with software containing
endogenous and Jor sxogenoum graphlica would not
increanss Echool mttendance significantly more than
like studentes uming supplemsntal CAI without
graphice a8 indiceated by school sttspdance

records.

The same three groups vere tested in thia
experimental deEign; the contrcl group, Trestment
1, in which there was no CAI; the alternmte
trestment group, Trestment 2, in which studenta
wvere expomsed to CAI without the use of graphica am
s part of the instruction; wund, the sxXpesrimenial
group, Trestment 3, 1n vhich studenis vere expased
to CALl with wndogencum and exogenouas graphice for
at lesst 20 minutes three times per veslt over =
perliod af a semesTer. The total populaticn mean
in=63) of attendance wam 78 cut of a total
posslble of 87 daye {(Table 4. 7). The control
group (n=e33' had a mean of 78,67 daye present.

The alternate trestment group (n=l6) hed a mean of
Bl.19 days present. The experimentml group in=l&)
had a mewn of 73. 44 dsys present. Ko cCases were

removed from the analysis.
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Table 4.7
HYPOTHESIS 3 DESCRIPTIVE DATA OF
ATTENDANCE - DAYS PRESENT

a Standard
Treatment n Mean Deviation
Overall 83 78,00 9. 59
Control 33 78,67 9.66
Hon-Graphice L& a81.19 &.17
Graphice 15 73, 44 11. 44

Note. Measn=Days pressnt

E

Numbers indicmte students who
completed both pretest and post-test
meaEUT TS .
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A oneway snalyeie of veriance 1n the Statistical
Fackage for the Scciel Sciences waw uasd 1O test the
overwil significance of the trestments used in
determining 1f those students wvho used scftwvare
programs i1n math inetruction with exogencus and
endogenous graphice improved significantly more in
g#chool sttendance than thowe who did not. or than those
who hed no CAIl at all. Since there wal N pretest
meagure for this dependent criterion and anly one
incepwndent variable measure, there wam no covariate ar

interacticn «ffect to take 1ntoc mccount.

In the anslysim of ?lrllnci.it wvam found that the
main effects of the trentments {Table 4.8 hed an F
value of 2.94% with a significance level of . 06G.
Therefore the null hypothesis fOor the trewtiment sffecte

cannot be re)ected.
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Table 4.8

HYPOTHESIS 3 AHALYSIS OF VYARIAHNCE OH THE DAYS
PRESENT OF ATTEMDAMCE

Source of Sum of Mean Sign.
Yariation Sgueares OF Sqguare F af F
Main

Effectm

Trestmant 510, 292 2 285, 146 2-945 . OBO
Explained 310.292 2 233, 146 Z2.94% . 060
REesicdual 2371. 708 52 a5, &40
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Since the statimstical analywim does not provide
any wpeclific information about the pattern of effectn,
the Hultiple Classification Table wam used Lo comparwe
the pattern cf the trestments’ telationship Lo the
criterion variabie (Table 4.9, In the came of the
attendance data of students it wmse found that the
experimental group, Treatment 3, vam leawt effsctive;
the control group, Trestment 1, the next most
wffective; and, the alternate tremitment group,
Treatment 2, had the strongest sffect although thess

wifwcte weres not stataistically mignificently different.
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Teble 4.9

HULTIPLE CLASSIFICATION AMALYSIS OF ATTENDANCE DATA -
DAYS FRESENT BY TREATMERT

a Unacdjusted
Yariasble n Dev'n Eta
Control a3 . B7
Kon-graphica 15 4.19
Greaphice 16 -4. 56

A
Humbers indicate studente who completed both pretest

and postiest MEasures.
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Hypothesism Hod

Thim hypothesis stutes that mlternative sducetion
mtudents uming & microcomputer individually or in
groupe of no motre than tvo, at lesast tventy minutes,
three times per week for aupplemsntel CAI with softvare
conteining sndogensous and /or exogenous graphicm would
not increase depth-of-lnvolvement mignificangly more
than like studtents using supplewmental CAI without
graphice as mesasured on vated cbeervations snd ex1t

intervieva.

The same thres groupw vers tested in this
Fxperimental design: the control group, Treatment 1,
in which there vas no CAI; the slternate treatment
group, Treatment 2, in which students were sxpompwd to
CAl without the use of grephica ses a part of the
inetructicon; and, the sxperimental group, Trestaent 3,
in which siudents vere exposed to CAI with endogencus
and expgencoums graphice for at least 20 minutes three
times per wewk cover a pericd of s semester. The number
af students used 1n this experiment was &3 (Table
4.107, The total populsticn memn (n=63! was 13,94
minutes on task cut of a pomsible Z0 minute chmervation
period. The control group in=337 had a mean of 13,45

minutes on tamk. The alternste treatment group (n=lg}
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Table 4.10

HYPOTHESIS 4 DESCRIFTIVYE DATA OF
DEPTH-OF-INYOLYEMENT - TIME-ON-TASK

a Standard
Trestment n Mean Deviaticon
Overall EX 15, 94 5. 33
Control a3 13.45% F. 01
Hon-Graphice 16 17. 21 6. 78
Graphics 16 19.69 .79
Hoie. Mean=Hinutes on Trak

A

Humbers i1ndicate students who
completed both pretest and post- test
mEASUr ¢s.
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using non-grapnice CAI had = mean of 17,31 minutes on
tamk. The #Xperimental group uming grephice CAJI (n=lhk)
hed & mean of 19.5% minutes on tamk. Ho Chwem wvers

removed from the anslysis.

Students®s 1n the pgtudy wvere cheaerved over = 20
minute time period angd rated sach minute to determine
1f they were on task or off task. Raw scorews 1ndicated
the number of minutes cut of 20 that the student wams
found ta be on tesk. Exit intervisve vere almc held
wvith #ach student who participated in either type of
Cal. It vas found that this information could not be
quantified for the type of studentis participmting in
thim wtudy but 11 did help provide gualitative

information (Appendix B1J.

A onewvay mnalysis of varisnce 1n the Statistical
Fackage for the Sccilal Scisnces vam used Lo test the
overanll aignificance of the trestmentes used in
determining if those students vho uawed moltware
program# in math inetruction »ith excogenous and
endogencus graphics increased depth-of-involvement ae
demonetrated by increamed time on task significantly
more than those wvho did not, or than those vho had no
CAT at all. Since there wvasg no pretest mensure for
this hypothems)s, thers was no coverlate orf Lnteraction

wffect to take 1nto account.
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In the analysiw of variance 1t wam found that the
main effects of the treatwents, (Table, 4.11), hed an F
value of 6,261 wvith & mignificeance level of .003.
Therefcore the null hypothesis for the treatment effects

im re)ected.

Since the statieticel analysis dows not provade
any mpecifiic information about the pattern ol ewffects.
the Multiple Cleassificetion Table wam used to Ccompare
the pattern of the trestments’ reistionship to the
criterion varimble (Table 4.12). In the case of the
number of minutes the students wvere on tamk it vas
found theat the control group, Treatment, 1 was the
leamt effective; the ulternate trestment group uming
non-graphic CAI, Treatment 2, wak the next most
effoctive; and, the sxperimental group using praphics
Cal, Treatment 3, had the stropgest esiffect although
thewe effwcte were not statistically mignificantly

different.
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Table 4.11

HYPOTHESIS 4 AMALYSIS OF VARITIAKCE ON THE MINUTES
OM TASK OF DEPTH-OF-INYOLYEMENT

Source gof Sum of Hean Sign.
Yariation Sqguares DF Sgquare F af F
Hain

Effectms

Treatment 458. 697 Py 229.349 &.261 .003
Explained 438_ 697 P 229,349 6.261 003

Rewidusal 2271.037 &2 36. 630
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Table 4. 12

MULTIPLE CLASSIFICATION ANALYSIS OF DEPTH-0F-
INYOLYEMERT DATA - MIHUTES ON TASK BY TREATHENT

. Unedjusted
Yarimble n Dev'n Eta
Control a3 -Z. 48
Hon-Grephice 16 1.37
Graphics 16 3.75

Numberas indicate wtudents who completed both

pretest and postisst meaSUures.
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Summary

A msummary snd comparimson of the resultas of
sach of the hypotheses temted 1= provided in Table
4.13.
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CHAFTER ¥

It wa@ the purpome of thim study to
determine vhat effect jintrinelic motivetion in
aofiware prograwme using graphice and
non-graphice has on the schievement,
sattitudes, sttendance and depth-of-
involvment of underachieving ptudents. To do
this four hypothesses were cdeveloped asa
follows:

Alternative sduceticn mtudents using =
microcomputer individually or in groups of no
more then two, at lemmt tventy minutes, three
timer per wewk for supplemental CAI with
scftvare containing wndogencus and /or

excgenous graphlica:

1. Would i1ncreasse mathematics achievement
significantly more than students uaming
suppliemental CAI without graphics as messured
on the Math Computation subtest of the

Stanford Achievement Test.

2, Would 1mprove school attituces

mignificently more than students uaing

supplemental CAI without graphice as measured
las
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by the HAotivation feor Schooling subtest of

the School Attitude Measure,

3. Would increasme school attendance
mignificantly more than students using
supplemental CAJ] without grephlice as

indiceted by school attendance recoros.

4. Would increasse depth-af-involvemsnt
mignificantly more than students uming
auppliemental CAl without graphics as measursd

on rated obeservations and exXit 1nterviews.

Three groups were tested in this
experimental demign: the contrel group.
Treatment 1, in which there waw no CAl; the
alternate tremtment group, Treatment 2, in
which studentw were expoasd to CAL without
the use cof graphice as = part of ths
instruction; and the sxperimental group,
Treatment 3, in which students were sxpossd
to CAl with endogenous and exogenous graphics
for at least 20 minutes three times per wvesk

cver & pericd of a semesxter of 1|8 wesks.

It vae found through statistical
analywim of the data collected uming analymiw

of covarirance for the first two hypoitheses
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and analywis cf varience for the remalining
two, that only the last hypothewis shoved a
gsignificant differencs 1n the varisbility of
performance 1n the three Qroups meawured, In
the came of the laat hypothemis,
depth-of-involvement wae guentified sm =
measure of time-on-taek. Gualitastive deta
relating to depth-of-involvewmant from Lhe
#x1t interviews did not provide mufficient
information to categorize responses for
fuctors relmting to depth-of-involvement.
The following were the categories
uneuccessfully sapplied to the student’'s
interview responses: factusl information
verses imagery and fantasized i1magery;
content relsted verses personalirzed point of
reference; and minimal, average aor strong
involvewmsnt in the activity presented on the
computer. Responses that vere recewived vere

tabulested and reported in Appendix B.
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Conclugion

It im concluded from the results of thim
atudy that the use of Computer ARsisted
Instruction si1ther with or without graphics
doss neot substantially improve the
achievemsent, uttitudes or attendeance of
upderschieving students, Although there was
s mignificant increase aon time-on-task, this
did not tranmlate during the one schaol
sengwter of the study to improvement in any
of the cther areas. Hovever, in two of the
hypotheass, Hypothesis 1, schisvement
{mignificence of F = ,072), mnd Hypothesias 3,
attendance ismignificeance of F = 060}, the
significance levelm approached statistical

significance.

DiscugElon

The results of thim study appesr to be
in contrediction to much of what hews been
published concerning the value of computer
agwisted i1nstruction i1n the achievemeni ol

students. Roblyer (158%) states, "Yhenever
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computer-based instruction ie compared wlth
traditional clasasroom i1netruction, computsr
methodse usually result in grester effescte”

tp. Z4). However, many of these studies vhen
analyzed through meta-analysls are shown to
huve trivial to small effect sizes 'Roblyer,
198%,, When the medium to large sffect
studies mre anslvzed, Kulik, Kulik, =snd Cohen
(1980, found thet the only characterietic
that correlated to outcomes significantly wam
control for instructor effect. Studies with
a different teachsr for the trestment group
and the contrcl group tended to yiwld higher
efiscte (Roblyer, 19835, In this study the
rame teucher wvas used in both the alternate
trestwment group and the experimental group
which may be one factor accounting for the
limited mtatimtical difierences. Although
different temchers verws used Ior the control
group mince this was spresd over thres
different individusls, the strengths or
wenknesses of ane i1hdividual’'s instructicn
were largely elimineted. Df all of Kulik's
studies the mast poNFitive resultis wers at the
wlementary level (Hoblyer, 198%:. The

direction of the significence of the first
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hypothesim in thaiws study would support this
since 1t had a mignificance level of 072,

It 1m mlwgo true thet (f there had bwen more
mtucdents in the trestment groups, then the F
value a@ determined by the Degress 0f Freedow
would have fullen within the .05 level of

mignificance for Hypothemis 1.

Kulijpk, Bangert, and wWilliame (1983 aleo
found very swall wffects for changes in
attitude except in attitudes towerds the
computer. In this study, wtatistically
mignificant effecte were not found for
changes in attitucdes tovardse school.
Attitudes towkrd the coOmpuier were not

measured,

Cne pomsible explanationme for the lack
o2f schievement gains could be the relstive
short duration of the wstudy in which to
Rfiect a change. Studenta uming graphica 1n
their programs averaged l8. 29 houra of
ine@truction cover the 18 vesekm of the
ENMeETEr. Studenta uming no graphice as part
of the instructionml lesscn averaged 135,74
hours of instructicon. Although the

sgrandardized measure uned Lo aseenm
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achisvemsnt is highly reliable, 1t im mlen
true thet twet relishjility makes 1t very
difficult to sccurately mesamure swmnll
increwmente of growth. The minimum pericd
used 18 generslly one sewestsr which 1= the
squaivelent of 5 monthe growth in achievement,
but thims presumes one month growth for one
month duration. While this 1m generally truwe
for the aversge student, the students 1n this
mtudy by definition and ability are achieving
at about three /fourths the average rate.
Thie vould wmgquste with =& maximum potential
grovwth of three to four monthe vhich would be
difficult to accurstely messure given the

standard error of the test inetrument.

Angther fsctor that could have
influenced temt results is a demonetrated
poor attitude towardm test taking by
underachieving students (Bottom, 139370, Thim
1@ coneimetent with the four teachers’
comments 10 this study. They complained about
the poor tewt-teking ability of the=e
atudents. They cited thelr students’
inability to work in large groups and their

mtudents’ poor direction following sakille am
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indicated by their ability to perform
adequately in clase but not on paper-pencil

mMEBRSFUTITN.

In The Education of Disadvantaged

Children, Bottom (1970 states, "Sone
children simply can’'t woark in lesrge groups.
For thew individusal testing will be
necessuary®™ 1p. 931, He alec states, "“The
zhild of the ptrests 18 far less likely to
come to school with a pomitive sslf-image.
Their lack of confidence and unworthinsss
often causwes them toc think that scheool i1m tog
hard and the tescher unfeir 1n asking them to
do more than they Can. Such an attitude can
play havoc with standerdized teste. Looking
8t a test uming words unfamiliar toc thewm, on
s plane sbove their reading level, and ssking
them to black cut dote on sn answer shest are
more than many students are willaing to
tackle. "Then, ' according €0 a vetsran
teacher, ‘they begin the “guessing gamns., " the
"let'm aee who can finish quickest game. ' or
‘to heck with thie stuff, ] quit’ mttitude’”
tp. 933,
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Overtesmting mey hsve Deen = problsem an
thie Alternmutive Educetion FProgram, Studente
ware constantly being samseased by
standerdized wmeasures to wmest B multitude of
regqulrements. Again, teachers 1n this study
complained mbout studentes’ lack of
EfTiIouUShess 1n tsking the tesats Decsuse there
wers 80 many to take as dewonstrated by the
number cf incomplete tests and blank psges

found in their tsst booklets,

Another factor which may have influenced
the results 18 the type cf i1nstruction
provided far the studente who participated as
purt of the control group. Because thwe
Alternative Education Program is an 1notenmive
remedial program, mtudents wvho were not
participating in the cowmputer amsisted
indtruction continued to recelve math
inetruction in very smmll groups. Groupms
were generally in the rsnge of four to five
students with a maxaimum of eight students at
any ®ingle taime. Inetruction wvas dirsct,
responeive, often 1ndividumlized mand on the
instructicnal level of the student as

indicated 1n repeated obDeservatlion. Thie may
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have closely spproximated the type ol
individualizstion that studente working on
the cuwputer aleo received, thum reducing the
varience that would occur. Thim mupports
findinge in the ressarch thst indicste that
the caomputmer hams not been found to be m
better inetructor:; onily that 1t can often
accomplismh whast the regulsr teschar rerely
ham time for, true individualization, and can
provide the same amount of inetruction in m
shorter smount of time. In the cawe of the
Alternative Educstion Progrem, some of thesws
advantages have already been bullt into the
inetructional program administratively. All
that can be determined is that thers vas not
s wignificant snough variance toc find one
method unequivically supericr to snother.
This does not take into account, hovever, the
immue of cowt versus benefit when weighing
the value of the use of computer assimted

inmtruction.

Glams (1982) concluded from comparing
the ETS study with meta-snalyses of other
non-computer methods of inetruction thest

reducing class a1ze from 2% to 10 meemed o
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produce the seme rffect sire as supplemental
CAT. Special teacher tresining toc handlse
lmarge clasees also produced grester sffect
mires. Bloom (i984) concluded sven better
results from meta-mnalysis on cther
strutegiens far 1mproving achievement
including: tutorial inetruction, corrective
fesdback process, student Ltime-on-teamsk,
graded homework, classroom morsls, peser anc
crosse-age remedial tutoring, higher-order
questiloning snd tencher sxpectancy. Although
mgny cf these are characteristics sxhibited
in CAI, they were saleo generally
charscteristic of the cheerved instruction
taking place in the regulesr wath classroom of

the Alternative Education Frograsm.

It iw interssting tc note that on the
multiple classification snelysie of ths
trestmentm, the twvo rankings of the sffecta
af treatments vhich match are thome of
achisevement and depth-of-involvement. Theres
does appear to be s relsticonship between
depth-cof-involvement ss meawured by
time-on-tamk and subsequent achievement as

influwnced by the three tremtments,
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Depth-of-Invalvewment wvas the conly hypothesiw
whome F velue was smignificant encugh to
warrant rejecting the null hypothesis.
Hovever, schievement began to approach an F
value that may have been significeant 1f =a
higher mignificance )lwvel hed been selected
or Af there hed been larger numbers of
students in each tresatment. Thiw would
mupport the interpretetion thst achievemsent
wan affected by Lthe sxperimsntal trestment in

the predicted directicon.

The ability to change sttitudes towarde
mchoc] seems to be the wost difficult to
affect. This would sppesar toc be 1n line with
what 18 generally accepted, (Bottom, 19707,
although attitudes towvarde the computlser as
reflected in responses to exlt ioterview

questions vere poditive, (Appendlx B!

The limited abstrect ability wekille of
thie type of underachieving student vams
demonatireated on the responEes Lo the sxit
interview guesticona making 1t impowsible to
make any further conclusionm sbaout
depth-~of-involvement factcorm. Reswarch has

mhown (Clark, 1983 thet opften students
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prefer the mode of instructicon that 18 1n
cppomition to their momt sfficient means of
learning. Low mbility students were shown to
profit most from structured lesrning such =
drill and practice slthough they preferred
discovery learning. It may be thmat the
inatructional desaign of the commerciasl
softvare, regardless of i1ta ume of grephicwe,
wam not well muited to the specific
characteristicse of this population. Students
may huve preferred the game formets and
graphice, finding them fun and enterimining
but 1neufficiently designed to overcome such
wducational proclems ss lsck of goal
congrusence {Lepper and Mmiconw, 1984.) or too
dimtrecting in fantasy content to produce
mignificant retention mbove that eXperienced
by students in regular instruction using
drill mnd practice technigues. However., all
students leurned regardlsas of how the

content was delivered.

It may be presumed that slthough the
grapghice and fantasy masterial do mappesr to
make the drill more entertaining, it does not

indicate that i1ncreased intrinmic motivetion
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through Attentional Effects and
Depth-of-Involvement Effecte 1n the form of
graphic material im necessary for learning to
take place. Dther sffwcte wuch we Feedback
Effectms, Control Effects, Affective Effects
and Hultiple Channe]l Effscte and cother
principles of bwhavior mogdification including
Appropriete 1Netructionai level mand samall
increasntal steps mey be more crucial for
learning to tmke place. Thewe and other
variables such as instructicnal time nesded
toc execute the program would have to be
condidered to deterwmine the preferred program
to accomplish the instructicnal goal.

Further investigetion would be nesded in

these arvas.

It mleg im true that students did not
msuffer by having wupplemental CAI for a part
of their math instruction. Students did
squally well when they sapent half af thelr
inetructiconal time lesrning through CAI am
they did whewn in direct 1nstruction 1n an
individuwliized 1rnteneive remsdiel program.
Therefore, decisions sbout the ume of CAI in

wchocole may well have to be bamed on other
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adminlistrative snd political veriables
(Clmrk, 1983), These varimbles may include
the cost of providing instruction through
Cal. 1t 1e apparent thet since CA] im
primarily sffective am supplemental
ingtruction, 1t does not replace the cost of
the teacher, In thie study 1t was compared
Lo very small instructional groupse of
underachlieving students which iw sl=o very
expenealive. ¥ith other levels cof students or
typew of inetructionml wskillas, the
cost-benefit may improve. In sddition, =+en
1f CA]l cannot be shavn to be comt-effective,
FOC1RtY may mtill ineist students be
acquminted with this media. Clark (19831
mtatew that the public may ilnaist on CAI
becaume of, "The high expectation ws have for
technology of all kindw, " and the “"reserve
about the effectivensss cf ocur system of
formal educstion™ (p. 435). He indicated
that the public tenda to relete 1p terme of
the benefit of computers to industry
therefore demanding that schools become
involved i1n technology. Benderson (1983}
states, "There are those who varn. .. that the

very etructure of American sducation will
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soon become ocoutmoded 1f public schoole and
colleges Cannot move swiftly snough to train

pecple for the cowmputsr sge”™ (p. 291,

im catlon

Roblyver {1983; stated., *the wmost common
finding in ressurch studiss 18 that more
research is necesesry. This i certminiy the
came with instructional computing. But 1t !m
critically i1mportant thst we begin more
in-depth, focumsed studies 1n a number of
areas vhere data are lecking® tp. 271, Horm
studies are nesded to study systematicmlly
specliic characteristice in the design and
use of computer materisim. Studies whould
alwo be done of the matesrisls used in other
studies that were shown elffective to
determine which aspects made them sifective.
0Of factorm lieted by Roblyer (1983 and
Lepper and Maione {(1983), much as the forwm of
fesdpback; the degree of learner control; the
role of motivation and the form it toak;
other effects ol mcreen design and grasphilicm;

the ume of content areams and the skillae i1n
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thoss arsaw; the impact of the instructional
mpproach; the transfer of information to

other mkille: which are the msost critical?

It im wl#0 critical to continue in the
aearch for the determination of necessary
conditione to facilitate the learning of
students not just sufficient conditions
iClark, 1l983). The pressnt study dealt with
s wet of particuler variables thought to
influence learner cutcomes, speciiicelly the
impect of intrinmic motivation in the use of
graphic and non-graphic meath sofitware
programm. Other studies are nesded toc
further investigste 1nstructional methode and
cther varimbles such as the specillc tamk
involved, the lwarner’'s aptitude, various
inmtructional desdign approaches 1n scftwars,
the use of entertainment and personalization
1n programming. There must also be much more
field temting cf mpecific caomputer Courseware
by companies prior to the courssvars® belng
published to validste the sifectiveneas of
the demigrn fwsturss they 1ncorporate in thelr

saftware,
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The study of CAIl 1s mctuslly the mtudy
of teaching and lewrning and any addition to
Knovledge of the field benefits the sducation

community am & whole,

In gensersal the results of this study
sugpest the general lack of scphisticeation in
educetionel software today. Availablwe
aofivare, even when 1ts producers claim to
make ume of motivational technigues snd
superior graphics, does not demonstrably
anhance the academic achlevemsnt of students
above other proven instructional
methodologlies. Although computer graphice do
appear to get the attentipn of the students,
this study's results cannot jJuatify =
gancurrent increuws 1n students’ mathematical

computationel abilities,
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Softwarw Programs
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SOFTWARE FROGRAN PUBLISHER

Hen-Graphilice

The Arithmetic Classroom Sterling Swift
(9 dimke) Publishing Co.
The Milliken Math Series Milliken
(12 dimks)
Hartley Preecriptive Hartlsy Coursevare., Inc.

Math Drill

Graphice
DLM-Dragon Mix Developmental
Alligmtor Mix Learning
Demolition Division Materials

Minuw Missicon
Alien Additian
Meteor Multiplicatiaon

Math Blaster Davideon & Asmcclatea
Fighing faor Anaverms NTS Software Inc.
Aliencounter/ Milliken

Face Flaseh

Platog-Whole Humboers Cantrol [Dmte Publishing

Samic Humber FaActs
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Exit InterviewRating Scale

Depth-of-Involvemnent Effects
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EXIT INTERVYIEW RATING SCALE
DEPTH-OF - IRVYOLVEMENT EFFECTS

Quemtione - Responases of 32 Studentms

What did you just da? 8 - "times tablew”™;
5 -*"multiplication”; 3 - "playing" wome
added ths word"games™ or the word
*mdding®; 2 - "computer®; 3 -"racing
cars®; 1 "basketball®; 1 - "typing*; 2 -
doing problems®; 1 - "1 wams playing race
carse”; 1 - "I try to get correct™; 1 -~
"got my problem right”; 1 - "1 went

and esmashed the space bar and shot and
put anever and shot it, got it right and
got a score”; 1 - *What score? I tried to
de some of the hard problems. Got 2

or 3 right. Got tae work on my 9's. "

What did you think of? L - *2t's fun"; 3
- *don't know or mhrug:; 2 - "it's all
right"; Sampling »f others: "numberm"; "I
were aon the machine"; “"What’'a the
anawer®; "good®; "think of going home*;
"if you don’t know haw to do 1t helps
yau’; "trying to get all them right”™:
*"learning how to do them”; “kinda

endy";"math"; *heing in & resl game".
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Did any plctures come to your mind? 19 -
"no" or & shrug; 2 - "basketbmll"; 2 -
"ve®® or "uh huh"; Otherms: *a girl~; I'm
the race car driver”; "yes multiplicaticn
problem anevera"; “three heada®; "“yes
like it waw & video game"; *oh yeh, I
think I'm racing®; "Yew, flowvers

and thinge~; *"thinking of fish".

Wer® you involved in your thoughts or
pictures? 13 -"yes"; 11 - "no"; Others:
"get involved, the game muke me
involved®; "yes, I take it real mserious";
"vyem, like = person working®"; "the rabbit
coming out of the het"; Yos, I gwt
involved by plavying good”; Sometimes me
being up ther# anpd w~ish the computer
could talk and tell it i= right instead
of mhowing me®; *add"; "thinking it 1=

good, help ma”.

0id you enjgy what you were doing? 32
"fem*" with only 4 commenta: 2 -~ "It’'a
fun*: 1 - "it make mmth fun+*; 1 -

"helped me out*.

What did you lemrn? 23 - "time tabisa”
ar "multiplicatitan*; 3 - "adding and
gubtracting®;: Other: "learn how to do

problema quickly”; Tesm, hoav t0 use the
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kReym, keyboard, disk drive, hold disk. ";
*I learned my digitw like my times
tables, it'm fun®; "how to do computer

whole bunch~: "math"; time tables fast~.

All responses were recorded verbatim. 1f a
gtudent did not respond st first to the
guestion additional prompte were given Lo
#licit s response. An attempt wam made to
categQorize responmes to these guestions to

determine 1f the content wam:
Factual
Imngery
Fantamized Imagery

Hesponass then wvers revisved agasin to

determine 1f they were:
Content Related
Had & Persaonmlized Folint of Reference

Finmlly reEponsss were® revigwved tao determinsd

1f the student sxpresasd:
Minimal Involvemeant
Average Involvemsent

Strong Involvement

128



However, awm indicated by ths responessa shaown,
responses vere rarely detailed encugh to

categorize content.
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Abmtract

RATIVE ANALYSIS OF THE VALUE OF
IC MOTIYATION IN COMPUTER SOFTWARE OX
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Chairman: George M. Bass

It wvaw the purpome of thim atudy to
determine what wffect intrineic motivation in
woftwvare programs using graphics and
nun-grlphic- ham on the schisvement,
attitudews, attendance and depth-of-
invalvement of 63 underachieving students.
The study waa conducted in the natural school
--tting over the period of a semester. Duta
wasm collected on three groupm, the control

roup (n=33}), the alternate Lrestmant group
n which students were expcasd to CAl without
the uae cf graphice am 3 part of ths
inwtruction, and the edipe: inantal group 1n
which students wers wxpowsd to CAI wit
graphics for at lesst 20 minutes three tLimes
per weawek. An AHNCOVA wena done on the pre _and
posttiest Math Computation scores of the SaAT
and the pre and posttest velighted rav sScores
of the Motivation for Schooling subtest of
the SAM. An ANOVA was done on attendeance data
and a memsure® of depth-ocf-involvment defined
am time-on-task.

Repults indicated that there vas no
statistically significant difference in the
acacemic achievement, attitudes o attendancse
amaong the three groupm. Howvever, gains 1n
academic achievemsnt did approsch atatistical
significance. Remults for the measure of
time-an-tLask did achiweve statistical
llgﬁiflEIHCI indicating grester involvement
Awith graphic programming.

It was concluded that the use of CAL
vith or without graphics doee not
gubetantially improve the achlevement,
attitudes or attisndance of underachieving
studentes aignificantly more than ather
intenmive remedial inestructional technigues.
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