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PREFACE

For the ninth year, the Research and Theory Division of the Association
far E:b;n:atfn-na‘! Communications and Technology (AECT) is publishing these
Proceedings. FPapers published in this volume were presented at the natfomnal
AECT Convention in Atlanta, GA. A limited quantity of this volume were
printed and sold. It is also available on microfiche through the Educational

Resources Information Clearinghouse (ERIC) system.

REFEREEING PROCESS: A11 Research and Theory Division research papers selected
for presentation at the AECT Convention and included in this Proceedings were
subjected to a rigorous blind reviewing process. Proposals were submitted
ko Dr. Ranmdall Koetting of Oklahoma State University, who coordinated the
review process. All references to author were removed from proposals before
they were submitted to referees for review. Approximately sixty percent of
the manuscripts submitted for consideration were selected for presentatfion at
the Convention and for publication in these Proceedings. The papers contained
in this document represent some of the most current thinking in educational
communications and technology.

This volume contains two cumulative indexes covering the most recent
three volumes, 1985-1987. The first is an author index. The second is a
descriptor index. The two indexes will be wpdated in future editions of this
Proceedings. The index for volumes 1-6 (1979-84) are included in the 1986

Proceedings .

H. R. Simanson
Editor
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. .+ .MERE YEHICLES, . ."

A Symposium on the Status of Ressarch
in Instructional Technalogy

= T

SYNPOSIUM INTRODUCTION !

Michaal B. Simonson
Profossor

College of Education
Lanomarcing Hall

lowa State Uniwversity
Ames, Towa 50011

“The best current evidence is that media are MERE
YEHICLES that deliver instruction but dAo mot
influence student achicvement any more than the
truck that delivers our groceries causes changes in
nutrition.” (Clark, 1983, p. 445)

With the publication of this sentence one of the most interesting
controversies in the history of educatiomal media research began.
Clark's article formally presented a position that for years had
been the hidden fear of many in the media research community, the
fear that media Ao nnt really contribute to learning, hut merely
allow for the storage and delivery of information that might then
produce learning. Clark szaid what others feared, and he said it
persuasively.

Basically, Clark presented the argument that media did not

influence achievement in any predictable, generalizable way, and

studies that reported that media alone, or in part, did produce

learning nains were confounded in some way. Clark went on to

support his position by carefully reexamining the considerable i
body of educational media research. His conclusions were so '
convincing that the focus of instructiomal media research shifted

almost overniqht, and many resparchers began to reexamine their

own position on the impact of media on learning and education.

A1l who read or heard about Clark's article were not pleased or
in agreement with his argueents, however. Almost immediately a
“"howl of anger" was heard from many media professionals. The most
immediate concerns were expressed by the many media i
practitioners, such as media center directors, who felt betrayed.
Hedia programs and media specialists in schools and colleges had
been experiencing a decade long period of decline and were
looking for support from others in the professfon, especially

o —— ———
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researchers, who they thought should publicize how necessary
educational media were. These practitioners certainly did not
appreciate Clark's widely publicized report that they thought
said "media don't make any difference.” Many expressed
bewilderment over how "one of our own" could advocate a position
considered to be detrimental to the "cause®. Some even felt that
Clark's article was a further demonstration of how far removed
researchers were From the real world.

Of more significant interest, however, were the counter arguments
presented by other highly regarded researchers. It became ohvious
very quickly that Clark's position was not universally held, esven
in the academic community. The first rebuttal to Clark's
arguments came from Michael Petkovich and Robert Tennyson of the
University of Minnesota. Their "critique®™ was published in 1984
in the EDUCATIOMAL COMMUMICATIONS AMD TECHHOLOGY JOURMNAL (ECTJ),
edited by William Winn. Their position was basically that ", .
.Clark's conclusions are unwarranted . . (Petkovich and
Tennyson, 1984, p. 233). They took issue with many of Clark's
arguments, and recommended that research on “media and learning
continue™ (p. 237). Interestingly, Editor Winn permitted Clark to
"reply" to Petkovich and Tennyson in the same fssue of ECTJ.
Basically, Clark reiterated his position in his "reply”.

With the publication of these new articles the pace of the
controversy quickened and interest increased in the sducational
media research community. In many respects, sides were taken and
battle Tines were drawn.

During this same time period, James Kulik and his colleagues at
the University of Michigan had been publishing the results of
meta-analysis studies that reviewed research on computer based
instruction. In general, Kulik's studies indicated that the
computer had a significant positive influence on student
learning. Clark took notice of Kulik's results and published a
series of articles that examined Kulik's work, took fssue with
Kulik's conclusions, and reiterated his own position on the
confounding of media research, including research on computer
based instruction.

Again, the battle was joined. The JOURMAL OF ENUCATIDHAL
COMPUTING RESEARCH (JECR), and ECTJ published articles and
rebuttals from Clark and from Kulik (Clark, 1995a; 1985b; Kulik,
1985). Clark's position was basically the same, lle said that “any
resulting change in student learning or performance may be
attributed to the uncontrolled effects of differant instructional
methods, content, anfor movelty™ (Clark, 1985a, p.137). Kulik, on
the other hand, continued to report the results of meta-analyses
that indicated the positive influence of computer based
instruction on learning.

Presentations at Conferences and Conventions were made by both
Kulik and by Clark, but not at the same time. The issue became so
engrossing that a review editor for ECTJ felt moved to write an




article discussing his reactions to the Clark article and why he **
recommended it for publication. This was a unique eccurrence in
the history of ECTJ [Cunmingham, 190%6).

As of the 1987 Association for Educational Communications and
Technology Conwention, the controversy continises. Meither
position is universally accepted, although the arquments of both
gides have recefved wide distribution and have attracted many
advocates.

The intent of this symposium is to bring together the researchers
who advocate the extreme positions on this matter, and to give
them the appoertunity te present their views. While resolution of
the controversy may be impossible, it is hoped that the papers
and discussions presented at this symposium will help “clear the
afr® on this issus, The symposium participants include:

Hichael R. Simonson, Profossor
Towa State University

Simonson is the organizer of the symposium and will
act as the symposium moderator. As the editor of
the ATDSFAECT Convention PROCEEDINGS, Simonson has
been a Tong time observer of all four presenters.

Richard E. Clark, Professor
University of Southern California

Without Clark there would be no symposium because
there would probably be no controversy. Although
Clark himsalf has stated that the criticism of
media research has a long history, he was the
researcher who focused interest on this issue and
who presented the “mere vehicles® argument
concisely and convincinaly.

Hilliam Hinn, Professor
University of Hashington

HWhile it might be possible to categorize Winn as
Clark's "second” in this duel, it would be a
superficial generalization. Winn, editor of ECTJ,
is 1ike Clark, one of AECT's and media's most
respected researchers. His work as editor has made
him familiar with the status or research in our
discipline, and apparently has made him an advocate
with basically the same interpretation of this
research as Clark,

Robert Tennyson, Professor
University of Minnesota

As a member of the team who First publicly disputed




Clark's position, and as a widely respected
researcher, Tennyson brings to the symposium the
unique perspective of one who has followed Clark's
work, and who has considerable experience in
educational media resaarch.

James Kulik, Professor
University of Michigan

Kulik's excellent meta-analyses of research on
computer based fnstruction have been widely
distributed and cited by advocates of the positive
impact of computers on learning. Kulik's efforts to
synthesize results into some hody of information
that has meaning to practitioners as well as other
researchers has been widely applauded by many in
the profession, including Clark.

CONCLUSION

Following are the four papers prepared by the four researchers
who participated in this symposium. These papers represent their
current positions, and will clarify for the reader the impact
media have on learning as this concept is understood by arguably
the brightest and most knowledgeable minds in our profession.
For, as 0liver Wendell Holmes said of reading the works of great
thinkers:

“Thus only can you gain the secrct isolated joy of
the thinker, who knows that, a hundred years after
he is dead and forgotten, men who never heard of
him will be moving to the measure of his thought -
the subtle rapture of a postponed power, which the
world knows not because 1t has mo external
trappings, but which to his prophetic vision is
more real than that which commands an army."
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WHICH TECHNOLOGY FOR WHAT PURPOSE? :

The State of the Argument About Research on Learning fromMedia

FRichard E. Clark
University of SoutherncCalifornia

Symposiumpaper for presentationat the annual convention of the
Association for Educational Communication and Technology, Atlanta
Georgia, Thursday, February 26, 1987. .

Arguments that media do not influence learning have a very
long but largely ignored history. Over sixty years age, Freeman
fwho is quoted inSaettler's history of educational technology)
cautioned against media comparison studies. Inthe years since, his
advice has been elaborated on by researchers such as Wilbur
Schramm, Pat Suppies, KiethMielke, Howard Levie and Gavriel
Salomon. My owncontribution to the argument has beenminor.

When one considers the weight of evidence against media
comparisons, one gquickly comes to the conclusion that the
continuing argument indicates a considerable resistance tothe
evidence. I reasoned that the problemwas not in the research
reviews but in the communicationbetween researchers and
practitioners. Mysmall contributionwas toprovide what I hoped
were meaningful and accurate analogies (e.g. the grocery truck and
nutritionanalogy plus the inert medium for drugs and body
chemistry analogy). I alsoavoided the "tentativenass" one typically
finds inthe reviews of responzsible researchers. It seemed tome
then (and now) that media enthusiasts interpreted our cautious
writing styleas the sign of a weak argument. Therefore, I used
more active prose to suggest that . . .mediadonot influence
learning under any conditions."™ (1983, p. 445).

As might be expected, there isstill considerable resistance to
this reasonable interpretationof sixty years of research. One
measure of the resistance is tobe found inmymail over the past
fiveyears. I have receivedasurprisingvolumeof letters chargi
me with providing support and comfort to the enemies of media in
educationand training. More important is the fact that some
peoplemistakenly believe that T have adisputewithJimKulik and
his colleagues at the University of Michiganabout meta-analytic
technigques. Equally important is the impression that I am somehow
"against" media. I'dlike tousethis fairly informal Proceedings
format todispel all three misconceptions.

Bas i.c:al ly I hatm made twn arqunsrnt 51 fi rst, that ne:dia cumpar isen
studies shownodifferences in learning nttrihutahle to any one
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medium over another; and second, that the so-called mediaattribute
argument is not supported by current cognitive research.

The first argument that media comparison studies arausually
confounded is rarely disputed by people who have specialized in
media research. This confounding shows up inmany ways. One of
the most dramatic can be found in the current meta-analyses of
CBT research. Theclue to the confounding in researchcanbe
found in studies where the same teacher or designer produces both
the computer and the "traditional™ treatment. Theeffectsize in
these studies isusuallysmaller. Ihaveargued that thereis
compelling evidence that thissmaller effect isdue to increased
chances that the same content and method will beused in both the
traditional and the CBT presentations --which leads tono
statistical difference in the learning between the two types
treatments. Of course this contrel is not automatic. Some of the
"same teacher"” studies have poor controls just as studies where
treatments were designed by different groups sometimaes have good
controls. Inarecent surveyof al0% sample of the college CBT
studies meta analyzedby Kulikand his colleagues, I separatedwell
controlled frompoorly controlled studies (Clark, 1985a, 1986) . The
affect size inwell-controlled studies fell to .09 standard deviations
in favor of CBT. This loweffectsize, I suggested, would be even
lower if lowability learners had received more practice using
computers before stud ies started. Mo recently, Levin (1986) has
provided asimilar meta-analysis CBET cost-effectiveness
rasearch. He finds CBTeffect sizes ranging from .12 for
mathematics to .24 for reading =-which iswithinthe range of my
analysis. LevinandIhave estimated effects considerably lower
thanthe .4 to .5effect sizes reported by Kulik and his colleagues.
Thedifference between the research Levinand I have analyzed and
the studies used by Kulik issimply adifferent set of criteria for
control. Kulik is correct inhis claimthat there is a very powerful
set of instructional methods used in the development of CBT. I
would like to have us examine those methods separately from their
confounded attachment to the mediumof Computers.

WhileKulik and I had some earlydiscussions about our
separate findings, we have since agreed -- as Kulik et al nicely put
it -=-that incomparison studies thereisa"...diffusionof the
innovative treatment to the control condition.", (1985, p. 385). In
more direct terms, we agree that there are uncontrolled content
and instructional methods inmany computer-based training and
"control” treatments which account for learninggains. These
methods can "diffuse" orbedelivered by live teachers or older,
more traditional media. I have urged researchers and practitioners
to focus onan explication of these instructional methods 1 f we
wish tounderstand wvhat causes the large affect sizesone finds in
CBT studies (Clark, 1985h)

Media Attribute Research. The argument about the media
attribute theories is not soeasy todismiss. I havedisputed the
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theory that different media contribute to learning by providing
nattributes" that cultivate cognitiveskills. For example, inone of
Gavriel Salomon's well-known studies, "zooming® into details
cultivated the skill of "cue attendance" for lowability students.
While Salomon has clearly noted that these attributes arenot
speclifictoany one medium, his theory has mistakenly been
associated with the argument about the "contribution” of media to
learning. Salomonand I reviewed the evidence in our recent

Handbook chapter (1986) and noted that thedispute ispartofa

much wider argument between two factions incognitive paychology.

I have noted that no one has ever established that any attribute

which isspecific toonemediumor class of media is "necessary" to
learn any specificcognitive skill (Clark, 1983) . Whenever one finds
anattribute -- such as zooming intodetails or rotating visual

forms or ways todepict threedimensions -- itwill always be the

case that other, different attributes or presentation formswill
teach the same cognitive skill. If thisclaimiscorrect, thenone
must conclude that media attributes are interchangeable and make
nonecessary psycholegical contribution to learning.

: i mer 5t !
Media Attributes. Of course, there arestill grounds for

reasonable dispute about media attribute theories. Bob Kozma, at
the University of Michigan, has provided a summary of an
alternative point of view in a recent ECTJ article (Kozma, 1986) . A=
+oams notes that specificmediaattributes donet have to be
necessary tobe imfjgrtant for learning -- a reasonable point. Yet
hestill argues that some media might have unique "mixes"” of
attributes and therefore be "powerful" and make a "unigque"
contribution to learning. This seems tome to beg the questionbut
I'meager for Kozma tobemore specific about whichmix and what
medium. He and I have been collaborating on the development of
this argument and are committed to continue towork togetheruntil
we have resolved the problem.

? The remaining
issue is much more emotional and less tangible. If one reaches tha
conclusion that media make nonecessary psychological contribution
to learning outcomes, can one then support theuse of media in
educationand training? The answer tothis question is, I think, a
very enthusiastic "yes". My research has beendirected to
dispellingmisconcaptions about the psychological contributionof
media. Onadifferent level, there is considerable evidence that
the benefits tobe derived frommedia are primarily ecopomic.
That ig, different types of media have the potential of savinga
significant amount of instructional development, learning and
delivery time and money. Economic savings are available both in
large instructional systems and on a more parsonal level tothe
writer and researcher.

Media alsohave the potential togreatly increase the
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reliability or consistency of instructional technology. The direct
benefit topsychological research are alsoobvious tomost of EE Owait
colleagues. Various deliverymedia have beenused as productive
analogies of human perceptionand thinking. The computer serves

as the model of the human learner which dominates the new and
exciting cognitive psychology. The mediumof Laser Holegraphy has
helped Carl Pribramat Stanfordunderstand the mysteriocus capacity
of the braintodistribute long-termmemory store throughout the
brainand make it more or less impervious to erasure. Whilemedia
will continue to serve as analogies of human cognitive and
perceptual processes, the most productive future researchwill
probablydeal withefficiency questions.

Zlms i L Me a. While
thare hn\'u been nnny ra:c:ant :-tud 1-&3 nf thi'. economic benefits and
pitfallsof media, one of themost thorough and important is the
racant, yet unpubl ished review by Henry Levin at Stanford
University (November, 1986) . Hehas reanalyzed a number of
racent, comprehensive CBT cost-affectivenass studies. His
conclusions, presentad onlybriefly here, note that CBT cost-
effectiveness (C/E) is relatively poor inmost evaluationstudies.
However, when sites make a detarmined effort to promote full
n;ijj.ia.;_ip_n of themedium and the software, C/E increasesbya
factorof 50 percent. Most important formediamanagers is
Levin's finding that there aredramatic C/Edifferences for the
came CBT programs between implementationsites. That is, when
the same CBT program is implemented indifferent schoolsorcities,
the C/E ratio changes by as much as 400 percent! This strongly
suggasts the importance of management systems for implementing
and directing the use of CBT systems. Levin'sstudyalsoprovides
many important cautions for the researcher and the practitioner
communities. Todate he has located about 80 large-scale CBT
evaluationstudies where costs and time were assessed. Yet, his
attempt to include only adequate studies inhis analyses excluded
all buteight fromhis final analysis. It seems that we should be
wary of basing research or implementationdecisions onany
arbitrarily selected subset of this flawed literature. Levin's
descriptionof what he calls the CBT "implementation" issue should
be required reading forall media researchers. He notes, for
example,; that elementary school computer systems tend tobe more
fullyutilized than those in secondary or college settings --which
may account for the typically larger achievement effect sizes found
inthe meta-analyses by Kulik and others.

We should, I think, welcome the increasedmedia research
collaboration of outstanding economists such as Levin. It seems
that the practical payoff available toeducationand training from
media isprimarily economic and administrative. If wecan
encouragemore rigorous cost-effectiveness research, wewill know
better how tomake the bast use of newer systems.

The Social and Political Context of MediaUse. Of course,
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evenwvhenwve find the most efficient way todeliver instructionin
various settings therewill always bebarriers to implementation. In
this regard I have been influenced by the scholarship of Bob
Heinichat IndianaUniversity (1985) . Heinich cautions us that
education is a "labor intensive" activitywhich is dominated by
powerful teachers unions. He recommends increased research
interest onquestionsdealingwith the social andpolitical barriers
tomedia implementation. Inthe context of Levin's cautions about
"full implementation", Heinich seams tobe pointing to apotentially
significant barrier which needs tobeunderstood better. What is
desperataly needed here is obiective and scholarly studies of the
social and political context of change in thedelivery of instruction.
We have ample examples of polemics about "teacher resistance" and
"Luddite" thinking in reference tomedia. The causeof the

conflict may stem from an impending revelution in our profession.

. Onebasicproblem inour past
thinking about media seems tome tohave been a confusion about
which technology was sarving what purpose. Heinich's (1985)
reminder that technology isbest interpreted as the "applicationof
a science" tosolving practical problems isacritical point. Inour
field we too often mean "machine" when we use the tarm
technology. Actually, themachineswecall mediaarethe result of
communication technology i.e. they are the consequence of the
sciences dedicated todescribing the transportation of information.
One of the eldest and closest scientificrelatives of communication
science is economics. Information theorywas theoffspringofa
marriage between "Ma Bell" and a few crusty mathematicians.
Essentially, it had itsorigin inthe search for moreefficient ways
tosend mora signals with greater fidelity over fewer telephone
cables. One rasulting technology calledmedia solves problems
relatedtotheefficiency of transporting or "delivering™ information
(this is the originof the grocery truck and nutritionanalogy).
However, delivery technology does not solve psycholoegical problems.
The "science" of psychology isapplied in the technology of
instructional design. Herewedeal with issues of, for example, the
psychological consequences of different task, individual difference
and instructienal method variables. Whenwe confuse the two
technologies and, by extension, theirunderlying sciences == we
design confounded research.

_ CONCLUSION

j W . The final point tobe
raised inthis paper seems tome to be the most importantof all.
The originof the resistance tomadia research and the confusiconof
technologies is part of a larger and more serious dispute in our
field. Thereal conflict isbetweenanolder "craft" oriented
approach tomedia and newer scientifically-based technologies. The
craft approach typifies much of teacher education and practice,
some of themedia enthusiasms, and (sadly) evena fewof our
university departments and professors of "educational
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communications, systems and technology”. The differences between
the two approaches are profound and the decision about which

point of viewwill dominate may be the most important determiner

of the future of our field (Clark, 1987).

Craft approaches are based on the assumption that problems
can be solved with procedures which have evolved over time as a
result of "expert" experience. Whenacraft dominates a teaching
activity, the curriculumconsists of procedures which are suspected
tohave solved problems in the past. Yet, these procedures seldom
are applicableto future problems and a craft cannot easily adjust
tochanges. John Dewey's attraction toscience as away of solving
educational problems stemmed from his concern about our failure to
provide educators with effective and flexible strategies for
teaching. As aresult, hewrote, the teachar must "...fall back upon
mere routine traditions of school teaching, or to fly to the latest
fad [or] panacea peddled out in school journals or teacher's
institutes -- just as the old physician relied upon his magic
formula." (Dewey, 1900, p. 113). There are simply toomany "magic
formula's" around today in the media area. Toomany unfounded
assumptions and procedures for gquiding instructional designand
delivery. Many of these assumptions are demonstrably wrong but
since there is little attempt at cbjectivity, the samemistakes are
repeated over and over without correction. It is the natureof a
craft tonoticewhat fits our expectations and ignore what does
not. This strategy seems tomaintainour self esteem in
unimportant personal matters but it makes a mess of our
professional contributions.

BarbaraWard, the great historianand sociologist, has varned
that thedifference betweencraft and science-based technology is
as profound as the most fundamental difference between primitive
and advanced societies. The backward dependence oncraft when
technologies areavailable is, I think, one of the most important
rootsof thedifficulties being experienced inthe past fewyears by
AECT. The commitment to research and researchers in this
organizationhas always been tentative and reluctant. Enthusiasm
for the newest media fad and panacea has been the dominant theme
cfthisorganization for the two decades that I have followed its
activities. Peoplewitha strong commitment toand training in
research have seldomheld responsible positions in AECT. When
thay do they typically report a considerable lack of interest on the
part of many powerful members to support a research focus for the
entireorganization. One current consequence of this attitude has
been the recent failure to support our research journal, ECTJ, even
though it has always made more money than it costs to publish.

WhileI amreluctant tosuggest a solution to AECT's problems,
I dothink that media researchers need toorient thamselves much
more towards their "parent"” social sciencedisciplines. We cannot
continue to conduct our research with the same set of values which
havedriventhemedia enthusiasms of thepast. Ifone is interested

&
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ininstructional design for computer-based training for example,
then it is imperative tomaster and follow the research and theory
developments in instructional paychology. Specialists inmedia
daelivery should monitor relevant economice and organizatienal
research. Those interested inthe types of problems raised by Bob
Heinich should make a commitment tomaster research in sociology,
social-psychology and/or political science. Whatwill connectusall
is a common thread of scientific methodology, a commitment to
developinga "linking science" (as Dewey suggested), and an abiding
interest in contributing to the future development of instructional
research, theory and practice.
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Many people believe that computer technology will change society in the
years ahead as completely as the invention of the printing press did 500 years ago
or as the invention of writing did thousands of years ago. These earlier inventions
gave peaple new ways of encoding, storing, and retrieving information, and they
ultimately changed the way people worked, the way they played, and probably
even the way they thought. Computers have also given us a radically different
way of handling information, and so it seems inevitable that they too will
dramatically alter the way we lead our lives.

Educational researchers and developers therefore are no longer asking
whether 8 computer revolution will eccur in education, They are asking instead
how it will occur. Will the changes in education come swiftly and smoothly, or will
education’s transition to the computer age be full of false starts and costhy
mistakes? How long will it take for educators to start using the computer well?

During the past two decades, hundreds of educators and evaluators have
examined the effectivencss of programs of computer-based teaching. We joined this
effort because we believe that adapting to the computer age is one of the major
challenges facing schools today and that evaluation studwes con help schools mest
this challenge. Our approach was to amalyze statistically, or meta-analvze,
findings from as many evaluation studies of computer-based instruction as we could
find. Our purpose was to provide weachers, researchers, and policy makers with an
overview of what educators have accomplished to date with computer-based
instruction.

We carried out four separate statistical analyses of findings on computer-
based instruction (Bangert-Drowns, Kulik, & Kulik, 1985; C. Kulk & Kulik, in
press; C, Kulik, Kulik, & Shwalb, 1986; J. Kulik, Kulik, & Bangert-Drowns, 1985).
These analvees covered a total of 199 comparative studies: 32 in elementary
schools; 42 in high schools; 101 in universities and colleges; and 24 in adult
education settings. Each of the 199 studies included in our analyses was a
controlled, quantitative study that met our predefined standards for methodological
adequacy. The studies covered use of the computer in (a) computer-assisted
instruction, or CAIL including drill-and-practice and tuterial instruction; (bl
computér-managed instruction, or CMI; and (¢} computer-enriched instruction, or
CEL ineluding the use of the computer as a calculating device, programming tool,
and simulator.

Overall Results

Most of the studies reported that computer-based instruction has pasitive
effects on students.

1. Swsdents generally learned more in classes in which they received computer-
based instruction. The average effect of computer-based instruction in all
198 studies was [o raise examination scores by 0.31 standard dewviations, or
from the 50th to the Glst percentile.

2, Students also learned their lessens with less instructional time. The average
reduction in instructional time in 28 investigations of this point was 32%.

3, Students also liked their classes more when they received computer help.
The average effect of computer-based instrustion in 17 studies was 1o raise
attitude-toward-instruction scores by 0.28 standard deviations.

19




17
CBI: What 200 Evaluation Say 2

4. Students developed more positive attitudes toward computers when they
received help from them in school. The average effect size in 17 studies on
attitude toward computers was 0.33.

5. Computers did not, however, have positive effects in every area in which
they were studied. The average effect of computer-based instruction in 290
studies of attitude toward subject matler was near zero, and the average
effect was also near zoro in 23 studies of course withdrawals.

Study Features and Qutcomes

A few study features were consistently related to outcomes of computer-
based edwtation.

L]

1. Study results were consistently stronger in published studies and weaker in
unpublished ones (p < .01). The average effect of computer-based
instruction in published studies was to raise student examination scores by
.46 standard deviations, whereas its average effect in unpublished studies
was to raige scores by only 0.23 standard deviations.

2. Effects were larger when different leachers taught the experimental and
control groups (p < .05). Effects were smaller whan the same teacher was
responsible for both groups. With the same teacher in charge of
experimental and control groups, average size of effect on examination
scores was 0.24 standard deviations. With different teachers in charge of
the groups, the average effect was 0.490 standard deviations.

3. Effects tended to be larger in more recent studies and smaller in older
studies (p < .05). The averape effect of computer-based instruction in
studies published before 1975 was to raise examination scores by 0.24
standard deviations; the average effect in studies published in later vears
was a score increase of 0,36 standard deviations,

4, Effects were also somewhat larger in short studies and weaker in longer
ones (.10 < p < 20, The average effect of computer-based instruction in
short studies was to raise examination scores by 0,36 standard deviations,
whereas its average eoffect in longer studies was to raise scores by 0.27
standard deviations.

Because study features were moderately intercorrelated, multiple regression
analyses were carried out on study feature data. In the multiple regression
equation developed from the full data set, three of the four study factors had
significant weights: publication source, control for instructor effects, and study
duration. The regression weight for the fourth study feature —study year—reached
a borderfine level of significance.

Discussion

Why have evaluations of computer-based instruction produced such positive
results? Several different Tactors might have contributed to the favorable picture
in the literature:

Editorial gateheeping. Journal editors and reviewers may prefer to publish
strong and significant results rather than weak and insignificant ones.
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Experimenial design flaws: Design flaws in evaluation studies may allow
researcher biases and expectations to color study results.

Instructional guality: The positive results from meta-analytic studies may
reflect real differemces in the quality of conventional and computer-based
instruction.

Editorial Gateheeping

If editorial gatekeepers base their publication decisions on the significance of
study fndings rather than on study quality, then published studies provide a
distorted picture of what actually works in education. In such a case, an educator
could get s better picture of what works from the clearinghouse literature, the
dissertation literature, or—better yet—the fle-drawer and wastebasket
literature. The poorest guide to what works would be the most highly peer.
reviewed literature,

Belore throwing away the most respected literature in education, however,
we should consider another possibility. The difference in results in published and
unpublished reports may have anocther cause. We should remember that the
authors of journal and dissertation studies are different individuals working under
different circumstances. They differ in their research experience, in their
resources, in their relationship to instructional developers, and in many other
respects. Such differences can explain—just as well as editorial gatekeeping can—
the differences in results found in dissertations and journals. It seems to us that
we know too little about what lies behind the difference in journal and dissertation
results to roject out-of-hand either kind of result.

Experimental Design

Can flaws in experimental design explain—or explain away—ihe positive
findinge from studies of computer-based instruction? Some reviewers think so.
They believe that with imperfectly controlled experiments, positive resulits are
more likely to occur than negative ones. Among the factors that might distort
results in an imperfectly controlled evaluation are differences in time-on-task, self-
selection differences in assignment to comparison groups, and uncontrolled teacher
aflects,

The evidence from our meta-analyses is that not all such factors are
impartant. The positive results of evaluations of computer-based instruetion eannot
be attributed to differential time-on-task for comparison groups, for example.
Studies that control for tme-on-task have produced nearly the same results as
studies without strict controls on instructional time. Actual records of instructional
time have been collecied in several studies, and these records suggest that students
in Tmpu;_:r groups often receive instruction for shorter periods than conventional
students .

Probably ne other methodelogical point has received as much attention in
evaluation research in recent years as the distinction between random experiments
and quasi-experiments. Random experiments are generally thought w produce
clear and consistent results; gquasi-experiments are often thought to produce
inconsistent and hiased results. In our meta-analyses, random experiments and
guasi-experiments produced the same results. Our meta-analytic results did not
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support the idea that the nature of subgect assignment to groups is an important
methodological flaw in evaluation studies of computer-based instruction.

Results from studies with and without controls for instructor efTecls are
somewhat different, however. In the typical study with the same instructor
teaching experimental and control classes, the effect of computer-based teaching
seemed modest. In the typical study with different instructors in experimental and
control classes, the effect of computer-based teaching seemed more substantial,

Why should one-instructor and two-instructor experiments produce
somewhat different results? It is not at all obvious to us. It may be, for example,
that in two-instructor experiments, the poorer instructor is usually assigned to the
control condition and the better instructor to the experimental condition, and the
difference between conditions 15 magnified because of these tencher assignments. I
this 15 the case, then one-instructor studies more accurately assess the elffects of
computer-based instruction. It may also be, however, that in one-instructor studies
there ks dilfusion of the innovative treatment to the control condition. Invalvernent
of a teacher in an innovative approach to instruction may have a general effect on
the quality of the instructor’s teaching. Outhining objectives, constructing legaons,
preparing  evaluation materials, and working with computer materials—
requirements in computer-based instruction=may help a teacher to do & better job
in a conventional teaching assignment. If this is the case, two-instructor studies
provide the better basis for estimating the size of an experimental effect.

Instructional Design

Computer-based instruction is often well-designed instruction. The hard work of
an instructional design teams often ensures the quality of computer materials.
Objectives are usually clear and explicit. Instruction is carefully sequenced. The
materials engage the learner’s attention and encourage learner activity. The
program provides frequent feedback to the learner. Instructional design teams
often spend 100 hours developing just one hour of computer lessons,

Certain features of the computer make it an especially attractive medium for
instructional designers, Computers can generate attractive and complex graphics
quickly. Computers can simulate motion. They can give undivided attention to a
single learner. They can provide complex evaluations of a learner’s performance.
They can wait patiently. They can be programmed to model & learner's cognitive
Processes.

In certain respects, computer lessons seem to have an advantage over
lessons presented by classroom teachers. Fow classroom teachers can put 100
hours of preparation time into each one-hour lesson. Classroom teachers cannot
give each individual in a large classroom their continwous, undivided attention.
Classroom teachers can be notoriously slow at grading student work and preparing
reparta. And their patience is often tried by their students.

Can such differences account for the superior record of computer-based
instruction in evaluation studies? They might. It is possible that the computer has
fared so well in evaluation studies because programs of computer-based instruction
have generally been well-designed, and computers have delivered instruction in an
attractive and engaging way. It is possible, in other words, that we should take
the findings of stedies of computer-based instruction at face value, and conclude

22




] 20
CBI: What 200 Evaluation Say 5

that the computer has so far been an excellent vehicle for the delivery of

Conclusions

Among the conclusions that can be drawn from our analysis, the following
three seem especially important to me:

—mmomeom

1. Most programs of computer-based instruction evaluated in the past have
produced positive effects on student learning and aftitudes. Future
programs for developing and implementing compuoter-based Instruction
should therefore be encouraged. If such programs are as carefully designed
8% current programs are, they will most likely produce positive results,

results of computer-based instruction, but the findings reported in journal
articles are clearly more favorable. Researchers should give high prierity two
finding out what factors produce differences in journal and dissertation
results. Does editorial gatekeeping lead professional journals to present a
distorted picture of social science findings? Or do dissertation authors simply
measure experimental effects less well than do more seasoned researchers?

" 2. Both journal artiches and dissertations present a basically positive picture of

J
! 3. Although a varety of different research designs can be used to show the
effectivenass of computer-based instruction, certain research designs seem to
l produce more positive results. Studies where the same instructor teaches
both experimental and control classes, for example, report somewhat weaker
{ effects than do studies with different experimental and control teachers,
f Studies of long duration often report weaker effects than do short studies.
{ Heasons for the difference in results from stedies using differest
experimental designg are nol well understood, however. Research on such
| factors should be encouraged.
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Computer-Based Enhancements
for the Improvement of Learning

Robert D. Tennyson
University of Minnesota

For the past 20 years a major debate in the field of
educational technology has been the two part question: "does
media improve learning?", and if so, "by how much?". Early on,
proponents of an affirmative answer based their opinions solely
on technocratic assumptions. This group is still alive today but
with increased support form the hard technologists (i.e.,
computer scientists) which offer such "new" technologies as
microworlds, "intelligent"™ computer-assisted instruction (ICAI),
and expert systems. Those educators who answered with a
negative, based their conclusions basically on methodological
grounds. They argued first that research findings in favor of
the question were flawed in both experimental design and
methodology. Giwven the academic approach to their criticism, the
opponents only achieved recognitien in a limited circle of
educationally based research programs. And, with the rapid
development of computer technology following the application of
the mirco-clip in the later 19708, the gquestions no longer seemed
relevant. That is, it was assumed to have been answered in the
affirmative by the advancement of techneology.

However, by the mid-80's, educators by increasing numbers
began to realize that maybe the question needed to be
reconsidered given the apparent decline in computer popularity as
the solution to the crisis in education. Once again though, the
technolegist have been successful in fending off the opponents
because of several hardware (e.g., interactive video) and
software (a.g., LOGD) developments. But, as the new
technological "sclutions" continue to fail or to be replaced by
yet another educational panacea, opponents are still raising the
gquestion a new. And as the new technolegies bacome even more
sophisticated, the guestion is actually becoming more important.

The purpose of this presentation is not an answer to the
question, but to elaborate on the guestion and to offer a view
that is at the same time a yes and a no. The problem seems not
to be the technolegy, but the failure of proponents to adequately
trace the variables of their respective media techniques to
clearly defined learning processes. For example, LOGO is suppose
to improve thinking skills simply because the student is engaging
in a technology-based discovery system. Although proponents of
LOGO claim some foundation in nec-Piagetian learning theory,
they, for the most part, have invented a set of terms bayend the
scope of Piaget's theory which focuses on experience and effort
in learning. Piaget emphasized active engagement in the domains
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of information, not artificial environments divorced from real
knowledge.

To illustrate this concept of tracing media-based variables
to the improvement of learning, I will concentrate on the program
of research that my colleagues and I have been working on since
1371. There are of course other researchers and centers of
programmatic research which further illustrate this concept of
media research founded in learning theory: for example, Joseph
Scandura, Robert Glaser, David Merrill, Paul Merrill, Richard
Clark, Steve Ross, and Gabriel Selomon.

Tracing Model

In this article I will discuss six basic educational
components nacessary to trace media variables directly to
specific learning processes. Because of the focus of my research
on computer-based variables, I will not include cther media forms
(e.qg., video and print). The purpose of this article is not to
explain in detail all of the components, but to propese that an
answer to the guestion on media and improved learning can be done
in part by showing the direct of linkage media variables to
specific learning conditions and processes,

Information processing model of learning. In my research
program, the basic learning theory is directly related to a
information processing model. This model has been defined in
several sources (Tennyson, 1978; Tennyson, in press; Tennyson &
Christensen, 1987). The model includes these system components
(Figure 1): (a) the receptor component by which external
information is entered into the brain; (b) the perception
component where the information is filtered according to
individual criteria; (c) the short-term/working memory component
which has a dual function. The short-term memory deals only with
information at the given moment and does so with no cognitive
effort for encoding. Working-memory on the other hand engages
directly with long-term memory to encode information inte the
current knowledge base; (d) the long-term memory component which
consists of the storage and retrieval systems. The storage
system codes information according to specific types of knowledge
(i.e., declarative, procedural, and conceptual) while the
retrieval system involves the thinking skills associated with
differentiation and integration; and (e) the cognitive process of
creating knowledge within the cognitive system itself.

Insert Figure 1 about hera

Components of Tracing Model

Table 1, shows the six main components usually associated
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with the instructional design (ID}) process. In practice,
however, the links betweean the components are neither well
established operationally or theoretically. My purpose here is
to both illustrate and discussion the linkages to proposa that
media can improve learning when it is viewed as an integral
component of the entire ID process.

- - - - - - e s

Insert Table 1 about hera

The six components are:
-Learning Processes. The focus hara is on the long-
term memory systems of gtorage and retrieval. Storage
system refers to the learning processes associated with
knowledge acquisition (i.e., the encoding and coding of
information) while retrieval system refers to the
skills of thinking (i.e., recall, problem solving, and
creativity).
=Learning Objectives. The purpose of education is to
result in student learning (i.e., knowledge acquisition
and thinking skill development). Objectives are
necessary to identify the type of learning that is
desired. Tha objectives should be linked to specify
learning processes.
=Knowledge Basa. Analyzing the information to be
learned involves not only the basic content but also
the structure of the information as knowledge in
memory.
=Instructional Variables. The means of instruction are
the variables by which information is communicated to
the student. In Table 1, I present those basic
variables which have been empirically tested to improve
learning. The variables are directly linked to their
respective primary learning processes. Certain
variables may also have secondary links to other
processes.
=Instructional S5trategles. The instructional
strategies identified here only represent those which I
have tested in my research program. And, in most
situations, employed computers in some capacity.
=Computer-Based Enhancements. The enhancements listed
here are sub-divided into categories according to their
intelligence in decision making. Conventional
computer-based instruction (CBI) usas branching
technigues that are determined in the design stage and
are preset in the program. Intelligent CBI ara rule-
based programs that make decisions at moment the
student is learning: Thus, they adjust moment to moment
to individual differences.

Tracing declarative knowledge. In general terms,

.
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declarative knowledge means "knowing what." For example, the
student knows that underlining keywords will improve recall. The
learning objective for this learning process is wverbal /visual
information. What the student learns is both an awareness and
understanding of concepts, rules and principles. For example,
the student is aware of certain strategies for recalling of
information from text. The knowledge base (KB) in my context
employs a schema theory application. With this form of learning,
the KB identifies the schema characteristics of the knowledge.
Characteristics include the objects, events, and situations of a
schema. For example, the student has a schema of underlining
keywords of sciantific taxt.

Tha instructional strategies for improving this learning
process include variables directed to information that is
specific, and perhaps, finite. The variables label and
definition provide the location and connection of information in
a KB. When a connection is difficult to establish, the
refreshing variable focuses on the need for review of appropriate
necessary knowledge. To initialize knowledge, the expository
presentation of examples establishes a clear case of the content.
This is especially important in the learning of complex rules and
principles. Instructional strategies of drill and practice help
the learner in acquiring the awareness of specific information
with an expository presentation (e.g., a lecture) clarifying the
understanding. The conventional computer-based enhancements
provide for the optimal pacing and display of information while
the intelligent enhancements keep the student directly involved
with understanding the information to be learned. For example,
the mixed-initiative variable allows the student to ask the
system a guestion. Advisement keeps the students informed of
their learning progress and needs.

Tracing procedural knowledge. Procedural knowledge is

"knowing how." For example, the student XKnows how to usa the APA
in the writing of scientific text. The

learning cbjective refers to this process as an intellactual
skill, in which the students learn how to employ concepts, rules
and principles. The KB here identifies the organizational
structure of a given schema. For example, the student knows how
to usa the heuristics necessary to conduct experiments in
educational research. The organization of a schema can take many
forms, for example an algorithm or strategy used in searching
through a data-based retrieval system.

The primary instructional variables at this level focus on
practice of the information in problem or interrogatory
situations. Examples should be selectad to provide a wide range
of applications. Divergent examples allow the students to
elaborate on their KB. Tutorial instructional strategies provide
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a convenient method of interaction between the student and the
tutor, be it either a human peer tutor or a computer-based tutor.
The basic format is gquestion/answer with the tutor challenging
the student to clearly amploy knowledge to prevent or eliminate
misconceptions.

It is with this instructional strategy that the most
dramatic advancements in computer-based instruction have been
made in the last ten years. The variables listed in Table 1, are
all part my research program the MAIS (Minnesota Adaptive
Instructional System). The MAIS is a complete intelligent
instructional system with an expert tutor moniteoring student
learning at all levels of learning. WVariables monitored by the
MAIS include the amount of information, learning time, seguence
of information, feedback, and corrective error analysis. In
fact, the MAIS implements all of the enhancements listed in Table
1. Additienally, all of the enhancements have been empirically
tasted in both laboratory and applied environments.

conceptual knowledge. This learning process refers
to the acquisition of the knowledge of "when and why." For
example, the student knows the value of knowing different types
of reading strategies. The learning objective, conditional
information; implies the ability to perceive the criteria,
valuaes, and/or appropriateness for employing concepts, rules and
principles. The KB represents an analysis of the schematic
network associations and the rules which governor the
connections. Knowledge in a KB is represented in a varlety of
ways. For purposes of education, it is often possible to
represent this informatien in a number forms: for example, a
taxonomy, a category, or a hierarchy. The KB here is structured
to represent how the knowledge may be organized in memory. oOf
importance to the KB is the identification of criteria associated
with the structure. For example, the learning objective suggests
that the student needs to know the conditions of employment as
wall as the how of employment.

The instructional wariables for this learning process
influence student learning in two ways: First, they provide an
opportunity for the students to experience the KB; and second,
they allow the students an opportunity to develop criteria,
values, and appropriateness. Very often these variables are used
in all of the identified instructional strategies. The variables
of context and advance organizer improve the initial awareness of
what is to be learned by helping the student to select and
organize appropriate existing knowledge. For example, selecting
a specific method or strategy for organizing resources to study,
Faedback and strategy information improve the integration of the
new knowledge into the KB.
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Cooperative learning group technigues improve conceptual
knowledge acquisition by allowing students to both develop
solutions and see alternative solutions to problem situations.
Within heterogeneous groups, the students work towards a specific
goal by using their respective abilities and aptitudes and, by
doing so, improve their understanding of the criteria, walues,
and appropriateness of knowing when and why to employ knowledge.
The task-oriented simulation allows students to work on
situations that replicate the employment of the knowledge they
are acquiring. Such employment requires them to make decisions
on knowledge selection and organization and, by working in a
group, see how their ideas relate to the others. Computer-based
simulations can provide ease in adjusting tha variables and
conditions of situations as well as delivering the simulation.

Tracing retrieval skills. Most often cognitive theories of
learning focus on knowledge acquisition while basically ignoring
employment of knowledge in the service of thinking (i.e., recall,
problem solving, and creativity). However, the main goal of
education is not acguisition of knowledge, but the improved skill
in using it. The traditional schooling paradigm of learning
information to develop a disciplined work ethnic only indirectly
helped students improve their skills in thinking. Contemporary
cognitive psychology that deals with retrieval systam theory
indicates that thinking skills develop most adequately when
working concurrently with the KB. That is, thinking skills in
recall, problem solving, and creativity are developed not as
genaral strategies but as specific forms of knowledge embedded in
the schemata. And, as skills, the thinking processes of
differentiation, integration and creation can be developed and
improved. Therefore, such skill development should be an
integral part of the instructional systen.

For example, my general recommendations for learning time
allocation in a curriculum plan for each learning process is as
follows: declarative knowledge, 10%; procedural knowledge, 20%;
conceptual knowledge, 30%; and thinking skill, 40%. That is,
rathar than using almost 100% of the instructional time for the
learning objectives of knowledge acquisition, a major part of the
time needs to be allocated to thinking skill development and
improvement. The shift from the traditional schooling paradigm
of focus on knowledge acquisition to increased emphasis on
thinking skill development puts learning responsibility, or
power, more in the hands of the student. This is accomplished by
instructional strategies that employ problem-oriented simulations
within cooperative learning group techniques.

Problem-oriented simulations (Tennyson, Thurlow, & Breuer,
in press) present meaningful and complex problem situations in
which students are required to make solution proposals using
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knowledge stored in memory. The basic format of the simulation
is to group students according to similarity of cognitive
complexity (i.e., their general skills in differentiation and
integration). Within the group, each student is to prepare a
proposal individually and then present it te the group. At this
point, the student is to advocate his/her proposal. Because of
the conflict in this format, each student sees increasingly
sophisticated alternatives to the situation which helps them both
develop thinking skills and to elaborate and extend their
schemata. Additicnally, as the simulated variables and
conditions change, the students are faced with situations that
require them to create knowledge to make proposals. The
computer-based enhancements include both the conventional methods
of simulation variables and conditions adjustments as well as

intelligent methods of monitoring the progress and needs of each
student. ;

Summary

In this article I have presented a means by which educators
can determine if specific media variables and methods may improve
laarning. Thus, I did not attempt to debate whether or not media
improves learning. Media is but one component in a complex
instructional system. A system that involves principles of
instructional design as well as methods of instructional
delivery. What I have shown here is that to assume that given
instructional methods improve learning, those metheds must have
two aspects. First, they must axhibit a direct trace to a

specific learning process. And, second, they must have empirical
support that demonstrates thelr significanca.

Because of the focus of this symposium on the programmatic

research of the presenters, I have basically limited my example
of the tracing proceses to my resaarch findings. That of course
limits the generalization of the answer to the guestion on the
effect of media on learning, but I am sure others who have done
basic research in instructicnal technology could make a similar
affort. By doing so, there would be additional support for
understanding the role of media in improving learning.
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Clark's [(1983) statement that media have no real effect on
learning has raised a number of issues that have proven to be guite
controversial amongst both the scholars and the practitioners within
the Educational Technology field. The purpose of this short paper is
to assess the validity of Clark's claim from a number of
perspectives. In so doing, it seeks to remind readers of the context
in which Clark's comments were made and of the fact that his
criticiem was aimed at one particular aspect of media, namely their
delivery role, and not at others, such as their efficiency.

Paople need to remember that Clark's paper is first and
foremost a criticism of media research. There are two related
premises that underlie his criticism. The first is that confounding
leaves open a variety of interpretations of the results of studies
that purport to demonstrate the instructional superiority of media.
The second is that once the sources of confounding are removed from
experiments, all that is left to vary is the way in which the media
deliver their messages. Clark claims that how instructional messages
are delivered has absolutely no effect on learning =-- his "mere
vehicles" statement. If Clark had only made the first criticism,
then he would not have been able to conclude that media do not make
a difference in instruction, only that the studies addressing the
issue have been poorly designed and interpreted. The argument that
media do not make a difference arises from his second criticism,
namely that all they do is deliver information. It is with this that
most of this paper will be concerned.

Before moving on, however, it is necessary, for reasons that
will become apparent at the conclusion of the paper, to mention the
purpose of the type of research that Clark criticizes. A number of
scholars have stressed that what the field needs is a good
theoretical foundation which at present it does not have. For
example, Stewart (1985) complains that Educational Technelogy is
concarned with technigques (tricks of the trade) at the expense of
theoretical principles that can guide practice more generally.
Salomon (1979) has called these "explanatory principles" of how and
why things work the way they do, as opposed to prescriptions which,
as he points out, practitioners rarely use anyway. The corientation
that research in our field should take is therefore towards the
construction of valid and robust explanatory theories that provide a
framework within which to generate hypotheses and develop
instructional theory. The power of explanatory theory, as opposed to
mere descriptions and certainly to techniques, lies in its
affirmation of cause-and-effect relationships rather than just
correlations among constructs. It is therefore created by testing
truly experimental rather than correlational hypotheses. We shall
return to this later.

Five Aspects of Media
Salomon (1979) precedes his well-known discussion of symbol
asystems by identifying four aspects of media that might, potentially
at least, affect how people learn from them. These are: the
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technology they use, the symbol systems they employ, the content
thay convey, and the setting in which one encounters them. To these,
it is useful to add a fifth: the thoroughness that goes into the
design of the messages that they convey. This is a principle source
of confounding identified by Clark, particularly in studies of the
effectiveness of CAI (Clark, 198%5a, 1985b).

Clark's criticism is aimed at those who test hypotheses
concerning the relative impact on learning of the first of thease
five aspects of media, namely the technology they employ. The
technology is simply responsible for the delivery of instruction te
students. The technology is the "delivery van" of Clark's metaphor.
His criticism does not extend to research inte the other four
aspects of media. Clark implies that it isonly the technology that
can be unigquely associated with each medium. The other aspects cut
across several media.

This leaves us with some unanswered questions. The first is: Do
the other aspects of media -- their symbol systems, the content they
convey, the setting in which they are placed and the care with which
they are designed -- affect learning? The second is: If any of these
four is related to learning, then are a medium's symbol systenm,
content, setting and design in any way dependent upon their delivery
technology? If the answer to this last guestion is "yes", then,
apparently, there is a relationship between delivery technology and
learning, albeit an indirect one.

Evidence for Impact on Learning

Beginning with the first of these two gquestions, the answer
with respect to all four aspects of media is "yes". Salomon has
demonstrated empiricially (1974: sea alsoc Bovy, 1981) and argues on
thaoretical grounds that symbol systems certainly affect how a
person learns. Indeed, his research on Sesame Streat when it was
introduced into Israel goes so far to propose that a symbol system
can mould the mental skills of young children. In my own work (Winn,
1986; Cochran et al., 1986) it has been found that varying the
repleteness of the symbols representing elements in maps and
diagrams affects the way in which students perform tasks requiring
serial or parallel processing of the information.

That variations in content affect what people learn is self
evident. If a medium carries information about a football game
people will learn something different than if it had conveyed
information about ralsing goats.

The setting in which pecple interact with media also has an
effect on how they learn from them. This is true for both the social
setting and, in a narrower sense, for cognitive "setting". The
former is illustrated by Salemon's (1977) finding that encouraging
mothers to watch Sesame Street with their children resulted in
improved posttest scores for some children. In general, ona finds
that media viewed in the heme tend te be considered as
entertainment, while media viewed in school or in the workplace tend
to be considered instructional.

In the narrower sense, Salomon (1984) has observed that what
might be referred to as a "cognitive setting" also affects what
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people learn from media. For example, television is thought to be
easler to learn from than print with the result that students will
invest less mental effort in learning from it. The result is that
students often learn less from media that they consider "easy". A
gimilar finding has been reported by Clark (1980) for instructional
methods that students prefer. However, as in the case of the co-
observing mothers, these effects on learning are indirect. That is
to say, for children from a low SES background, watching Sesame
street with their mothers increased first the enjoyment of the
program which in turn improved their posttest scores. Believing that
television is easier means that students will not try as hard to
learn from it as, say, from text. This in turn means that they will
learn less.

Like the impact of content on what people learn from media,
that the carefulness with which the instruction they carry is
designed has an impact on what students learn is ocbvious. Evidence
for this is abundant, and Clark (19%85a) cites much of it in his
meta-analysis of CAI research. Yet one hardly needs evidence from
studies to convince one that instruction designed and especially
field-tested to meet minimal instructional criteria, as just about
every design model requires (Dick and Carey, 1985; Gagne and Briggs,
1979; Romiszowski, 1981, and many others), sheuld be mora successful
than instruction that is not. One could even argue that superior
effectiveness is de facto a characteristic of instructien that has
been field-tested to a given criterion. (That does not mean that its
other apsects, such as its flexibility, are superior. But that is
another story). However, such a claim is still in need of empirical
verification (Gerlach, 1984).

There is evidence, then, that although delivery technolegies
may not have an impact on vhat and how students learn from media,
the symbol systems a medium employs, its content, the setting in
which it is encountered, and the thoroughness with whieh the
instruction it carries is designed all influence learning. Thare are
two ways in which this evidence is typically interpreted. The first
is to affirm, as the advocates of media do, that, because these are
all aspects of media, media therefore influence learning. The second
interpretation is to argue that none of these four factors is
uniguely associated with a single medium, and that therefore they

. should be considered as sources of confounding and controlled for in
media studies. The way to resolve this apparent contradiction is to
loogk for evidence of relationships between technologies and the

| other four aspect of media. If such relationships can be found, then
the case of the media advocates is apparently strengthened.

Evidence for Relationships between Technology and Other Aspects of
Hedia

Are dalivery technologies in any way associated with symbol
systems? Indeed they are. In fact, Salomon (197%9) defines a medium
in terms of its technology and its symbol system. He points out that

{ a technology is a necessary (but not sufficient) condition for the
| emergence of a new symbol system. FPhotography could not exist
without the camera, nor is it likely that a great many of the
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special graphic effects we see every day on television would have
developed without the optical, electronic and digital technologies
that create them. Although a medium begins by borrowing the symbol
systams of other media, as television did from film and radie, and
computers did from workbooks, which means they are by no means
unigue, the characteristics of the technology eventually permit the
emergence of new symbol systems that are uniquely associated with
that technology.

Content types are also associated with particular media.
Newspapers carry information and opinions about current events,
vhilae books do not. Television carries commercials while f£film does
not. S8lides carry information about the way things look while
printed texts tend to be more discursive. This is not to say that a
particular medium is not capable of carrying all types of content.
Rather it is the custom that it does not. The reasons are cultural
and historical, not technical and psychelogical.

The same cultural and historical explanation is appropriate
for the associations between tachnology and setting. The technology
of £film allows images of extremely high guality to be enlarged to |
tha point where they can be viewed by hundreds of people at once. |
The relatively poor quality of enlarged television images. precludes ]
their viewing in such large groups effectively restricting
television viewing to the home or classroom. Similarly, books are
typically read silently by one person at a time. It is neither as
aeffective nor as efficient to read them out loud to large groups.

This does not mean that television cannot ba shown in movie theaters
nor that books cannot be read to large groups. It simply does not
usually happen that way. -

The technological aspect of media likewise is accociated with -
how well the instruction they deliver is designed. The technology |
embodied in a computer permits a student to study alone,
interactively, without the assistance of a teacher. However, to be
successful such instruction must be meticulously planned and
programmed. The designer must anticipate everything that is likely
to occur once instruction has started that will affect how a student
learns. When a teacher is involved, this is not the casa.
Instructional problems can be dealt with as they arise, which
regquires less thorough planning. The same is true of any mediated
presentation that is intended to stand alone. Even mediated
resources that are intended for use by a teacher require that pre-
and post-presentation activities be planned. Again, this is not to
say that CAI must be better planned than teacher-based instruction |
or that slide sets pust be accompanied by prescribed activities. It i
is just the way it is usually done when it is done well. -

Praviocusly we established that a medium's symbol system,
content, setting and design affect learning. We have now argued that |
symbol systems, content, setting and design are typically associated |
with a medium's technology. It seems logical to conclude that
delivery technology must therafore affect learning as media
advocates have claimed all along. But does this really follew? In
the context of media research, which we must remember is what




40
Hasearch &

clark's paper was all about, it does pot as we shall now see.

wed [=]

The crucial step in the argument that media affect learning is
the last one we examined -- the link between symbol systems,
contents, setting and design with delivery technologies. The flaw in
the conclusion that is typically drawn after presenting the sort of
argument we did lies in the fact that symbol systems, contents,
getting and design are correlates of a medium's technologilies,
nothing more. Thus, as we saw, television may use symbol systems
that are as much aspects of other media as they are of it, and may
not use the symbol systems it has helped to evolve. This is the case
whenever a film is shown on television, wheneaver television shows a
still picture or graphic, or whenever it shows a picture of a
“talking head". A considerable percentage of the broadcast time of
television is devoted precisely to these types of message. (It is
perhaps ironic that it is in commercials that the greatest
proportion of the unique symbol systems of television occcur). We
also saw that the contents of media and the settings in which they
are usually encountered are more a result of custom than they are of
anything else. In theory, any medium can convey any contents and can
be used in any setting. Thus, films can carry news stories (remember
tha Pathe newsreels?), films can be shown in the living room, as
home movies usually are, computers can show "slides", newspapers can
sarialize novels, and so on. Also, we saw that the messages
delivered by technologies that permit students to study alone do not
have to be better planned than those delivered by teachers. They
just usually are. These examples may not account for the majority of
times that a medium is used, but they are certainly the case a
significant number of times.

The implication of this, of course, is that the relationships
between delivery technolegies and symbol systems, setting and design
are correlational rather than causal, descriptive rather than
explanatory. Researchers have observed that these relationships
exist, but have not established any causality within them. By
implication, the same applies to the relationship that might exist
between delivery technology and learning. Because a researcher
observes that students studying from a computer perform batter than
students studying from a workbook does not mean that the computer
causes them to learn better. Moreover, the researcher's observation
does not even explain why this appears to be the case. It simply
records that it happened.

Research and Practice

We have in a sense come full circle. We began with the idea
that the role of research in cur area should be first to develop
explanatory theory. Any discipline that thinks it can survive on
rules of thumb is doomed to fail, and we have come pretty close to
failure, for this reason, in Educational Technology. In our field,
we like to insist that we bridge the gap between research and its
application, between theory and practice, batter than most
educators. However, we have failed to acccomplish this. The reason
is that ocur research agendas have scught the short-term payoff at
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the expense of long-term theory-building. It has been more
profitable, in terms of our apparent prestige and even our
pocketbooks, to find solutions to instructional problems that work
for the moment. This "guick fix"™, "instant remedy"™ attitude pervades
avery aspect of our culture from cold remedies to social programs to
foreign policy. But it is a dangerous attitude indeed in a science.
So while it might be convenient, for the moment, to kid ourselves
that media make a difference, and that we know how to select the
right medium for the given objective, we must face up to the fact
that we usually cannot axplain why it is we make the recommendations
we do. Fortunately few people have asked us to.

However, we have been caught out on many occasions. For
example, we touted instructional television for a number of years.
It worked, up to a point. But when it failed to live up to its
expectations, we could only explain why in terms that aveided the
real issues =-=- teachers refused to use it; it cost too much; peocple
did not put enough money into producing quality programs. These read
like excuses rather than explanations. If we had really understood
that it was not television per se that was involved in any apparent
improvements, but other "confounding" factors, we would have
directed cur attention not at the medium of television but at the
instructional methods that users of television might employ with
students,; the settings in which instruction takes place, the
cognitive processes it engages through its use of symbols, and so
on.

A more current example concerns computers. Researchers have
observed that CAI appears to improve student performance under a
number of circumstances. As Clark (1985%) has pointad out, the
reasons wa have given for this phenomenon have been faulty. But, we
tell ourselves, it dees not matter that the reason for the apparent
superiority of CAI is, for instanca, a Hawthorne effact and nothing
intrinsie to the computer. Indeed, there is nothing wrong with
designers exploiting the Hawthorne effect if it leads to batter
performance. However, what happens when computers are no longer a
novelty, they no longer appear to provide superior instruction, and
wa cannot explain why? Our reputation suffers another setback and
computers lose faver, just as instructional television did, for the
wWrong reasons.

At the root of many of the great tragedies in our literary
tradition, from Scphecles to Ibsen, lies the lack of awareness of
the tragic hero of what is goi on arcund him. In that tradition
things that one could not explain were attributed to Fate or to God.
We, however, profess a different tradition, a "scientific" ocne that
is based upon knowledge. The root of that tradition is understanding
of what occurs so that we can explain it to ourselves and to others.
Yet, in spite of our avowed rationalism, we cannot but fail to note
a fatalism in the way in which we conduct research and develop
instruction. We promote a promising medium, design poor experiments
to study it whose rasults, like the pronouncements of the Delphic
oracla, can be interpreted in a number of ways, one of which always
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supports our faith in the medium. We continue to this, without
really being able to explain why we are getting the results we
1 observe, until the medium begins to fail us. We then dump it having
learned nothing, and begin the whole process over again with another
!Eﬂi“f
: This is indeed tragic. If we were to develop explanatory
theories cperating at the level of principles rather than developing
technigques whose validity is limited, we would be far more
successful. In this regard, Clark is absolutely right. The media
have nothing to with accounting for how people learn. Higher-order
principles, or "methods", do, and it is these that we need to
discover, promulgate and understand.
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Summary,=-= The effects of prose-relevant pictures an 42
college students' prose recall were studied. 5Students were given
one of two instructional treatments (prose-plus-pictures,
prose-only) which included science content. An immediate- and
delayed-recall criterion measure was administered. The
prose-plus-picture group's mean criterfon test score was

significantly greater than that of the prose-only group im the
immediate testing condition.
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During recent years, many junior and senior high school, and
cu]l!$e textbooks have presented large numbers of 11lustrations
and pictures with the written text materials (Individualized
Science Instructional System, 1980; Intermediate Science
Currfculum Study [ISC5], 1973; Intermediate Science Curriculum
Study, 1973, 1970; Wong, Bernstein, & Shevick, 1978). In some
Cases; 45 much page space is devoted to pictures as 15 to the
writien text.

Many science curriculum materfals stress active investigative
behavior on the part of students, problem-oriented activities,
individualization of instruction, and the development of the
inquiry processes of science (Intermediate Science Curriculum
Study, 1972). While one may agree that process-oriented goals
should be major outcomes of science instruction, it is still
desirable and necessary for students to remember fnformation.
Gagne and Briggs (1974) suggested that:

Students of science learn much verbal information,

Just as they do in other fields of study. They learn
the properties of materials, objects, living things,
for example. A large number of “science facts" may not
constitute a defensible primary goal of science
instruction. Nevertheless, the learning of such
“facts" is an essential part of the learning of
science, Without information, learning in any subject
could have no continuity, no “substance” (p. 53).

It can be argued that one must recall observations or
information to develop concepts and ideas of science. In
addition, it may be necessary to understand factors influencing
the recall of information prior to developing a full understanding
of factors influencing the development of higher level cognitive
OUTCOmEs .

Early investigations on the use of pictures as adjuncts to
written prose materials by Vernon [1953? and Burgick (1960) using
instructional treatments including science content, supported the
conclusion by Samuels (1970) that “there was almOst unanimous
agreement that pictures, whem used as adjuncts to the printed
text, do not facilitate comprehension” (p. 405). In a review of
pictorial research related to science education, Holliday (1973)
concluded that:
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pictures im conjunction with related verbal material
can facilitate recall of a combination of verbal ang
pictorial information. It is suspected that pictures
can increase comprehension in some cases: however more
empirical evidence is needed (p. 210).

There is now substantial support for the claim that
prose-relevant pictures do contribute to increased recall of prose
materials, particularly if the subjects are young children.
(Holliday, 1975; Holliday & Harvey 1976; Holliday & Thursby, 1977;
Levie & Lentz, 1982; Levin, 1981; Levin, Anglin & Carney, in
press; Levin & Lesgold, 1978; Willows, Borwick, & Hayvren, 1981).
Levie and Lentz (198Z) conclude that “i1llustrations facilitate
learning the information in written text that is depicted in
illustration" (p. 231). Levie and Lentz founc that the average
improvement for groups reading with pictures was 36X, Holliday's
(1973) call for more empirical studies remains valid, particularly
if studies include instructional treatments from existing science
textbooks and subjects are science students.

The purpose of this study was to investigate the contribution
of prose-relevant pictures to immediate- and celayed-recall of
written prose which included science content, when the audience
includea older learners {college undergraduates).

Fethod

Subjects

Subjects were 42 students enrolled in one of two sections of
an undergraduate graduate science teaching methods course for
elementary education majors. Host of the subjects were juniors
and seniors and a majority were female, The students had limited
backgrounds in the sciences. The content presented in the
treatment has not been previously discussed in the methods
course. Students participating in the study had previously passed
basic competency examinations in reading, writing, and
mathematics. To pass these examinations, a student was required
to score at or above the level of the average high school senior
on each of the tests.
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Matertals

Instructional treatments were adapted from "Speed in Less Than
1 Second™ (ISCS, 1970). The prose passage discussed how to make
and use a water clock to measure small time intervals. The
passage also described how to use the water clock to study
velocity and acceleration. The primary alteration of the material
consisted of eliminating the laboratory component of the activity
and removing the pictures for the prose-only treatment. While the
investigators are interested in the active involvement of the
learner in science classes, this study examined the possible
contribution of pictures to the recall of information in written
prose materfals. The prose-passage informed students how to do
the tasks but did not require them to perform the investigation.
A zample of the written prose follows:

First, let's get a "feel" for how the water clock
works. MWater is poured into the funnel-shaped clock.
If the ¢lock is held vertically, drops of water come
out of the clock. When a wel square of paper is
placed on top of the water clock, the paper keeps the
water from dripping.

The pictures that accompanied the sample prose passage are
displayed in Fig. 1. Slight modifications in the ISCS (1970) text
and pictures were made to add clarity.

[nsert Figure 1 about here.

Subjects in the experimental group had 12 pages of reading
materfal, including one paragraph on each page. The paragraph was
located on the left side of the page. The right side of each page
contained one to three prose-relevant pictures. All pictures were
line drawings and represented the narrative being presented.
Students in the control group read the exact same written prose
passage without pictures.

A 12-item multiple choice test was developed to test for
recall of information presented in the prose passage and
represented in the pictures. 5Significant picture effects have
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been found with various test formats (Levie & Lentz, 1582). A
sample item from the criterion measure follows:

Which of the following happens when you pour water
into an uncovered water clock?

A. the water drops fall at regular intervals
B. a stream of water flows through the clock
C. the water pushes the cart along a plane
D. the water is held in the clock

E. the water rusts the water clock

Design and Procedure

Students were randomly assigned one of two fnstructiomal
treatments (prose-plus-pictures, prose-only). There were 22
subjects in the prose-plus-picture and 20 in the prose-only
condition. They were asked to take designated seats in one of two
areas in the classroom. The same information was presented on
each student's cover sheet and instructions were given orally to
the students. Students were instructed to read the selected
material and review the accompanying pictures (prose-plus-picture
group) one time and to raise their hands upon completion of the
reading. All students completed the treatment within a 15-min
time period.

A 12-1tem multiple-chofce test was immediately administered to
all subjects. Twenty-eight days later the same subjects were
retested using tha same criterion-test. The delayed test was
unannounced and administered using the same instructions used for
the immediate test. The subjects did not re-read the prose
passages prior to the delayed test.

Results

The experimental group (prose-plus-pictures) average criterion
test score (B2%) was significantly greater than that of the
control subjects (70%) in the immediate conditien (tgg = 2.08,

€ .058). The criterion measure discrimination index was 0.41.
he Kuger-Richardson Index was 0.67 and the standard ervor of
measurement was 1,37,
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Insert Table 1 about here.

After a 4-wk. delay, the experimental group’s average
criterion test score (62%) did not differ significantly from that
of control subjects (57%), t <100. Both groups (prose-plus-
pictures, prose-only) scored significantly lower on the delayed
test than on the immedfate test. The prose-plus-picture groups
average recall was significantly lower fn the delayed testing
condition, (paired tp; = 7.50, p < .001). Prose-only subjects
also recalled significantly less in the delayed testing condition,
(paired tog = 3.59, p < .01).

Discussion

The inclusion of representational pictures with written prose
materials resulted in significantly higher average recall for the
prose=plus=picture group in the immediate testing condition. The
magnitude of the picture effects in the immediate testing
condition are similar to those identified in previous studies
using other types of prose passages, i.e., fictional narratives
and human interest stories (Anglin, in press; Levin & Berry, 1980;
Peng & Levin, 1978). 5Subjects’' average recall in the
prose-plus-picture condition was 12% higher than for the
prose-only group. Levin (1981) has argued that representational
pictures produce a stronger memory Trace than the trace associated
with & verbal representation of the text.

The picture effects were not durable over time (28 days).
This finding is not consistent with results from previous studies
using other types of prose passages (Anglin, in press; Levie &
Lentz, 1982; Levin & Berry, 1980; Peng & Levin, 1979). The lack
of picture effects in the delayed testing condition may be due
to: (a) passage type andfor (b) the type of test items used in
the multiple choice criterion instrument.

The durability of picture effects may vary across passage |
types. Fictional marratives or human interest stories may be more {
memorable than the type of prose passage used in the current study.
The type of criterion-test items used may also have contributed to
the lack of picture effects in the delayed testing condition.
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Anderson (1972) recommends the use of paraphrased guestions to
infer comprehension. Replicating this study using paraphrased
guestions would be informative. However, as previcusly discussed
in this paper, significant picture effects have been found with
various test formats. Further study examining the effect of type

of passage and the test questions used fn the criterion measure
are worth pursuing.
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Fig. 1. Pictures accompanying sample prose passage in
eaperimental condition
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Table 1
E#r‘fmn of Ex%rimul and Control Groups
on [emediate and ayed Tests
Group
Experimental (n=22] Contrcl (n=gd)
Independent
Test Mean 5.0. Mean 5.0 t-value Prob.,
Inmediate 9.86 1.98 B.40 Z.56 Z.08% 0.044
Delayed 7.40 Z.20 b.B5 F.41 0.79 0.436
*» < 0.05
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Instructfonal media resecarchers have often adopted
theories of perception as conceptual guldes for conducting
reaegarch. MNorberg (1953, 1962, 1988, 1978) identified two
categorles of perception theorles and contended that each
had distinct implications for instructional media research.
One category la described asgs extroverted because [t fneludes
theories which are primarily concerned with characteristics
of external stimull and the Influence that the corresponding
sensory information has on the formation of mentel represent-
ations or percepts, Extroverted theories assert that the
f meanings individuals draw from sensory Information are
primarily determined by the quality of the stimull;

1 inferring that the perceliver {8 relatively pasaive In

i perception. The other categoery of perception theories is
described az Introverted. Supporters of introverted

1 theories helleve that the most compelling aspects of
perception are the sell - direcctied Internal processes that
individuals wse in constructing percepts from sensory
information,

Assumpt ions underlying extrovertod and introverted
theoriea of perceptlon have alternate laplliecations for
ingstructional media ressarch. 0By esphasizing the isportance
of stimulus quality, extroverted theories Imply that instrue-
tional media research should center on characteristics of

mediated stimull. These stimulues based approaches include:
methods for making distinctions between "real world™ and
mediated atimull, sachemes for clasasifying differences in

mediated stimuli and strategies for determining the amount
and gquality of stimuli which will optimize the understanding
of apecific concepta. Intraverted theories presuse that Lhe
individual is aetively involved in the construction of
percepls, leplying that rescarch should focug on media
atrategles for developing., enhancing. or elleliting internal
perceptual processes which contribute to Intelligence.

Much of the Inatructional medla research and sany of
the media utilization models (Dale, 1969; Dwyer, 1970) and
megsage design principles (aee Fleming & Levie, 187T8&) have
been based on extroveried theories of perception. However,
degpite Norberg's [I1988. 1978) recomsmendatlons for pursuilng
research based on introverted theoories, Tew such studies
have been conducted. A comprehensive plan for conducting
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regsearch based on introverted theorieg 13 needed. Moreovaer,
this plan should lead Lo media strategies for establishing
or eliciting perceptual processes which contribube Lu
intelligence, as opposed to belng concerned primarily with
the acquisition of specific facts or concepts,

reeption: A Relevant Definfition for

L .2 ot = fma

Ingktr :LJyn;l Media Research

- wEL

Before considering Lheories of perception In greater
detall it is appropriate to define, or at Jeast limit the
meanlngs gliven to, Lthe term perception. Debates regarding
the nature of perceptlion have crossed a wide range of disclp-
lines including: art, ecducation, engineering, philosophy and
pasychology. Lebowitz (1885) explalined that this wilde-spread
intercsl has nol yielded o universal definftion, and sup-
geated that Interpretations be gulded, to some eaxtent, by
the praciical and theoretical needs of the uvsers. The
definltion for perceptlion, adopted by Instructional media
regearcherg, shouwld: accord relevant means for ldentifying
the primary meéntal processes under investigation. recognlze
possible contributions of affiliated processes. and provide
a framework for determining how medlin cAn be wvsed to. promote
the acquislition of mental processing skills.

Psychologlists, Brown and Deffenbacher (1978) refered to
physical world phenomena in terms of distal and proximal
atimuli. Objects Aand events in the phyaical world are
referred to as distal stimull. Informationm about the distal
stimuli which reaches the senses s called proximal stimull,
whlch may he In the form of light energy. sound waves,
chemlcal molecules,. heabt, or pregsure. In wigfon, the
proximal stimuli emanating from anm ehject takes the form of
distinctive diffraction patterns of light energy. Thease
distinctive diffraction patterns serve Aas an encoded
representation of the objeact. Whean the encoded light energy
strikes the viewer's eye, it cause a change in the firing
rate of the receptor cells In retina. These initial sensory
reactions te proximal s#btimuli are called sensation.

As sensory messages travel along the neural pathways to
various lecatlens In the brain, neural mechanlszms alter the
structure of the information prior to the formation of the
percept (Cornsweet, 18970; Hubel & Wlesel, 1877). The mental
development of the percept s further Influepced by central
mechanisms responsible for attending toe and selecting
certaln aspects of the sensory Information. These
aechanisms also include constiructive processes used in
deriving meaning [rom sensory arrays (Gregory 1970; Gyr,
1972: Rock, 1983}).

(2)
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A complete description of perception Includes both processes
involved in sensation and centrel processes which may not
require the direct Ipput of sensory infermatlon.

As & long-standing precedence, psycholopists [ James,
1890; Wundt, 1870: Hillgard. AtkKinson & Atklnson., 18571) have
chosen to define perception In terms of consclous mentm]
representations that have an Immedliate relatlionship to the
proximal stimuli. Thus. perception is defined aa, “"The
mental processes uwsed In developing consclious percepta which
are Lthe immediate result of sensatlion.™ This definfition
makeas a distinctiaon betwean [Hll"ﬂl"-llll"ll processes and
higher-order cognitive procosses used Iin the formation or
manipulation of memorial representatlons. However, percep-
tion iz also considoered to be & subset of cognition; with
perceptual processes having a reclprocal Interaction with
higher-order cognitive processes including hypothesis
formation and problem solving (Nelsser, 1966),.

A definition for perception, that distingulshes belween
those mental processes whilich result in the formation of
percepts and those which result in the formation of memorial
reprasentations, may serve ns a gulde for Instructional
media researchers. According to this definition a number of
percepts might be formed while vislting the Zoo, watching a
film or reading a book. BHut the moental representations
which remain once the individual has left the zoo, finished
viewing Fantasia, or reoading The Wizard of 6z, are formed by
higher-order cognitive, asg opposed to strictly perceptual
processes, This is because the memorial representations are
acted upon In absence of the corresponding sensory informa-
tion. The memorial representation may be In the form of
images which possess perceptual-1ilke gualltlies {(Shepard &
Podgorny, 18%8; Cooper & Shepard, 1270: Fleming, 1877)., but
the processes Acting on thelr construction may also have
some distinet differences which impact on learning
(Richardson. 1988: Kosslyn & Pomerantz. 1977: Palvio,

1876). Thus, the distinction between percoepts and imapes.
and the corresponding processecs used In thelr construction,
might ald in the jdentification of medisn strategies for
effecting the transfer af perceptual processes to
higher-order cognitive processes affiliated with
intelllgence.

Research Based on Extroverted Theories of Perception

According te Glbson (1954, 1988, 1972). movement
Lthrough the environment is the snahling facter Ih percep
tion. Gibson clalmed that as Individuals moves through the
environment they become aware of the invariant gqualities of
objects, The abllity to differentiate objects Iz developed
as porceivers begin to make assocfations between invariant
qualities and the objects they represent.
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Exposure to a wilide varlety of environmental stilmull has the
more far-reaching effect of providing the learner with the
basis for developing abilities to abgorb Invariant gqualities
more readily,

In his recomamendations to media researchers, Glhson
(1854) noted that media provide the means for exposing learn-
ars to an axtenslve variety of artificlal or vicarlous
experiences which they may not otherwise have the
opportunity to encounter. jllowever. he stressed that the
effectiveness of Instruction wilth media (s highly dependent
on tho nature of the media stimuli or surrogutes employed.
Gibson (1954) defined surrogate as "a stimulus produced by
an individum]l which ig relatively specific to some object,
place ar event not at present affecting the sense organ of
the perceiving Iindividual" (p.5).

Gibaon ldentified two forms of surrogates: conventional
and non-conventiomal. Conventional surrogates, such as
words or numbers, are connected to thelr referenta by
conventions of arbitrary rules established by society.
Non-conventional surrogates are replicative. in other
words, the Information projected by non-conventional sur-
rogates |ls lsomorphic to the information which would have
been projected by ifts referent. Drawlings, photographs and
Filmg are forms of non-conventional surrogates; although
they vary in the degree to which the are replicative.

Extroverted theories which focus on the importance of
invarlant qualities and distinctive features (Travers, 18977)
of stimuli have led to a number of schemata for classifying
media attributes. The more recent schemata articulate
distinctlons which are similar to those made by Gibson In
differentiating conventional and non-comventienal surro-
gates. Kennedy [(19T74) and Levie (1978) referred to words
and numbers as non-iconic symbols while drawings and
photographs are described as fconic symbels. Other research-
eray (Olson & Brumer 18974; Salomon 1877), have recommended
enploying Goodman's (1968) notation scheme for determining
relationships between media attributes and mental
processes. While Goodman's scheme may provide greater
differentiation between symbol systems, the essential
distinct|lon between verbal type and plictorial type systems
is similar the distinction proposcd by Gihson.

In Goodman's claaslficatlon scheme, notatlonal symbaol
systems, such as verbal language, numbers and music, are
characterlzed by arbitrary conventions of ayntax and
semantics. More notational systeas establish more precise
connectlions between symbola and referents. Thus, highly
notational symbol systems require the learner to develop
precise assoclatlons between the symbol and ita referent.

On the other hand, non-notational aymbol avstems, project
the eszential proximal stimuli that would have been project-
ed by the referents. This isomorphism between symbol

(4)
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and referent, characteristic of highly non-notational
systems, allows learners to galn meaning through baslc
perceptual processes used to interpret the exterpal world.

The assumptions regarding how pecple learn from
notational and non-notatfonal symbol systems have
implications Ffor instructlonal media research which are
characteriatic of extroverted approaches to perceptlon.
Instructlion with highly notational symbol systems reguires
that the learner possess a thorough understanding of the
syntax and semantlec of the system before learning canm take
place. Instruction with highly non-notational symbol
systems relies on the learners' “natural” abllity to
mediate the invariant gualities in sensory Informatlon.
This Implies that message designer's should be aware of the
invariant gualities implicit in non-notational symbols and
base Instructional deslgn on principles whlch govern thelr
structure.

Extroverted theorles have provided inslghts for
designing messages which exploit existing mental processes
to teach specific concepts (Fleming & Levie, 1984].
Nonetheless, they are not particularly vseful when the goal
is to develop or eliclt perceptual processes. There i=s
evidence that perceptunl experience is required during the
early critical phases of development In order to establish
normal perceptual abilities (Blakemore & Cooper, 1870:
Gregory, 1877). However, Lhe haslc perceptuval processes.
required to recognize lnvarlant qualitles, appear to develop
naturally during the course of normal humans development
{Hochberg & Brooks, 1962: Movahon & Van Slyter, 1981).
Introverted theorics may provide a more Truftful basis for
relating perception to learning because they aszsume that the
learner is actively Involved in the construction of
percepts. As Norberg (1878) explalned. “"If perception %
regarded as a consiruciive process, in some degree an
interpretation of the “outside' world, and not just a direct
apprehengion of some preexistent reality, it then becomes
reasonable to Inguire Inta the means by which perceptual
judgemenis are (ormed” (p.93).

Research Based on Introverted Theorles of Perception

The principles developed by the Gestalt paycholopglsats
(Werthelmer, 1923: Koffka, 1835: Kahler, 1947) represent
some of the baslc assumptions of intreverted theories of
perceptlon. Gestalt peychologlists belleved that perception
is dictated by & mental tendency toward consistency. They
used the term "Pragnenz” to describe this tendency; which
has the rather vague meaning of wholeness, good, simple or
regular, depending on the appllcation. Employing & number of
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speclifically designed drawings and objects, the Geszatalt
psychologists conducted experiments to fdentify certain
princliples which influence Pragnanz, These principles
ineluded tendencies Lo: associate parts of drawings with
egither a Figure or ground, group adjacent parts of [igures
together, group similarly shaped parts together, and see
continvation In broken lines. The Gestalt psychologists
concluded that perception Is pulded by avtomatic or
spontaneous principles of Pragnan: which transcend stimulus
characteristlice.

More reeent introverted theorles agree with the Gestalt
assumption that the constructian of the percept Iz to a
large extent dependent on the nature of Internal processing
skills. However, they disagree with the assumption that
these processes are spontaneowus. Gregory (1870) and Rock
(1878, 18983) bellieve that central mechaniasams of perception
aften invelve decision-making processes which incorporate
analysis by the percelver. For example. Rock (1675) propos-
ed that during resolution of figure-ground problems the
stiaulus information Is flrst reglstered centrally. This
central representation is then analyzed by hypothesis
forming mechanisms whilch take into mccount the pozsibility
that the contour represents either the figure or the
ground. The percept 15 then formed according to the most
plavsible solution. He further explained that reversal of
percepts, which occurs when viewing ambiguous figures. such
ag Rubin's Greek Urn, is n reflection of the central
mechanism®s attempt to solve equally plausible solutions.
This explanation for vesolving ambiguous Tigures differs
greatly from the one offered by the Gestalt paychologlst,
Kohler (1947), who explained that such reversals are
spontaneously Induced after a sort of neural fatigue aets
in.

According to Rock'as explanatien, many of the sentral
mechanisms of perception resemble processes. including
preblems solving, proebabllity judgoments and hypolhezis
testing, which are affllinted with intelligence. Because
they musi operate on sensory Information prior te the
formation of consclous perceptas, these cognitive-like
central mechanism of perception may serve as precursors to
higher-order processes used In manipulating images, Neisser
(1966) contended that perceptual anticipatory schemata
influence what Information s acquilred, and this new
information in turn modifies cognitive schemata. When new
informatlion cannot be accommodated by existing cognitive
schemata, the structure of the schemata must be transformed
before the pnew Information can be absorbed {(Flavell, 1877.
1979; Salomon, 1981). If the learner can be prompted Lo
activates perceptual mechanlisms whlch have sufflcient
resemblance to cognltive schemata capable of accommodating
this pnew [pformaation, the perceptlonal mechanism may provide
the necessary framework for accommodating the new
Information.

(&)
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The notioen that higher-order cognltive processes are
gomewhat dependent on the development of perceptual
processes ls expressed in Plaget's [1966a: 1988b) genetic
epistemology theory. Plaget explained that during the
preoperational stage (ages 2-T7), chlldren are egocentric In
their thinking. That is, they are primarily concerned with
their subjective relationshlp te objects and events,
Precperational children tend to concentrate on particular
aspects (centration) and, for the most part, fall to
integrate or reconstruct parts into meaningful wholes. They
begin to use verbal and Iconic symbology but are often
fncapable of understanding relationships, such as revers-
ibility, that are implied by the syntax in language.

As children enter the concrete operational stage. (ages
7-11) they become more objective in their thinking. Thelr
thought is characterized by loglic and the ability to
understand relationships such as reversibility. Their
perception of obhjects also becomes more objective as they
begin to move thelr focus away from particular details
(decenter) and mediate transformational relationships.
Piaget and Inhelder {(1971) explain this change., from
centering on particular details to a more objective view of
parts relationships, In concluafons drawn from experiments
with the conservation of Jliquid task. Preoperational
children do not realize that when a fixed volume of liquid
{s transferred from a narrow glass to a wide glass the
height aof the liguld will change. This Iz because they
center on a particular perceptual aspect, e.g.. the height
of the ligquid. On the other hand, operational children can
anticipate the change accurately because they are capable of
mentally tranaforming the varlous perceptusml aspects.

The conservation of liguid problem involves processes
which can transform both percepts and images. Plaget
belfeved that the ability to make the necessary méntal
transformation is, to a great degree, affected by the
child's stage of development. Bul he also believed that
transforeational Ilmagery processes are contlngeéent on the
child's previous exposure to, and abhility in. processing
similar perceptual transformatlons. Plaget [(1966a) stated,
“It is af great interest to find this event of decentration
occurring at the perceptual level, because It appears In one
form or another as & necessary conditlion for cognitive
adaptation at all levels of the elaboration of knowledge®
p. [(3E5).

The assumption thal perceplual processces lead to
higher-order cognitive processes Implies that medla strate-
gies could be designed to replicate processing skills with
external media techniques. This Is the proposition that
Salomon (1978) used in designing research to investigate the
ablility of media attributes to model mental processes used
in cue-atlendance. Salomon conducted a study in which the
zooming attribute of a camera lens was designed to supplant
the mental zooming that was supposedly employed by
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individuals accomplished in attending to pictorial cues. He
found that the gooming Instruction alded subjects who
fnitially scored low on the cue atlendance task bont deterred
high-Initial-scorers. Apparently, the zoomling instruction
interfered with Lthe fonetional cue-attending satratepics
employed by those who nre pood sl attending to pictorial
CUEE .

Salomon offered an Innovative approsch Lo developing
mental skillls with media. Howewer, the Interactlions between
supplantation method and aptitude points te a conceplual
flaw in Salomon's agenda for research. Mental processes
cannot be observed directly, they can only be inferred from
behavior. [f the exact nature of the target processes is
unknown, IL is not possible to replicate processes wilh
medin attributes. Furthermore. as the numerous Tralt-
Treatment Interaction studies have found. different mental
processes are often used to accomplish the same task
([Cronbach & Snow, 18977: DiVvesta., 1975: Heldt, 1878).
Adopting strategies for supplanting specific processes for
gpecific tasks Invites Orwellian uniformity inm thinking
without providing evidence that the supplanted processes
will bo accommodated by the learner's cognitive structure,

A more appropriate approach ls to assume that the seed of
ingenuity resfdey withiln the learner and devise strategies
for eliciting, instead of replicating, mental processes.

Like other process uriented research, Iinvestigations of
gtrategies for eliciting central sechanisms of perception
should provide evidence that the addressed mental process
have cognitive validity., Sternberg (1983) polnted out that
many of Lhe errors which heave plagued intellectusl skills
training programs could be avolded by establishing theorles
of intellectual performance which speciflfy mental processes
that have recelved verification outslde the context of the
tralning program#s. Sinee 8 comprehensive training progranm
fnvalves tralning in severnl processing skills. each of the
processes must be validated independently. The strategins
can then be Incorporated In an Intellectual tralining program
designed Lo address one intellectuval component comsisting of
a number of related mental procesascs. The processes which
fall under the general intellectual component of mental
imagery are promising candidates for research Investigating
gtrategles for ellciting central mechanisms of perception.

EEE tructive and Transformational Imagery:
ihutinna Lu Inlulligente

The abillty to mentally manipulate perceptual-like or
analog mental images has been linked to development of
memory [(Paivio, 1976; Bower, 1972),. reasoning gkills {(Plaget
& Inhelder., 1871: Bruner, Olver & Greenfield 1866; Haufmann
1978) and creative thinking (Shepard 1978;: Hadamard, 1945;
Finke, 1880). The imagery process implicated in these
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gtudies require the ability to esither mentally construct
and/or transform memorial representations. Evidence
supporting the validity of these constructive and
transformational imagery processes Is found in psycha-
biographical reports on noted thinkers (Hadamard. 1845;
Shepard, 1978). OFf particular interest are reports frome
James Maxwell on the mental processes he used while
developling theorleas of electromagnetic radiation and by
Albert Einstein on his thoughts during the development of
the "Speécial Theory of Relatiwvity.” Both Maxwell and
Einstein reported constructing and transforming images of
three-dimenslonal physical bodies., Shepard explained that
Einatein initially conceived the "Special Theory of
Relativity™ while Imagining himself traveling at the speed
of light and noting what he "observed” did not correspond to
existing theorles. Such imaging skillas require highly
abstracted yet well organized mental processes capable of
constructing mental representations based on the Integration
of both spatial and temporal dimenzions.

Validating Imagery Processes and
Corresponding Central Mechanisms of Perception

Butterfield, Silida and Belmont (1980) recommended
using a developmental aspproach to valldate processes involv-
ed in intellligence. They defined process as "any aspect of
cognition Lthat changes with age or can be changed by
experience” (96). Processes Involved In Intelligence are
consldered to be those Lhal become Increasingly complex and
abstractly organized with age. The existence of standard-
ized teats of Iintelligence which incorporale age varfables
is offered as evidence for the breoad acceptance of this
assumption.

A siudy of anorthscoplc perceptual processes condocted
by Aust [(1984) provides an example of how the developmental
approach can be used to valldate central sechanlsms of
perception. Anorthscopic (abpnormally viewed) perceptlion
refers to the abllily to recognize [fgures as they pass
behind a narrow slit which is arlented vertically Iin the
contler of a stationary opague field. Recognitlion of
anorthscopically presented flgures regquires the mental
conslruction of flgure percepis on the basls of spatial and
temporal information. S8ince both the viewer and the display
positions resaln constant, the proximal Iinformation from the
glit Falls in a Fixed location on the viewer's retina.
Conseguently, Lhe two-dimensional properties of the (lgures
must be constructed on the basis of changes which occur omly
dlong the slit. The processes used to mentally construct
percepts from an anorthscopic display are described as
perveptual because Lthey are connected directly to proximal
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gstimuli, as opposed to being constructed from memorial
representations. Rock {(1978) reported that viewers of an-
orthascopliec displays form consclous percepts of the figures.
That is, they report “seelng” faint coples of the figures
while viewing anorthscoepic displays.

Subjects were 20 kindergartners. 20 second graders, and
20 adult undergraduate students. Anorthscoplc displays of
eight familiar and eight unfamiliar Figures were prepared
and transferred in a random order to videotape (see figure 1
for examples). Subjects were Iindividually tested by an
obaerver in a distractlon - free room where Lhey sat In front
of a television monltor. After each Tigure had passed the
slit on the television monitor the observer stopped the
videotape and asked the subject te point to one of I8
figures printed on a form, This forced-cholce measure of
recognition ability served as the dependent variable.

Analysis of recognition ability Tound that adults ([M»
15.5) recognized more Figures than second graders (M= 14.8),
who recognized more Tigures than kindergartners (M= 11.4).
Scheflfe analysls at the .05 level found a slgnificamt
difference between subsel one, comprised of kindergartners,
and subset two, comprised of adults and second graders.
Regults confliermed the hypotheses that the abllity to process
ancrthscopically presented Information follows a
developmental trend similar to Plagetian operations of
intelligence.

A second aspect of the anorlhascople perception study
Iinvestigated the effects of temporal components on the
construction of the percept. Subjects were 20 adult under-
graduate students. A target, desligned to indicate the speed
of the Figure moving behind the slit [assumed speed), pro-
ceeded each of the anorthscopically presented figurea. The
test videotape included 27 randomly ordered anorthscoplc
diaplays {three target speedas X three flgure spesds X three
figures). The dependent variable, attributed length (AL},
was based on the length of the flgures polnted to in a set
of 15 figure alternatives (five lengths for each of the
three figures].

A three (target speed) by three (figure speed) by 3
(figure) factorial design was used in analysis. Results
showed mean AL at slow target speed (M=3.03) less than mean
AL at medium target speed [(H= 3.44) less than mean AL at the
fast target aspesd (M=3.868). pc.01. In other words. the
length of the ldentiflied Flgure Increased with each decrease
in target specd and decreased with each increase in target
gpead. These Findings supported the hypotheses that anorth-
scople perception can be influenced by Internal temporal
components Involved in mentally constructing percepts.
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By demonstrating that anorthscople perception follows a
developaetntal trend similar to Plagetian operations of
intelligence, the anorthscoplc perception study agssisted in
valldating the perceptual processes invelved in mediating
the anorthscople display. The simllarily between
anorthscople perception and copnitive imagery skills was
further established by the second aspect of the study which
found that changes in assumed speed produced Aanalog chanpes
in the constructed percepts.

Questions Pertaining to an Apendan for Research

The medla techniques used In Lhe anorthscople
porception study are unlikely to have sufficient Iimpact omn
imagery abllity unless they are part of a more extensive
intellectual tralning program. A comprehensive imagery
development program might begin with recognition tasks
requiring the identification of figurcs from successively
more abstract deplictions. Other strategies might address:
cue-atiendance, monial rotation (Shepard & Meizler, 1971}
anticipatory transformations (e.g.. the conservation of
l1iguid task) or anorthscopic perception, More advanced
exercises might include tasks which require the percelver to
congtruct three-dimenzgionanl mental representations while
viewing a sequence of cross-sections depicting a
two-dimengional plane as it travels through objeets, A
display depicting a two-disensional planes traveling through
the human brain might asslist medical students In developing
the necessary Imagery skills for determining the locatlon
and orientation of cortleal slices.

S5everal guesgtlon pertalning to an agenda for research
have arisen:

1}). Is fourther development of schemes for classifying
symbol systems and media attributes warranted?
Have such schemes relied too heavily on metaphorical
comparlisons to verbal language [(Cassidy & Enowlten,
1983) 7

2. Are central mechanisms of perceptlion more “teachable®
thanm affiliated |lmagery procosses because success In
perceptunl processing reguires the immodiate
construction of percepla?

2). What are Lhe factors Lthat govern the transfer of
central perceptunl mechanlsms to affllisted cognitive
imagery processes? What are Lthe factors Lthat hindep
trangfer?

(11}
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5).

Bj.

Th.

To what extent should medja strategies depict imagery
transformations? (Some successaful computer
simvlationa, such as "The Factory.” deplet only the
before and after state of the objects. The learner
pust Imagine the required transformations).

Should medin sStrategics be designed Lo supplant mental
processes or elicit mental processes?

What are the essentlal differences belween and among
learners which impact on the success of media
strategies designed Lo promote imagery?

s the developmental approach for valldating processes
affiliated with intelligence sufficient? Are there
gther, more viable, methods for validating central

mechanisms of percepilon?

How should the media strategies, designed to promote
imagery, be organized In a comprehensive intellmctual
training program? Should a developmental sequence of
strategics be established?

(12)
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Flgure 1

The Informalion Projected al Three Distlonct
Moments [o an Anorthscoplec Display
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Reader Theories and Educational Media Analysis

Theories upon which mosl educational media research
is based are usually behavioral or cognitive in nature. Even
those studies which fail to state their theoretical
framework, most often make assumptions which place them
squarely in the behavioral or cognitive paradigm. These
paradigms, while incorporating powerful psychological
explanations for learning, neglect those social explanations
for learning upon which so much of our knowledge is based.
A Tew theories which incorporate social explanations for
learning are those applied in the analysis of the lanquages
of cemmunication. Since media employ their own languaqges,
they are ripe for such analysis. Some theories which
investigate the creation and reception of media texls are
structural and post structural rcader theories. In fact,
these Lheories have considerably advanced the field of
media studies in England and the United States (Gitlin,
1980, Ellis, 1982, Hall, 1980, Heath and Skirrow, 1977), |
believe they provide a rich vein for educational media
reserachers to tap. They allow the investigation of social,
cultural and historical issues which cannol be explored

within a behavioral nor cognitive paradigm, therefore, in
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this paper | will introduce the central concepts of post
structural reader theories and consider their application to
educational media.
Key Concepls

Post structural reader theories developed as a
reaction against structural analysis in which the media text
itsell is of dominant interest. Structural analysists believe
that messages are encoded in the media text and the viewing
process is simply one of decoding a fixed message. Critiques
of structuralism have indicated the shortsightedness of
such 3 stance, Il one considers the act of communication,
the media text is only one element in that process. In any
communication, messages are created by a sender or author,
encoded in a text and differently decoded by readers or
viewers., Therefore, the sender’'s or author’s intent, the text
and the reader/viewer become important parts of the
analytical equation. To overceme this theoretical and
pragmatic emphasis on text, post structural analysts began
to focus on the reader/viewer as the creator of meaning.
They believe that a reader/viewer creates meaning when
interacting with a media text which is coded and in which
the author’'s intent 15 embedded. Varying reader theories,

such as, deconstruction (Derrida, 1977, Bloom, 1975,

Hartman, 1979), reception theory (Jauss, 1970, Ingarden,
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1973, Charvat, 1959), structural poetics (Culler, 1975), and
interpretive strategies (Fish, 1980) defline key concepts in
a similar rashion.

Just as students interpret meaning in the process of
reading a book, so do they create meaning in the process of
viewing a lilm. One might say that this is one of the central
ways in which they learn from film, but the concept of
viewing can be constructed in a more active fashion. It can
be called reading. 5ince the concepts ol reading and text
take on new connotations in reader theories, it is best to
start with their definitions.

Reading in this case would be the process of creating
meaning while viewing an educational media presentation.
The presentation is a communication which has been encoded
in signs and symbols which remain dormant until they are
received by the viewer. The viewer, therefore, not the
medium creates the meaning.

Text in this case would be the word used to describe
the educational media presentation. The reason for the
selection of this word is twofold. Texts are items that are
read. By calling an educational film or video a text, one
calls attention to the active role of interpreting by the
viewer, not the passive role of viewing. Text also suggests
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a book which has been written and constructed with careful
intent., To call a film or video a text, calls attention to the
fact that it has been construcled and hopefully dispels the
myth of the opaqueness ol visual media. It works against the
notion that a camera is a window on the world.

Communities of Viewers are those readers who share

membership in a social, economic, professional or other
natural group and whose interpretations agree because of
their membership in that group. This concept is not shared
by all reader theeories, but is prominent in the work of
Stanley Fish (1980). Knowledge is often social and occurs
because of one's membership in a group, not only because of
one's individual brain function. For example, those readers
who share membership in that ubigiutous community of
adolescents, read John Hughes’ lilms of high school culture
differently than do adults. Likewise, those elementary
school children whose parents have refrained from supplying
them with guns and war toys may interpret missles,
presented as illustrations in computer programs, differently
than those children who are familiar with war toys. Those
high school students who have drug problems, read drug
education films differently than those who do not have

those problems. These are not just superficial reading
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differences, nor simply different reactions to a film. For
example, the organization of the texl gives the reader
access Lo syntactic meaning. In other words, the appearance
of 3 weapon next to a math problem on a compuler screen
does not only invite the reader to interpret the
juxtaposition symbolically, but syntactically as well. It
invites readers to interpret the weapon as a function of
the math concept, just as they would interpret a verb in a
sentence as a function of the subject. It sets wup

expectaions.

Paradigmatic meaning, on the other hand , is supplied
by syntax patterns or codes and readers can only work with
codes with which they are familiar and they are only
familiar with codes that come from the worlds or paradigms
to which they have access or which they have experienced,
in other words, their culture. The l:nnﬁﬂeﬂge, therefore,
acquired by a high school drug user comes, in part, from a
language and a practice which has specific codes and
convenlions. It is these codes and conventions thal users
employ when contextualizing the information presented in
drug education films. This is a separate reading of the film

not just a separate reaction.

"Intertextuality has two applications. The [irst




suggests that certain meanings of one text are created only
by the existence of related texts. | will use John Hughes'
films to illustrate this concepl. Certain codes thal are nol
unique to Hughes Tilms, if read individually, are unigue in
combination. For example, in his lirst teen film, Sixteen
Candles, Hughes establishes specific visual and speech
codes for high school groups of “brains,” “geeks,” "jocks,”
‘rich kids,” and “oulsiders.” After this film, he never adds
another categery to his characterization of adolescents,
therefore, he sets up viewer expectalions that all his teens,
with the exception of-the film's hero and heroine, will be
codified within one of these formulaic groups. His visual
and speech codes are so effective in the Tirst film, that he
need only invoke them once or twice in the other films,
before viewers can identify the group to which a character
belongs. Consequently, the combination of codes in one
Hughes film teaches viewers how to read his upcoming
films, and they interprel plot and character development in
relation to these codes. Cerlain meanings in one Hughes
film text are created only by the existence of his other
filmic texts. This is one alpication of “intertextuality”.

The second application of the term stems from an
extension of the term “text™. It 1is clear that media

presentations, such as film or television, may be called
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texts, because they have been created and encoded by
authors whose intentions are embedded in the media, but
there is another kind of post structural text. For example,
certain adolescent groups of the 19805 have speciflied
practices anﬂ conventions in their everyday lile. They
communicate messages about these shared conventions, this
shared knowledge through speech, behavior, clothing,
consumer habits, etc. Communications about those
practices and conventions may be called a text because it
has been constructed by authors, teens; contains encoded
messages and is interpreted by readers, teens. It was this
teen text that Hughes incorporated in his films and it is the
reason for his success. { Specifically ,he incorporated the
text of middle to upper middle white midwestern
adolescents.) He wunderstands and reproduces speech,
clothing and some of their behaviors. 5ince he employs their
text, this application is another example of intertextuality.

| have explained the terms “reading,” “text’
“communities of viewers,” and “intertextuality™ to provide
an entree to key conceplts in reader theories. These conceplts
aleng with the methods of reader theories offer educational
researchers an opportunity to understand how students

locate meaning in media presentations they view. To

illustrate the application of a reader theory | would now




like to suggest an analysis of Sesame Street,
Sesame Streel and Recpetion Theory

Of the reader theories mentioned above, | prefler
receplion theory, because the author's or producer’'s role is
well explored. Some theories, such as deconstruction, tend
to valorize the reader and overlook the author. Additionally,
reception theory offers the most practical guidlines for
analysis. Some other theories provide engaging theory but
little method. Reception theorists (Jauss, 1970, Ingarden,
1973) believe that any text is esentially open to
interpretation, but that at specific points in time, readings
of that text become ‘“concretized™ by readers whose
expectations have been determined by their culture. If
readers were interpreting a video text, their frame of
reference for that interpretation would be created by an
understanding of previous video texts, of similar themes and

subjects, and by their life experiences.

How then would reception theory explain how children
learn from Sesame Street? Most of the Sesame Street

studies to date attempt to ascertain what a child

remembers after viewing, but learning is much more than
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remembering. Making sense of Sesame Street, creating
meaning is learning as well. Yet what would researchers
have to understand before they could answer the question,
"How do a specific group of viewers make sense of Sesame
Street? Motice that the focus guestion has shifted from an
individual child to a group of children. Thal occurs because
the researcher cares Lo access that social knowledge which

children bring to the interpretation of Sesame Street.

Groups or communities of viewers often interpret a program
similarly, because of what they have learned by being a
member of that group. For example, a late 1980s viewing
audience would read Sesame Street differently than an early
19705 audience. Over the years, the program has been
valorized. After the first wave of Sesame Street research,
American educators and parents finally admitted that a
three year old was ready for prereading and math skills.
That message can be communicated to a 1980s viewer by the
manner in which some parents approach the program. Today
toddlers often play with Sesame Streel dells and toys, or
listen to the reading of a Sesame 5Slreel book, somelimes
before they start viewing the television program. The
content and structure of other television programs are often

part of toddlers” knowledge. Today middle class toddlers

have had to make sense of attitudes toward the program;




toys, books and dolls from Sesame Street; and the form and
content of other television programs before and during the
viewing of a single program. Therefore, a researcher must
understand the history of the program and the culture of its
viewers.

. How then can a person tap into cultural knowledge
by asking the simple question of a child, "what did you
remember from that program?® ( | do not suggest that we

ignore that question, but ask additional ones.) We know that

children read Sesame Street by filtering the program
through the texts from their everyday life mentioned above,
through the ways in which they have made sense of the
world around them. Analysts can access these texts in a
number of ways, by interviewing the children themselves, by

watching them watch Sesame Street, by cataloguing their

TV viewing habits, by observing their play, by interviewing
child psychologists, by talking to parents, by observing
parent child interaction and by observing the parent buying
habits for the pre school child. The objective here would be
to discover enough patterns in these diverse fields of
reference, so that an accurate picture of the culture of a
toddler emerges. All these fields of reference need nol be

tapped directly, but secondary sources, books and articles

may be relied upon.




The author’s or producer’s intent should be explored.
In the case of Sesame Street that would not be a hard task,
because the origination of the program is well documented.
A researcher could do some historical investigaltion of books
about the program, of files and reports from the Children's
Television Workshop, and could conduct interviews with the
designers and producers. Just as one could examine the
19705 Sesame Street viewer, one could also compare the
producers’ intentions in 1970 with their intentions today
and that could be accomplished through interviews. Perhaps
there would be some designers or producers who had worked
on the program for the 18 years of its existence.

The program ilsellf should not be ignored, but
examined for encoded meaning. Again the opportunily would
exist for historical comparison. The analyst could identify
those codes in the visual text which are drawn from the
world of the toddler and used to convey messages about pre
reading and math. (This is similar to the comparison made
between the everyday texts of adolescents and the Lleen
films of Jonh Hughes.) The best method, | believe, for
idnetifying toddler codes is still a paradigmatic analysis
drawn from semiotics.

Reception theory, therefore, offers the opportunity to

answer the question, "How do specific groups of viewers
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make sense of Sesame Street?" Reader theories in general
offer us the opportunity to expand that lfavorite question of
ours, “How does @a student learn from a media
presentation?®, to a consideration of the culture of the
student, so that we may answer the broader question, "How
do students make sense of media presentations?”
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Evaluations of Educational Microcomputer
CoursewvaresSoftware: A Content Analysis
of Published Reviews

While schools in the United States are purchasing
microcomputers at an increasing rate in thelr response
to the perceived potential of a new technoelogy, the
apparent motivating effect on students, and the
advocacy of parents, there s concern about the guality

of courseware being developed. One aspect of selecting
courssewvars and other educational materjals = obtaining
informat lon about their sffectivenega. A standard
gource of information for educators and librarians has
been reviews publ ished In Journals. Studies have been
dane which Investigated published reviews of
media-=-books, films, filmstrips, and videodiscs.
Howewer, a search of the literature did net reveal any
atudy of reviews of microcomputer courseware. [t
seemed timely to study courseware reviews to find out
which critecia they discussed, 1f ceviewers agreed in
thelr assessments, how evaluative the reviews were, and
whether the reviewing policy of the journal influenced
the review,

Hethod

The ressarch 3trategy included developing an
instrument that could be used for a content analysis
and selecting programs that had been reviewed wiaely
enough to provide sufficient material to analyze.
Editors of Jjournals would be contacted for infarmation
about reviewing policies,

The content anmalysis instrument was a composite,
formed of criteria developed Dy organizations that
evaluate courseware, for example, EPIE., Microsift,
and Alberta FEducation. Criteria are well developed,
many having been used for older forms of material, such
as books, particulacly 1m the area of content.
Classification of criteria and thelir definitions,
however, differed from form to form. The
classification scheme used i1n the instrument closely
follows that of M.D. Roblyer (1983), Each variable
wag carefully defined in order to form Qiscrete
categories for the apnalysis (Appendix A,

The variable, Student Tryout, which appears in
eilght out of the thirteen forms used (and 1n the
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reviewing policy of Educational Technglogy? has

been cikted in the literature as the most [mportant
factor in a good evaluation because students percelve
coursevare differently than adults. One faicly

new criterion, Innovative Use of Computer,. has been
tncarporated 1n a few forms, and atlempts Lo
gifferentiate the ordinary programs from the
extraordinary. As a result of the piiot study
conducted, a few criteria were added: Problem Solving
Ski1lls, Instructlional Component, Cueing Technigues, and
Monitoring.

Rating scales used in evaluation forms vary from
form to form depending on whether the quality of the
criterion s expresssd in the item: The scale s tied
to the way the ecriterion is written. A Likert-type
acale |3 very commonly used. Howewver. some forms use
no ratings at all, but are enticely nacrative, while a
few forms ask for an overall rating. In general, the
development of rating scales has been neglected 1n
evaluation. One exception to that trend is Owston‘s
{1985) evaluatlon instrument with defined scales. A3 a
result of the pilot study, 1n which a Likert-type scale
was not feasible, a simple three part scale was used [n
the study: positive, negative, or mixed (having
elements of bothl.

Logicsproblem solving courseware was chosen for
study becauses [he programs aeemed o be the most
innovat i ve and would be |jkely to elicit more extreme
reaposes from reviewers. Using TESS: The Educational
Softwace Selector (EPIE, 19853, and Digest of
Softvare Peview--Education ¢n.d.>, the most widely
reviedved logicsproblem salving programs were ploked.

They were: Cheas 7.0, Dragon‘s Keep, The Factory.
Gertrude s Puzzles, Gertrude s Secrets, Incredible
Laboratory, Pinball Construction Set, Rocky’s Boots,
Snooper Troops, and Troll s Tales.

Although there are many Journals which review
courseware, 1t 13 very difficult to pinpoint a review
of a particular program. The best sources of citations
of reviews proved to be three onl ine databases:
Computer Database, Microsearch, and Microcomputer
Ingdex. Other sources of cltations became evident
through an examination of books about software
pregrams, for exampie, The Whole Earth Sofftware
Gatalog (Brand, 19842, and Qnly the Best: The

(Mattas, 1985). Access or blblographic contrel of
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informat lon concerning reviews of media have varying
degrees of development, with book reviews the best
developed, and microcomputer software, along with
filmstrips, the worst.

The next step. of finding the reviews themselves,
was also difficult, because few libraries carcy a depth
of Journals in computing, which |8 where MOoSt Ceviews
are published. Inteclibrary loan waa able to obtain
some of the reviews--others were mpossible to get,
even from the publ ishers.

A content analysis was performed on the 147
reviews ocbtained. Fifty-three variables--46 evaluative
and seven descriptive--were considered. Excerpts
gquot ing reviewers’ opinions of varlable were recorded,
many of which were |ncorporated inteo Chapter 4 of the
dissertation (Bender., 1986). Katingg were recorced of
reviewers”® opinions--a simple positive, negative, or

mixed. The data were processed to vield percentages;
tables were constructed.

Pegults

The data obtained show that although many
criteria have been developed, few are used in published
reviews. Only sixteen out of the forty six evaluative
criteria were used In 50% or more of the reviews. The
percentage of use of a criterion ranged from a high of
TE.9% for Instructional Component to 0% for Field
Testing (which differs from Student Tryout i1n that
field testing I8 done by the developers of the program,
while student tryout (= done by the evaluatorld. The
evaluative criteria used most frequently were:
Instructlonal Component (76.9%2, Problem Solving Skills
EV5.5%), Visuals (59.2%), Suitable Level (57.8%),
Student Ease of Use (53.7%), Motivation (&6H. %),
Recommendationg (61.9%), and Support Materials (59.2%3,

Since there Is little evaluative content,
publ 1shed reviews of educational microcomputer programs
are largely descriptive. When reviews do evaluate,
they are positive 1n nature: most of the evaluat | ve
criteria that have been used have been rated as
positive. Table 1 shows the ratings of eriteria that
have Deen used at the S50% or higher level for
individual programs. Few variables have been rated as
negative. Although the results of the analysis may be
skewed Loward the positive because the programs
reviewed may be of a higher gquality than the average
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program, the results agree with research done on
reviews of other media. In genecal, it is very typical
that the better courseware programs are the ones that
are reviewed, The findings agree with cbservations
experts in the fleld, such as Alfred Bork (1985), have
made CONCerning CourSeWware Ceviews,

Inzert Table | about here

Consistency of reviewers” opinlions was part of
the study. Since most opinions Wwere positive, there
was a high degree of conslistency. although [ndividual
reviewers perceive gqualities of a program differently.
For example, in the reviews of Rocky s Boots, there was
considerable disagreement concerning the criterion,
Directions on Screen., OF the total of ten ratings, six
were pogitive, two were negative, and two weres mixed.
Positive: Whole Earth Software Catalog (Brand 1984,

p. 1882, "The instructions are clear, thorough, and
simple enough for any second grader--or for that
mattecr, any self-conscious adult--to grasp with a
little practice." HNegative: EPIE (1983}, "Although
the developer States that thig program 2 sultable far
age=s 7 and above, =tudents between 7 and 9 will have
congiderable difficulty with 1t. For these students
directions are difficult to read and fallow.” Mixed:
Electronic Learning (Unwin., 19832, "The program does

a good job of walking the player through the program
directions, but whan they get to the game=, many
children wil]l run nto problem=s. There should be more
explicit instructions on playing these games, with
examples.”

A few of the variables were descriptive criteria,
wvhich comprised part of every review studied. Although
al1 the reviews included some elements of Deserliption
and Summary, there was a wide range of detall covered,
Alberta Education, EPIE., and MicroSIFT consistently
provided valuable descriptive information. Because
choosing software that is compatible with hardware and
appropriate for the setting i3 confusing, especlally
for novices, the more detalled the Information, the
more helpful 1t 13 to selectors.
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Another aspect considered in the study was wvhether
individual Journals used one rating predominant|ly.
With the preponderance of positive ratings founa for
individual reviews, it was inevitabole that the Journals
would reflect that positive inclination. In every
journal except one, the ratings were primarily
positive. The exception was Educational Technology,
which had a higher percentage of negative than positive
reviews (57.9% negative, 36.8% positive). Other
Journals that had the highest negative ratings were:
GUE <Computer Using Educators?, 33.3%:; Electronic
Learning, 20%; and _The Journal of Learning
Digabilities, 18.1%. In addition. 1t was found that
gome evaluation organizations had a faicly high usage
af negative rating=a: EPIE, 31.6%; Alberta Education.
20.8%: and California Library Con=ortium, 23.8%. !

The investigatlion included filnding out the
revieing pelicles of jJournals and what the
relatlionship I8 between the policy and the ratings. 13
out of 32 publ ishers replied to the letter of inguiry.
Few of the respondent Journals have reviewing pollcles,
Egucational Technology is one of the rare journals
that encourages negative gcritieiam in Its reviews,
fAgalin, this situation agrees with studies conducted on
reviews of other media. The reviewing policy does Seem
to influence the nature of publ |shed reviews,

Conclusions

A review of the literature showed that reviews of
media are positive and uncritical in nature. The same
si1tuation obtalns for courseware reviews., A short
descriptive review may convey no more information than
an annotation Iin a publlsher’s catalog. Some critics
have attributed this endorsement of courseware to a too
cozy relationship with advertisers (Bean, 198G,
Besides having a heightened sense of skepticism, the
gelector would be advised to look for evidence of
student toyoubt. Although the study dld not measure
whether or not the evaluator mastered the program, (0
so0me ceaviews there were operational details that seemed
to indicate that mastery of the program had not been
effected. This ia analagous to authors’ contentions
that reviewers do not read their books thoroughly.

The study showed that courseware reviews need to
e gmproved--with more extensive descriptlons and
greater assegssment of griteria. The |anguage of




courgseware evaluation needs Lo be standardized--with
common definitiong develaped. Further, although

check] 18ts have their uses, in depth analyvtical
evaluations provide more substantial information Lo the
reader. Software reviews function more to keep
educators aware of new ltems than as major inputs into
the selection processa. At present, there 18 no
subst i tute for previewlng & program and obtalning Input
from several students in the target population. The
study verifies what the lliterature contencds: that
courseware evaluation IS in the sarly stages of 1ts
deve lopment and should evolve 1nto a more intelligent,
higher level system.
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Appendix A

Definitions of Evaluation Criteria

DESCRIPTIVE REVIEW
1. Description

Program name, publisher, price, hardware
requirements, version number, type of program, target
population., subject area, specific topic. preview
available.

2. Summary

bb=stract of program content, purpose of the

program, educational cbjectives, instructional
ey strategy, or program structure (MicroSIFT, 1982,
’ p. 132,

.I:"_
—a 1. Program operation
B i

q The software program is free of programming and

! ki operational errors. It will locad inte the computer
eagily and will run consistently under all normal
conditions (MicroSIFT, 1982, p. 35). Preasing keys
other than specified will not interfere with the
running of the program.

2. Input

Requlred student responses (including contral
characters) are consistent throughout the program and
F appropriate for the student population. Complex input
procedures are kept to a minimum unless the procedures
1 are justified by the learning objectives (Heck 1984, p.
15). Peripheral devices (printecrs, light pens, paddle
controllers, Jjoysticks, etc.) are used efficiently.

2. Response time

Displays and responses have a consistent rate;
there is no undue delay.

4. Random generation

Exercises, words or items will not appear In the
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game order each time the program 19 run (Blum, 1982,
B. 1272,

5. Technical documentation

The opecatlion of the program, technical options
and features are digscussed clearly and completely in
Accompanying printed materials (EPIE, 1984, p. 7).

CONTENT

“Facts, terms, |deas, concepts, principles,
theories, and constructs wvhich make up the subject
matter of an instcuctional package® (MicroSIFT., 1982,
o

1. Quality of content

Factual information and terminology are accurate,
complete, and up-to-date in the presentatlon and in
questlons and answers. Graphics, models, displays, and
gtatistica are correct. Terminoleogy |5 explained to the
degree requlred by the target student population. There
iz an appropriate depth of Information.

2. Educational value

The knowledge or skills to be learned have Some
relationship to school curricula or represent a value
in life. The progeam can be utllized in an
inztructional situation.

3. Consistency with cbijectives

The content matches the objectives set by the
program a=s demonstrated by the information required by

the student to learn or by behaviors expected of the
student .

4., Language

The language and grammar are correct, of the
highesat standard, and consistent Iin conventicn
tpunctuation, spelling, spacing? both on the screen
fincluding directions and error messages) and in
accompanying printed materials (Aless), 1985, p. 376),
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5, Reading level

Vocabulary, phrasing, and sentence length are
appropriate for the subject level and student leve].

&. Bilas

The progeam 18 free of racial, ethnie, sex, and
other stereotypes (Roblyer, 1983, p. 35).

7. Social chacacteristlcs

Moral 1ssues are treated sensitively. This also
appl les to the format of the program, which may
incorporate technigues that are questiconable. For
example, hangman games show capital punishment; many
arcagi type setups are based on war games (Heck, 1984,
p. 173,

INSTRUCTIONAL DESIGH

“The instructional strategy used to i1mplement the
gpecific package content® (Polrot, 1984, p. 5J.

1. Stated objectives

The objectives for the lesson are explicit]ly
stated so that the student knows what the |esson
covers., The objectives are considered useful and
important (Alessi, 1985, p. 3B5), and they are stateg
in behavioral terms (Futrell, 1984, p. 75) when
possible.

2. Prereguisite skllls

The necessary abilities and knowledge needed by
the student to undecrstand the leszon are stated,

3. Testing

There i5 an adequate number of test |[bems, at
appropriate levels tRoblyer, 1983, p. 3%). Testz place
student |n the program, measure sludent performance,
reflect the objectives of the program, and ace
technical ly correct. The record of test results 1m
accurate .
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4. Clarity and logic

Concepts are presented in a well organized manner ,
in A recognized sequential order, using appropriate
examples.

5. Instructional component

*The student gainis) new skills or concepts from

using the program” (Curriculum Beview cited in
Tl.‘ul!tt. 1"?51- P+ E‘?].

6. Cueing techniques

"Hintsespromptesfaded prompts, ete. [are] used
effectively.” (Clearinghouse of Alberta Educatlion,
nldip ﬂ-l- IEq’

7. Feedback

“Refers to information that Informs learners
apout the success or accuracy of their actiona. Thus,
feedback invelves providing the learner with “knowledge
of results.’" (Mitzel, 1982, p. 10433,

Feedback 13 timely, nonthreatening. appropriate
for the intended user. Feedback avoloa reinforcing the
wrong response, remediates when needed, explalna why
response was incorcect, does not detract from
instruct lonal message, cdoes not slow down progress of
student,. and presents summary of scores at end.

B, Attentian

The presentation engages the =tudent’s intercest,

2. Problem solving skilla

"Problem =olving involves the most complex set of
skills of all...instructional technigues. Goling beyond
similation, 1t allows the learner to put |nto practice
a range of concepts and skills neceasary to solve a
problem. The process as well as the solutjon is then
geen to be applicable or adaptable to other problems
with the same or similar characteristics" (NEA, 1983,
p. 20)
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10. Utilization of computer

The program 15 well sujted to computer use, and |=
more than an expenslve page turner (Hofmelater, 1984,
p. 7.16). The computer is used in a dynamic,
Intecactive way (MicroSIFT, 1982, p. 347 and "takes
advantage of the computer's unigue Capabiljties,. such

as regsponge Judging, graphles display, data collection,
and branching” (Roblver, 1983, p. 35).

11. Innovative use of computer

The program exhiblts "unigue features which
distinguish it from other courseware" that are
improvements In qual ity over previous software. (Hedia
Evaluation Services, n.d. p. 3J.

EPRESENTATION

Instructional messages comprising text, graphics
displays or other outputs (Alessi, 1985, pp. 314,
19,

1. Visuals

Graphic=, animation, and color support and enhance
the inatructional process,. Visuals stimulate atudent
interest; they do not distract attention and learning.
The visuals focus on important areas.

2. Sound

Sound enhances the instructional process: does not
digturk cothers in the classroom: can be turned on and
off. The quality of the sound s as good as possible.

d. Information displays

The screen = well formatted and uncluttered,
Wwithout too much information presented at one time.
There 18 adeguate spacing, text 1s clear and easy to
read, Character setsa are appropriate for the atudents
(HicroSIFT, 1982, p. 32). Text Is well integrated with
graphica. There (g little scrolling Cin which the text
iz put on the screen line by line with the previous
ltnes being pushed up to make way for the new one?’
CAleg=r, 1905, p. Th).
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4. Menus

Options and how to choose them are clear. An
incarrect choice is easy to correct by returning ko the
original menu. (Chances for error are lessened |f
pregssing <return> ia requicred after pressing a key to
make a cholce) (Aleassji, 1985, p. 3813,

. Directions on screen

Instructions are concise and clear. PReading level
12 appropriate for the students and consistent with the
text. "Help” procedures are avallable.

STUDENT USE
1. Suitable level

The content, structure, means of response, and
time regulired are appropriate for the maturity and
apility or handicap of the student. Levels of
instructlion exist for Individual differences
(Microsl FT, 1962, p. 183,

Z. Ease of uge

The student understands how hiée 185 to lnteract with
the program and can operate 1t in an i1ndependent manner
(depending on the objectives of the program).

3. Learner control

The student can alter the rate of presentation,
chooge among content toples, activities, type of
response, level of difficulty, or number of problemsa to
be done. The student can review nstructions. and exit
the program at any time (and retucrn to the place where
he stopped?.

4. Motivation

Uzsing the software 12 4 positive experience far
the student, one that encourages him to learn. The
tone of address 19 approprilate and effective for the
atudent; reinforcement Is positive and dignified
tMicroSIFT, 1982, p. 193, After using the program, the
student wants to use it again. or to learn more about
the subject through a different source of information.
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5. Creativity

The student is actively Involved in learning. The
atudent i3 encouraged to go beyond acquiring facts, to
think deeply about the Iinformation and |ts
implications, and applies the knowlegge 1N a manner new
to him. The proogram can handle a wide range of answers
and interactions (MicroSIFT 1982, p. 191, The program
provices a rich experlence for the student: one that
presents the process of learning as a posltive human
activity.

IEACHEE USE

1. Ease of use

A teacher can easily operate the program wWithout
needing technical expertise,.

2. Adaptabillty

The teacher can eas)ly change the program through
i butlt in option= to accomodate the abllity level, the
i content, or the guidelines for use. Other choices can
I be made by the teacher: pace, number of problems, and
i criteria for mastery. This depends on the content,
with spelling and math ea=ler to contrel than social
studies (particularly a simulation).

3., Monitoring

"A minimum amownt of teacher supervision®" needed
while student runs the program (Clearinghouse of
Alberta Education, n.d., p. 20,

4. Curriculum Integration

The program fits into the course of stucdy that |&
being taught.

|".I
S T b

5.' Recordkeeping and management
b Corcect answvers are tallied correctly.

Fecordkeepling and management are accurate, adeguate,
and sasy to use,
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REVIEW PROCESS
l. Team evaluation

HMore than one evaluator assesses the program.
Igeally, the evaluators will have different areas of
expertige (e.g. content area, Instructional desigmi.

2, Student tryout

Reviewers observe students fram the intencded
audience use the software, take note of their problems,
and nterview them aftervards for thelr opinmions
(Roblyer, 1983, p. 38). (The literature =ingles out
student review as the most important factor In
evaluation.?

EVALUATION SUMMARY
1. Recommendat!ons
The reviewer recommends purchasing or not

purchasing the program (Roblyer 1983, p. 38} or
revising and improving the program.

2. Strenaths

Exemplary gualities in the program in relation to
specific applications (Hofme|ster, 1984, p. T.18),

3., Weaknesses

Improvements neeced n relation to speciflc
applicationz (Hofmelster. 1984, p. 7.18).

OTHEE

1. Support Materials

Accompanying printed materials are available,
attractive, sturdy, meanlngful. sasy to use. and
appropriate for the user. Documentation in the form of
manuals accompanying the program includes complete
descriptions of the courseware's instructlonal purpose,
the target astudents, the ascope of the contents, and all
procedures for proper use., The manuais should be
written in a clear, nontechnical style (Roblyer., 1983,
p. 35)., Other support materials, such as worksheets,
flash cards, etc., should enhance the use of the CAl
program {Hofmeister, 1984, p. 7.18),
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2. Field Testing

There should be evidence that the producers field
tested the program with an appropriate audience.
Freferably, the field testing should be done by an
independent unit {(not associated wlth the developer?
and should be used with large numbers of representative
students for long perliods under normal classroom
conditions (Hofmeister, 1984, p. 7.18). Revisions
should be based on actuwal findings of field testling
(Roblyer, 1983, p. 35).

3. Achlevement of purpose

The student learns "what the material sets out to
teach, rather than merely being engaged in the process®
(MicroSIFT 1982, p. 171,

4, Comparlson to other programs

The program under review |2 assessed and compared
in guality to another program.

-
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pean L. Christensean Robert D. Tennyson
control Data Corporation University of Minnesota

The past 15 years have seen an increasing growth in the use
of computer technology in education and training. However,
improvements in learning as a result of using this technology
have not yet been realized (Clark, 15B85). A major cbstacle in
tha lack of learning improvements is the failure of instructional
designers to successfully integrate learning theories with the
unique attributes of computer technolegy (Petkevich & Tennyson,
1984, 1985). Typically, computer-based instructional design
strategies have been univariate in nppliinq learning theories;
relying mainly on the use of methodologies found in non-
technology assisted learning systems instead of fully employing
the computer's capabilities. The conventional instructional
strategies for computer-assisted instruction (CAI) include drill
and practice, tutorials, games and simulations (Allesei &
Trollip, 1985). In terms of employing computer capabilities, the
use of graphics in games and simulations are well developed but
with minimal direct influence in improving learning. However,
the capabilities of computer hardware and software design make it
possible to develop learning environments that can integrate a
range of instructional strategies currently known to improve
learning as well as making it possible to add new strategies.

Demonstration programs in education using artificial
intelligence/expert systems methods have shown that the
computer's more powerful attributes can be applied to instruction
(Tennyson & Park, in press). These few prototype ICAI systems,
(e.g., SOPHIE, SCHOLAR, WUMPUS, and others), however, continue to
limit themselves to the use of one inatructional strategy or
learning variable within their tutor models. Tha focus of the
developers for the ICAI prototypes has been on how to more fully
employ the power of the computer by applying intelligent software
programming technigues. Howewver, even with extending the use of
such computer attributes, a major ICAI limitation is still the
unidimensional approach to learning and, therefore, the use of
one instructional strategy regardless of the learning need and
individual differences (e.g., the Socratic method used in many
ICAI programs). In summary, the educational applications of
computers have not in large part been fully realized because of
both the apparent narrow use of learning theories and
instructional strategies and the failure to fully exploit the
power of the computer (see also Seidel, 1978).

Hy research objective, as focused in my research program for
the Minnesota Adaptive Instructional System (i.e., the MAIS), is
to empirically investigate generalizable instructional variables
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which are clearly defined within an educational psychology
perspective. My goal, along with my colleagues, is to
significantly contribute to instructional theory and practice
such that instructional system developers will have appropriate
variables by which to design and implement good instruction.

MAIS Research Frogram

The goal of our programmatic research program for the MAIS
has been to investigate instructional variables and conditions
that improve learning through the use of adaptive instructional
strategies. To accomplish this research goal, we have extended
the research focus of tha MAIS in two important ways.

=Firet, by initiating research in the integration of
individual difference warlables within the concept of the student
model. This was done by extending the learner assessment process
to include a cognitive model (e.q., intelligence, aptitude,
achievement) and an affective model (e.g., motivation,
perseverance, personality) along with a student memory model.
The alaborated student model is integrated at the curricular
level with the knowledge base to provide the means for
iteratively updating the adaptive instructional strategies at the
instructional level. An important task in this regard has been
the design of an expert tutor model capable of developing for
each student different perspectives on the the prescribed
instruction.

-Second, by testing instructional variables associated with
the learning conditions of verbal information and cognitive
strategies (Gagna, 1985). In our early investigations (reviewed
in Tennyson, Christensen, & Park, 1984), the MAIS research
program tested nine instructional variables directly related to
the learning of intellectual skills and conditional information
(i.e.,concept and rule learning) (see alsoc Tennyson &
Christensen, in press). Our more recent work, for example, is
looking at the use of adaptive simulation variables to improve
both content acgquistion as well as development of cognitive
strategies (i.e., higher-level thinking skills). Implied in this
raseach aeffort is the continued development of the MAIS expart
tutor model at the instructional level. With the integration of
the curricular expert tutor moedel, we are able to extend the
formal heuristic methods of the inference engine of the MAIS to
the more advanced methods of inference making offered by informal
heuristic methods (Fisher, 19886).

Our current research effort foouses on the study of
instructional variables and conditions on a longitudinal basis,
g0 as to further develop the MAIS to include the additional
management regquirements for the curricular level. Thus, the MAIS
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provides us with the opportunity to study the integration of the
curricular component with the instructional component. Tha
jterative relationship between the two components provides a
means for refining both the curricular as well as the
instructional needs per individual student. The basic
theoretical model of the expanded MAIS is presented in Tennyson
and Park (in press).

MAIS: Adaptive Instruction

Also, we distinguish here between individualized instruction
and self=instructional teaching. The former refers to how
students are assessed and assigned instruction while the latter
is a method of instruction. An integral condition of the
research-based intelligent management system of the MAIS is that
it adapts to individual learner needs based on assessments
cecurring externally and internally to the instruction.
Typically, assessments are made prior to and/or after the
instruction. Our research findings show that student assessment
during learning is a powerful method of adapting instruction to
the student's moment-to-moment learning needs (Park & Tennyson,
1580). Furthermore, the system employs an iterative method of
intelligence such that the management decisions will become
increasingly refined the longer the student is in the learning
environment. This form of iterative updating of the decision
making process is in direct contrast to most current ICAI methods
of reactive decision making.

Ancther important feature of the research-based MAIS, is
that it employs a cognitive psychology approach to the selection
of instructional strategies (Tennyson & Cocchiarella, 1986).
Basically, the MAIS deals with the concepts of learning, memory,
and cognition within the framework of the curricular and
instructional levels of education and training. That is, the
MAIS defines instructional variables and conditions that
predictably improve (a) the acquisition of information, (b) the
storage and retrieval of knowledge, and (c) the creative and
thinking processes. The potential of the computer in terms of
its power and speed for variable manipulations and calculations
makes it peossible to construct an AI instructicnal system capable
of handling the complexity presented by the application of an
instructicnal theory that accounts for learning, memory, and
cognition.

Design of the MAIS

The MAIS is designed around the three concepts of learning,
memory, and cognition within the conditions of curriculum and
instruction. Figure 1 presents a graphic representation of the
current version of the MAIS. Within the curricular or macro
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lavel, we define variables that relate directly to the concepts
of memory and cognition, while at the instructional or micro
laeval, we define variables that relate to the concept of
learning. The variables within the macro component establish the
conditions of curriculum while the micro component adapts the
instruction to meet moment-to-moment individual student learning
needs. Both components interact in an iterative fashion such
that the initial conditions of instruction established by the
expert tutor model in the macro adapts at the micro level
according to learner progress and needs in learning.

Ingert Figure 1 about here

- i -

The basic research goal the MAIS project has been to
approach intelligent management systems from a curricular leval
instead of the conventional, instructional-enly level. Typical
designs for computer-based management systems have rarely
expanded the function of management beyond that of student record
keeping and have operated with branching routines composed of
finite-sets of possible remediations and options.

A primary purpose of the MAIS research program has been to
investigate individual difference variables that would contribute
to the initial conditions of instruction within the
specifications of a given curriculum. A second purpose has been
to investigate variables and conditions by which adaptive
instructional systems can iteratively update the conditions of
instruction as the individual student progresses through the
curriculum. The term "dynamic" is used to describe this
ralationship between the macro- and micro-level expert tutor
models such that as a learner progresses through inastruction,
appropriate information can be continuously sent back to the
macro-level to constantly refine the decision making for the
succeeding conditions of instruction: In other words, the MAIS
employs variables that learn how to improve instructional
decision making.

Macro-Leval

Figure 1 shows the two main variables of the macro-leval
component. The variables--cognitive model,;, affective model, and
memory model--represent areas of individual differences within
the context of a student model. Research findings have shown
that each of these variables have differing effects on learning
and, therefore, need constant adjustment based on the curricular
knowledge base. The expert tutor is the decision making
component of the system. The function of the expert tutor model
ie to establish the conditions of instruction within the context
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FIGURE 1. Diagram of the MAIS Environment.
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of the curriculum. The macro-level expert tutor model compiles
the initial parameters of instruction, with the micro-level
expert tutor model making necessary adjustments at the moment of
learning.

Micro-Level

The instructional level of tha MAIS deals directly with
student learning at the verbal information, intellectual skills,
conditional information, and cognitive strategies objectives of
learning. From the nine instructional variables shown in Figure
1, an instructicnal strateqgy is compiled from the macro-level
axpart tutor model. The instructional conditions appropriate for
cognitive strategies learning are discussed in an article by
Tennyson, Thurlow, and Breuer (in press). Verbal information
learning is discussed in Goldberg and Tennyson (1987), therefore,
we will also not elaborate here on the unigue conditions required
for the learning of declarative knowledge. Given the scope of
this article, we will discuss our research efforts by focusing
only at the intellectual skills/conditional information level of
learning objectives. That is, the primary instruction for
knowledge acquisition. Cognitive strategies focuses on
development and improvement of thinking skills.

Briefly, the nine instructional variables that form the
possible meta-instructional strategies for the improvement of
knowledge acquisition are as follows (see Figure 1):

=Worked Examples. The learning of complex concepts and
rules can be improved if the student understands the under-
lining principle(s) of the information to be learned.
Learning declarative knowledge is the purpose of expository
instruction where best examples are presented to show
attributes or proceduras and the context of the application
of the concept's or rule's underlining principles. The
computer enhances this form of expository instruction by
requiring the student to use input devices to pace the
elaboration materials rather than just presenting directly
the solution.

-Amount of Information. To improve the efficiancy of
instruction, the MAIS employs a conditional probability
statistic to determine when a student reachs mastery. This
variable continously monitors student progress in learning
s0 as to provide sufficient information for attainment of
concept mastery. In cognitive psychelogy terms, this
variable focuses on procedural knowledge development.

=Sequanca of Information. In the learning of coordinate
concepts and rules, many errors of misconception can by
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prevented by the way the information is sequenced. The
sequence heuristic of the MAIS is based on the
psychological principles of under- and overgeneralization,
not a random or branching format favored by conventional
TCAT and CATI programs. The sequence heuristic also
improves development of a schematic structure in memory so
that conceptual knowledge is developed.

-Format of Information. An important principle of good
teaching is to engage students as soon as possible in the
process of decision making or problem solving. For each
student, however, this point in time differs because of
the level of knowledge understanding required to soclve
problems. The purpose of this variable is to monitor the
learning need for additional expository information te
ensure adeguate declarative knowledge formation. Thus, if
a student shows during problem solving situations the need
for additional declarative understanding, additional
expository instruction can be presented.

=Learning Time. An important characteristic of an expert
tutor is the abllity to moniter student learning in
reference to efficient use of time. That is, the tutor
knows when to interact with the student =o as to provide
agssistance. For example, when first trying to solve a
problem, the student indicates by not responding that they
need help, the tutor offers assistance instead of trying to
force the student to make a solution and therefore a
possible error. The purpose of this variable to be a more
active rather than passive computer-based tutor as is
typical in conventional ICAI and CAI. This variable is
primarily concerned with the formation of conceptual
knowledga as contrasted with procadural knowledge
development.

-Corrective Error Analysis. Helping the student to understand
a mistake is the purpose of this variable. Too often
instructional help is not directly related to the learner's
specific problem, thus the student is given excessive
information which might eaven mask or hide the learning
problem. This is especially the case in learning more
complex concepts and rules. In most situations the form of
analysis is content specific, however, the important
concern is to design a system that can identify poasible
spacific errors rather than the typical CAI method of
feedback and branching.

-Mixed Initiative. A major short-coming of technolegy-hased
instructional systems is their ability to allow for student
questiona. With this variable, it is possible for the
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student to guery the MAIS. For example, if the student does
not understand a given procedure or needs an elaboration

of some given attribute, they can ask the system. The MAIS
then forms a dialogue with the student to understand the
student's question. This is another way to help in the
formation of conceptual knowledge.

=Advisement. An underlining principle of the MAIS is that
the student is making progress in learning towards mastery.
Because the student is also involved in various forme of
decision making and is putting forth effort in learning,

the student needs to be continously informed of the progress.
To accomplish the goal of informing the student of their
progress and to even inform them of need, the MAIS advises
the student of both their current progress and the necessary
instruction to reach mastary. Because this is an adaptive
gsystem, changing from moment-to-moment, advisement is
provided concurrently with the instructional activities.

-Embedded refreshment and remediation. Learning within a
domain of information usually implies making connections
betwaen concepts and rules. Most often the learning of
connections, and therefore the schematic structure of the
domain, is made by the student in memory. However, when
the learning of new information reguires the connection to
preraquiste knowledge and the student cannot retriewve that
knowledge, they need help. The purpose of this variable is
to sense this need and provide the appropriate help. If the
need is only for help in making the connection (i.e., the
student knows the prerequisite knowledge), information on
the prerequisite knowledge is presented in an expository
form at that point. The term embedded refreshment ls used
to describe this process of helping the student recall the
specific prerequisite knowledge at the moment they need to
make the connection. If, however, the student needs more
than just recall, but needs relearning, remediation is
provided.

The expert tutor model at the micro-lavel adapts continously
the meta-instructional strategy compiled by the macro-level
expert tutor. Student learning outcomes are iteratively
returned to the macro-level to further enhance the succeeding
instruction.

Summary

our concern in the MAIS research program is not to just
develop a prototype system (as in the conventional ICAI research
methods of tool making), but to empirically investigate the
raelationships batween the variables of the learner model and how
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that relationship, along with the integration with the curricular
knowledge base, enhances the instructional strategy decision
making at the micro-level. In other words, in contrast to
conventional ICAI research which seeks to test software
intelligence tachniques, we seek to investigate variables that
can intelligently improve learning.

We are continuing to investigate a research-based
intelligent learning system that can on one hand provide an
avaluation of each student (i.e., a highly information rich
gtudent model) and, on the other, can ba directly associated with
the instructional prescription procesas. We are doing this within
tha framework of AI methods that will assist in the improvement
of the system's inferential ability by adding the concept of
gystem "discovery." That is, the proposed system will not only
assess students prior to and continucusly during learning, but
will also improve its inferential ability by itself learning.

In summary, the MAIS research and development program
focuses on the study of intelligent learning systems from an
aducational research paradigm, with variables and hypotheseas
directly related to the improvement of learning through the use
of adaptive instructional methods. To accomplish this goal, we
integrate where appropriate, variables and conditions from a wide
ranga of disciplines and fields of study, including cognitive
paychology, developmantal psychology, computer science,
management information sciences, as well as numerous fields in
educational psychology (e.g., evaluation and measurement,
reading, and instructional technolegy and design).

currently, we know a lot about human learning and, in
spacific situations, we can actually show how a given variable or
condition of instruction can significantly improve certain types
of learning. However, the large number of instructional
variables and strategies cited in the literature show that
learning is a complex phenomenon, requiring more than the
generalizable application of one or two strategies. Our research
demonstrates that with computer technolegy, it is now possible to
make use of the wide range of instructional variables to develop
mata-instructional strategies to improve learning within specific
needs. Through the use of AI methods, sophisticated management
systems can be developed to make use of the known means to
improve learning in cost-effective systems. Our basic research
program will extend the work currently being done on the MAIS
such that a total, technology-assisted learning system can be
designed and tested. It will provide the knowledge base by which
current educational and training systems can be adapted and
future systems can be designed.
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Abatract

This study was designed to investigate variables and conditions
that directly influenced the learning of computer-presented
expository text. On-screen underlining was used as a learning
aid to increase a learner s "mindfully” processing information.
Three learning conditions were designed: self-generated
underlining, program-provided underlining, and opticnal control
of the underlining. In additien, thie study also examined the
affects of intervening variables such as learning style, amount
of invested mental effort (AIME), perceived task difficulty
(PTD), time-on-task (TIME), compared AIME with others after
learning (compared AIME), self-judged reading ability, and amount
of experience with computers. AIME referred to the “"number of
nonautomatic mental elaborations applied to a unit of material”
(5aloman, 1984). Twenty seven subjects participated in this
ptudy. Stepwise multiple regression analysis indicated that
compared AIME, learning style, and time-on-task are the bast
predictors of reading performance. There were no significant
differences of the reading performance among self-generated
underlining group, program-provided underlining group, and the
optional-control group.
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Effects of Using On-Screen Learning Aids
and Feading Performance

In the 19&0s, some writers claimed that print was a dying
madium (Balajthy, 1986). Print would be totally replaced by
electronic text (Rosch, 1980). However, research has indicated
that subjects reading material from a computer net only spent
more time than subjects reading the same material from print
{(Muter, Latremcuille, & Treuniet, 1982), but also performed worse
(Happner, Anderson, Farstrup, & Welderman, 1985). Therefore,
most of the educators believed that the computer will never
replace print as a delivery medium to present information.
Mevertheless, text presentation still plays an important role in
all types of computer-based instructional (CBI}) lessons. Evean
complexity, sophistication, and the amount of presanted
information in each lesson may vary. It is important then, to
find out what factors cause the differences mentioned above, and
how reading performance on computers can be improved. A number
of factors that influenced reading performance on computers have
been identified. These include the resclution of the computer
gecreen dieplay, the type or the spacing of the font (Merrill,
1982), etc. In addition to these surface features, one possible
explanation ¢of the differences in reading performance is that
while learning from a computer, the computer does not provide
learners with the options to apply typographical or
organizational learning aids to facilitate their information
acquisition. Therefore, information processing is shallower
(Craik & Lockheart, 1972), and memory trace is weaker than
reading from print. Thus, in this study, it was my intention to
investigate whether reading performance can be improved by making
on-screen application of Belected learning aids easily accessible
to the learners.

There are many technigques which have been suggested for
aiding text comprehension, such as underlining key concepts
(Richards & August, 1975}, adding an advance organizer (Ausubel,
1968), taking notes (Pepper & Mayer, 1986), or summarizing (Brown
& Day, 1983). In the present study, underlining was selected as
& learning aid for its ease of application in computer-based text
and time efficiency. In additioen, research indicated that while
underlining, students seemed to concentrate more on the tasks and
recognized /recalled more about these intentionally learned tasks
later (Coles & Foster, 1975; Dosher & Russo, 1976; Glynn &
DiVesta, 1979; Richardses & August, 1975).

Researchers have used various cognitive approaches to
explain this phenomenon. Cashen & Leicht(1970) stated that
"making materials conspicucus by underlining serves the function
as presenting the material as an advance organizer.™ Rigney
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{1978, 1980) suggested that a learning aid such as underlining
can make learning become more "conscious.” Hyde & Jenkins (1969)
indicated that intentional learning has better effects on word
recognition than incidental learning does. Other researchers
{(Mayer, 1975, 1984; Rothkoph, 1970; Wittrock, 1974) have
explained this phenomencn using the "generative effect", which
means that by underlining, a learner is able to relate actively
the material to prior knowledge.

This study was also designed to investigate the effects of
the following intervening variables: AIME, perceived task
difficulty, and learning style.

Amount of Invested Mental Effort (AIME)

It is generally perceived that a major advantage of CBI
programs is their great potential to adapt systematically to
learners’ individual needs and abilities. In these programs,
learners may control the pace, sequence, and depth of study (Gay,
1986). However, these programs have not yet led to optimal
performance (Snow, 1983; Crono & Mandinach, 1983). Saloman
{1985} proclaimed that a computer™s source of succesas does not
lie only in its attributes, but also in how "mindfully” [(amount
of affort invested) learners come to handle them. The term
amount of invested mental effort [(AIME), defined as the numbar of
nonautomatic elaborations applied to a unit of material, was used
to indicata the dagres of "mindfulness” (Saloman, 1984). In the
present study, it was hypothesized that students who generate
underlining themselves after reading would invest greater amounts
of mental effort, and cutperform subjects receiving underlining
passively from the program. In addition, the AIME was also
influenced by the perceived task difficulty (PTID). Wwhen facing a
complex, ambiguous, incongruent, or novel stimulus, learners
usually spent more time on the task, and reported that mora
effort was investad [(Anderson, Reynolds, Schallert, & Coetz,
1977: Bobrrow & Collins, 1975; Lepper, 1983; Pittman, Baggiano, &
Ruble, 1983).

Learning Style

Learning style referred to how learners perceive, interact
with, and respond to the learning environment (Keefe, 1979).
Koelb (1981) proposed an experiential learning model which has
integrated the abstract and concrete as well as the active and
passive characteristics to explain adult learning processas. Hea
conceived learning as a four stage cycle. In order to obtain new
experiences, the learner needs to first, actively involve in new
experience--concrete experience (CE); secondly, reflect on the
experience from variocus perspectives--reflective ocbservation
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(RO): thirdly, formulate abstract concepts inte logically sounded
theories--active conceptualization (AC); and finally, be able to
apply these new concepts and form generalizations--active
a¥periment (AE). Although this meodel is cyclical and progressive
in nature, Kolb and othears have found that highly individualized
styles of information utilization are developed on each of these
bipolar dimensions.

According to aptitude-treatment interaction (ATI) effect,
individuals with different aptitudes learn differently under
different situations (Creonbach & Snow, 1977). Thus, it was
hypothesized that subjects with an active type of learning style
would learn better under self-generated learning aid condition,
while subjects with a passive type of learning style would learn
better under program-provided situation.

In summary, this study was designed to investigate the
following hypotheses:

(1) Self-generated underlining leade to better reading
achievement than program-provided underlining.

{2} Active type of learners benefit mere in the
self-generated underlining condition while passive type
of learners benefit more in the program-provided
underlining condition.

{3) AIME, PTD, and learning style are valid determinants in
predicting the reading performance.

({4) Subjects in the program-provided group should perform
better on the test items that are ralevant to the
underlines provided in the treatment.

Methods
Subjects

Posters asking for participants were posted at the
University of Minnescta. Twenty seven students (thirteen
undergraduate and fourteen graduate) participated in this study.
Each subject was paid £5 for their participation.

Dasign

A completely randomized blocking design was used in this
study. The blocking variable was learners’ learning styles. The
independent variable consisted of the following three lavels:
self-ganerated underlining, program-provided underlining, and
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optional control of underlining. In the self-generated
underlining group, underlining of the prose passages was
generated by the learners. In order to proceed to the next
gecreen, learners had to underline at least one word. There was
no limit to the amount of allowed underlining. In the program-
praqidad underlining group, underlining of the prose passages was
provided by the experimenter. Finally, in the optional-
controlled group, learners were ashed to underline the key words
by themselves first. However, if they could not figure out the
key words or wanted to compare their own underline with the
axperimenter ' s, they were allowed to press a "HELF" key to have
the word underlined for them. The treatments were parallel in
all respects except in manipulation of the independent variable--
control of underlining.

The dependant variables were the correct scores on the
posttest and time-on-task.

Learning materials.

Each of the three treatment groups received the following
materials on the computer: (&) An introductory lesson explaining
the objectives of the program and the length of each passage;

(b) pages of directions on how to use the function keyas to
proceed through the lessons. In addition, demonstration on how
to use the underlining key was given to the subjects in the self-
generated and program-provided groups. Subjects in the optional-
control group were also given the instructions on how to use the
"HELP" key:; (c) a practice unit, different in each group,
familiarizing the subjects with the special keys and acreen
display; and (d) two text passages presenting the information to
be learned.

A paragraph of text on "Amish" people (Brozo, Schmelzer, &
Andrews, 1984) was used as the practice text for all the groups.
Two expository test passages were given to the subjects. The
first passage, "Ancient Greek Poets", was adopted from the
Helson-Denny Reading Test Form A (1960). It describes how thea
poetic form has changed during the six hundred years since
Homer s death. This passage had 684 words in 31 sentences and
nine paragraphs, and was presented in six computers screens. In
the posttest, eight gquestions were adopted from the original
test. The two remaining items were written by a panel cof three
graduate students. The second passage "Tsunami", i.e. tidal
waves, was adapted from the book "Setting the Pace" (Brozo,
Schmelzer, & Andrews, 1984), and describes the formation of sea
waves. This passage had 758 words in 33 sentences and 15
paragraphs, and was presented in eight computer screens. The
original 10 test items were partially revised by the experimenter
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and a panel of three graduate students.

The design of the screen display followed the principles
suggested by Allesi & Trollip (1985). The text was in a form of
EQ0-columned, double-spaced, and upper and lower cases screen
display. Each screen had 11 text lines in maximum. When a
gcreen could not contain a complete paragraph, then this
paragraph was moved to the next screen. Underlining used in the
program-provided group representing the macrostructure of the
text, was developed following Kinstch & Van Dijik' s model (1978).
Each screen had only one central idea underlined. This
information was tested on the posttests later on. To eliminate
the possible confounding effects, the treatments were designed so
they did not allow the subjects to review the previcus screens,
take notes or erase the unwanted underlines.

Maeasuras

The following measures were used in this study:

Learning style. Subjects were tested for their learning
styles using Kolb's Learning Style Inventory (1985). This
guestionnaire includes twelve items and measures learners by
using twe bipolar variables: abstract conceptualization
{AC) ‘concrete experience (CE) and active experimentation
{AE) /reflective observation (RO). The internal reliability
measured by Cronbach's ol . For AE, o= .82; for RO, el = ,73.
Ipsative scaling was used in this inventory. Generally, a
subjact’s laarning style is identified by the combination of
scores on both AC-CE va. AE-R0O. However, in this study, only the
gocores on AE/RDO weare used because it was assumed that the effects
of on-screen underlining directly related to learners’ preference
for learning through active generating or passive cbserving the
learning aid.

Fosttests. Five factual and five comprehensive multiple
choice test items were designed for each passage to test reading
ratention. For each text passage, the postiest was divided inte
two subsets: (a) a relevant subset containing five factual items
ralated to the content of the program-provided underlining. (b)
The other subset dealing with comprehensive items not covered by
underlining. The factual items were designed to test if
intentional learning would produce better performance.

Self-report gquestionnaire. This questionnaire was designed
to measure each learner’s perception on the difficulty and
interest levels of the passages, the AIME, the degree of
concentration, and the AIME compared with other learners, etc.
Subjects were asked to respond to statements such as "This ie a
difficult passage,” "I tried hard to understand this passage," "
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I concentrated wvhile reading the passage,” "I think that other
readers must have tried harder than I did to understand this
passage.” Each item was scored on a 5-point Likert scale.

Procedure

The study was conducted in a computer labk administered by
the College of Education. Two weeks before the study, subjects
were tested to determine their learning styles, then randomly
agssigned to three treatment groups. ©On the first week, the
gubjects came to the computer lab at their own selected time.
Bafore reading the on-screen prose passages, subjects filled ocut
a demographic gquestionnaire, which asked them to indicate their
perceived reading level (good, fair or poor), time spent on
reading per week, and amount of experiences on computera. They
wera then asked to read the learning materials, presented by IBM
¥Te with color monitors. Subjects were allowed sufficient time
to complete the reading. Then they were asked to stop and answer
four gquestions on a separate printed page. These guestions asKed
the subjects to evaluate the difficulty and interest levels of
the passage and their AIME and concentration while reading the
passage. Then a 10-item quiz was given on the computer. After
the gquiz, tha subjects ware asked to stop again to judge whether
the passage was more difficult than they thought before the quiz,
in order to decide if achievement on the gquiz had influenced the
judgement of the task difficulty. ©Subjects also were asked if
they would like to learn under the same learning aid condition or
not. Afterwards, the subjects read the more technical passage
"Tsunami." The same procedures were administered again., After
the second guiz, subjects compared their own AIME with other
people’ s and compared the difficulty levels of these two
passages.

Results and Discusalon

The means and standard deviations of correct responses to
the two types of posttest items and the combined scores are
presented in Tabla 1.

Insert Table 1 Here

Although the mean scores on the salf-generated group were
slightly higher than the other two groups, oneway analysis of
variance on the types of test items revealed & nonsignificant
effect for: factual items, F(2,27)=1.05, p = .16, comprehensive
test items, F(2,27)=.61, p <« .25, and the combined scores,
F(2,27)= 1.36, p < .17. Thesa results do not support the
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hypothesis that self-generated underlining group would perform
better than the other two groups.

The 2 (learning style) ¥ 3 (treatment) multivariate analysis

of variance revealed nonsignificant effecte for learning style,
F(1,27)=4.27, and treatment F(2,27)=4.19, and learning style and

treatment interaction F(2,27)=3.08. These results suggest that
ATI effect does not exist between learning style and treatment.

In the optional control group, asking for more help resulted
in a worse performance (r=-.4l, P <« .0l). This result may be
explained by the "interference” effect [{Windfield & Brynes,

1981).

Intercorrelations, means, and standard deviations of the
intervening variables are displayed in Table 2.

Insert Table 2 Here

Learning style was not significantly correlated with any of the
other variables except the amount of experiences working with
computers. The significant negative correlation (r=-.48, p <
.01l) between learning style and experiences with computer
indicated that most of tha computer users possessed passive
ocbserving (or reflective cobservation) type of learning style,
vhich is inconsistent with the theory of career development
reported by Kolb that computer experts usually scored higher in
the active experimentation dimension (1985). The perceived task
difficulty is weakly but significantly correlated with the AIME
[r=.27: p <« .01}, and time-cn-task (r=.46, p < .01). These
results are consistent with the literature which suggested that
if the learnars perceived the tasks as difficult, they would
spend more time on the task and reported that a greater amount of
efforts are invested. Finally, the significant correlation
between perceived task difficulty and compared AIME (r=.55, p <
+01l) suggests that when learners perceived a task as difficult,
they will have a tendency to think that they have tried harder
than other learners in understanding the text.

To investigate further the pattern of correlations among the
variables, a multiple regression analyszis was computed with
reading performance as the criterion variable. The results are
prasented on Table 3.

Insert Table 3 here
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The variables were entered into the regression eguation in the
fixed order of compared AIME, learning style, time-on-task,
reading ability, computer user and the AIME. The results of this
analysis, which are presented in Table 3, indicate that compared
AIME, learning style, and time-on-task are the best predictors of
reading performance.

Summary and Conclusion

In summary, there were three major findings from this study:
{1) ATI effact between learning style and treatment doss not
exist. {2} The hypothesis that intentional learning on the
factual items, which were underlined in the program-provided
underlining group, would lead to better performance was not
supported. (3) Compared AIME is a better predictor for the
reading achievement than the AIME. {4) Perceived task difficulty
has positive relationship with time and the AIME. That is, when
the learners perceived the task as difficult, they spent more
time on the task and reperted more effort have been invested.
(5) In the optional control group, "help" on the underlining does
not facilitate the reading performance.

Tha insignificant results of the study may have caused by
the following factors: (1) the sample size was too small to make
reliable conclusions. There wera only nine subjects in each
treatment. In the learning style vs. treatment interaction
analysis, subjects in each cell ranged from three to five. (2)
The reliability of the teat items were not high: Nelson-Denny
Reading Teat was originally administered as a timed test. In
this study, students were given sufficient time to accomplish the
text reading. Therefore, the reliability of the test items has
decreased from .77 to .45%. (3) NHeo delayed retention test was
given to the subjects. Thus, the possibility that self-generated
learning would lead to better retention was not tested.

Thera are two suggestions for further study: (1) Provide
other learning aids such as summary and adjunct gquestions,
because underlining facilitates only shallow information
processing, which will net foster reading comprehension and
retention as summary and adjunct guestiens will. (2) Make the
bast use of the computer: collect the data on learners”
underlining prototypes and compare those with the reading
experts. This can help us to understand the gquality differences
of information encoding procese between experts and good vs. poor
readers.
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st am and T ment
Treatment
Self-Generated Frogram=FProvided Optional
Types of Test Items M gD M sD M SD
Factual items 8.22 1.39 7.56 1.33 7.67 1.41
Comprehensive items 7.44 0.88 7.22 1.64 6.56 0.88

Combined score 15.67 1.94 14.78 2.39 14.22 2.05
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‘Table 2
tion Matrix the Interveni ables
Yariables 1 2 3 4 5 6 7
1. Learning style =.30 .06 - 37 =.03 -, 24 -, GE=
2. AIME B4 11 P B2 ¥ 33
3. FID . 46% e =27 .13
4. Time-on-task .08 3 e | -.07
S. Compared AIME -.02 .08
6. Reading ability o 5 |
7. Experience with computers
o MEAN 4.00 7.00 5.89 1205.52 2.33 1.37 1.30
L
, s sD 12.60 1.73 1.63 860.76 1.24 0.69 0.54
ity
Pk -
k-48 Hote: N=27. * p < .0l.
e I
| ; I-
X
't-"'_
" r.-'i!ll
-..}-
-:r" :
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Table 3
Summary of Multiple Regression Analysis With Reading Performance
as the Criterion Variable
Variables F Standardized Increaasa

B Value in R-

1. Compared AIME 6,35 .45 L EO*
2. Learning style 5.32 LB5 LE2*
-3- T.'l.'l'l.ﬂ-ﬁﬂ-tlﬂk 41-“2 -TE +10*
4. Reading ability J.46 T2 .00
5. Experience with computers 2.67 P Ta - Q0
6. AIME 2.19 T + 00

Hote. N=27. & p <.0].
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Research on Learmning from Interactive Videodiscs:
A Review of the Literature and Suggestions

for Future Research Activities

Introduction

Microcomputer-controlled interactive videodiscs provide a
powerful and flexible instructional medium. Development of effective
applications of this medium must be guided by a rigorous research into
the nature of the medium and the forms of presentation most appropriate
for particular subject matter, learners, and educational settings.

Two major themes emerge from a review and analysis of research
on learning from interactive video: (1) intaractive video as an
instructional delivery system; and (2) résearch on principles of leaming
using interactive video as the instructional medium of delivery. This
paper will discuss each of these themes, then present suggeastions for
future areas of research. The bibliography contains a listing of all articles
that were reviewed. Several of these articles will be cited as spacific
examples of the major themes.

Research on interactive video as an instructional delivery
system

1. Is interactive video as eflective or more effective than
other instructional delivery systems?

Most research involving interactive video has addressed this
queslion. Representative studies include the U. 5. Army Signal Center
studies (Ketner, 1982), which found no advantage to using videodisc
simulations over actual equipment to train satellite ground station
technicians, and the WICAT introductory college Biclogy study
(Bunderson, Qlsen, & Baillio, 1981), which found significant knowledge
gains and time savings compared to traditional lecture methods.

2. Is the use of interactive video as an instructional
delivery system more time and/or cost effective than other
media?

Research on this topic by the military and the WICAT study
{Bunderson etl. al., 1981) previously menticned generally repart that
interactive videodisc-based instruction achieved the same or batter
rasults in less time than other methods, and thus was cost-effective.

Moy
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3. Are the attitudes of the instructor and/or learner
affected by the use of interactive video as the instructional
dalivery system?

Attitude surveys, usually conducted in conjunction with other types
of effectivenass measurements, generally report significantly more
positive attitudes toward learning from interactive video than from other
methods by both sludents and instructors. Attilude gains are particularly
striking with younger learners.

Research on principles of learning applied to interactive
video

Few studies investigating principles of learning using interactive
video as the instructional medium have been reported. Researchers
investigated the nature of feedback, types of interaclion, group versus
individual viewing, and learner control versus program control, often as
part of larger studies comparing interactive video 1o other media of
instruction. The Open University study of control of learning (Laurillard,
1984), which found that students watched video presentations for shorter
periods and interrupted more frequently when offered a menu of options
at the end of each instructional segment, is typical.

Limitations of current studies

Most of the research literature on interactive video addresses the
question of interactive video as an effective instructional delivery system.
Rasults of this research have limited generalizability, and the results are
difficult to replicate. A major limitation preventing replication and the
development of more general understanding of interactive video is the
large number of variables, such as different subject matter, instructional
strategy, prior knowledge and experience of the learner, which are
difficult to control for.

An additional limitation is that many of the studies used videotlape
as the interactive medium. Many educators feel that access time of
videotape is too slow to make interactivity efiective, although we were not
able to identify any studies which specifically addressed this question.

A proposed agenda for further research

1. Codifying the attributes of interactive video

In interactive video, the whole is not only more than the sum of its
parts but is in fact a complately new and unigue delivery system. The

"grammar” of interactive video, that is, the ways in which interactive video
materials can be organized and manipulated, should be more completely

154
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spacified. The work of Gavriel Salomon (1983) on codifying the grammar
of instructional television would serve as an appropriate model for this
undertaking.
Further research is needed on questions such as:
* What learning tasks best lend themselves to this type of

delivery?
Should the unit be learner controlled, instructor controlled, or

program controlled?

It a unit is learner controlled, how much freadom should be

given to the leamer?

= What types of questioning techniquas are appropriate?

= What types of information retrieval systems should be used?

« How does use of a specific characteristic of text, graphics,
audio, or video (for example: pacing of video, animation
versus live action, graphics overlay, audio over still frame)
influence the effectiveness of other characteristics with
which it is used? How does it's use influence the
effectiveness of the overall interactive video presentation?

« What is the appropriate balance between computer and video
components?

2. Examining research on other media

In codifying the attributes of interactive video, researchers should
recognize that interactive video, although new and unique, shares many
featuras with instructional film and instructional television on the one
hand, and with computer-based instruction on the other. A detailed
examination of the research literature on learning from other visual
media, particularly film and (non-interactive) instructional television,
should be carried out, in order to identify those features of video
présentations (e.g. zooming, inserts, splitscreen, closeaups) which are
most directly related to increased learning when used in non-interactiva
video or fiilm. Studies of the use of these same features in the context of
interactive videodisc should then be carried out, in order to validate their
effectiveness in an interactive environment, A similar examination of the
research [iterature on computer-based instruction should be conducted.

3. Investigating the instructional environment

More attention should be paid to the instructional environment in
which interactive videodisc-based learning takes place. Very different
results may be obtained from the same videodisc malerials in different
sellings. Aspects of the instructional environment which should be
investigated include:

 What instructor styles are most appropriate for particular subject
matter or parlicular learners?
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What is the optimal viewing audience size - individual, small
group, large group? Does it vary with content and
instructional strategy?

What is the optimal design of an interactive video laboratory.?

What is the effect on learning of the presence or the absence of
auxiliary materials 7 How are auxiliary matenals used in
the environment?

What differences in learning occur betwaan a group in which
pear interaction is encouraged and a group in which peer
interaction is discouraged?

General considerations in planning future research efforts

We now present two general suggestions for making future
research activities more useful and more efficient.

1. Focusing on generalizable resulls

Those attributes of effective interactive videodisc presentations
which are generalizeable, nol subject-specific or presentation-specific,
need to ba identified. This can be achieved through replication of
selected studies using videodisc materials dealing with different subject
matter, or by using the same materials in different settings.

2. Extending the role of formative evaluation

Formative research should go hand in hand with production of
videodisc materials. Such research should be conducted and reported
quickly enough so that the results can guide further production.
Producers should include additional post-production (for re-shooting
materials or additional editing) funds in budgels, or increase production
budgets so that several approaches to the same materal can be
produced. All alternative varsions could then be mastered on an
inexpansive check disc and evaluated. The relatively slight increase in
production costs could result in a much more effective final product.

Summary and Conclusions

Interactive video holds great promise as an instructional tool.
oystematic research is required, however, il interactive video is to
achieve its full potential and contribute fo improved teaching and
learning. It is hoped that this paper will contribute to an understanding of
current research on videodisc-based learning and provide a context for
determining a futlure research agenda.
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Abstract
This presentation describes the
author’s expericaces in eaching a
narrow-cast instructional developmenit
course. Among the disadvantages of
the experience were the logisiics of

coordinating the instructional activities
between two campuses, additional
preparation Firme requirments,

diminishedstudeni-teacherinteractions,
and negarive  learncr  anitudes.
Advantages included smoother, more
effective class sessions, more effective
text and graphic visuals, decreased cost
and increased course offerings, a more
diverse group of learners, and the
opportunity to demonsirate the use of

alternative  instructional  delivery
strategies  to novice  instructional
developers.

Introduction

During my second semester at
Indiana University, | was approached
by my department chair and asked if 1
would like to narmow-cast the sessions
of my introductory Instructional
Development course to the "core
campus” of IU.  Here, the "core
campus™ can mean many things,
depe:ndm on how and when the

Oﬁillnd Generally, the core
CAMpUSES diana Um?crslty include
Purdue University
Indianapolis  (IUPUI} and  the
Bloomin CAMPUS.
At Bloomington, the Instructional
Systems Technology department has
made a commitment to teaching various
programs on the IUPUT campus, but
due 1o factors including commute time
and distance and the lack of qualified
instructors in Indianapolis, we often
have difficulty in meeting those
commitmenis. In short, the

Indiana Universi

Bloomington faculty can not be in two

places at one time.

Enter the [Indiana Higher
Education Television System or
IHETS. [IHETS is a nammow-cast
instructional television systemn  that
allows us to be in several places at once
through the magic of television. On the
Bloomington f.'-hmpus_. msm.u:uunal
televizion uad
accomplished 1:hrnu=h the i and
Television department, and cable-cast to
the receiving classrooms at other

ses,

My first reaction to such a

proposition was admitedly a bit

egocentric. [ felt as if 1 had suddenly

been made a "star.” So, despite some

wammfs from a colleague who had

evising such courses in the past,

I agreed and plunged headlong into
awaiting fame.

Some Disadvan

First, the bad news. Needless o
say, naivié shone through almost
inm&:t:l?irltcly. My first task was 1o tour
the studio where the taping was to
occur. To this day, I must say that [ am
still somewhat awed by television
technology. The studio used for this
:ﬁgcufﬂ"lfmuruisshamd by WTIU,

local public television station.
Although not grand praise, these
facilities are among the finest of their
kind in the State,

The lights, cameras, and action
abounding before me convinced me that
| was i going to be a "star.” My
director, John Winninger, struggled
hard to convince me that it really was
not that big a deal, but never the less, I
was awestruck. Together, we decided
that we would narrow-cast live so that
the audience at TUPUI could ask any
questions as they arose. We also
decided to include the entire
Bloomington class as the studio
audience and placed them on a lighted
stage.




The first major disadvantge that
we encountered seems, in hindsight, to
be somewhat obvious. From the first
night the studio lights and the TV
a seemed to stiffle the questions

most the students in the "live"
audience. They seemed to feel as if
their questions would make the
producton suffer.  Despite many
15, it was exceedingly difficult 1o
sustain class discussions or encourage
questionning. To rectify this situation,
we moved the avdience off-stage, and
placed microphones overhead to pick-
up their questions. This change not
only improved the amounts of
discussion, but also improved my
ability w engage in meaningful eye
conptact with the stiudio group.
However, the frequency of questions
still was far less than a "conventional”
classroom environment and I noted an
overall dimished sense of rapport with
the studio group as the result.

On the subject of questions:
because of budget constraints, the direct
telecommunications  link  with  the
IUPUI audience was removed.
Instead, they had to pick-up a device
similiar to a standard 1elephone which
would actually place what amounted 1o
a long-distance phone call for each
question. Unfortuanetly, this calling
mechanism required eight seconds 1o
sccomplish. MNow, eight seconds ma
not seem like a great deal of time, but it
always seemed to be a “just missed”
situation. I'd call for questions and
wait one or two seconds too few, or
they would call and catch me as [ began
a new topic, one or two seconds too

Of course there were minor
inconveniences encountered all the
time. For example, the need to dress
and adopt a general demeanor that was
more formal than my usual style was a
bit of a nuisance al first, as was
wearing the microphone and carpiece.

But the major problems
surrounding this expenence related to
handling the logistics with the ILUPUI
group.  Despite assurances 10 the

contrary, there was never a reliable

contact person in Indianapolis that
would handle such seemingly trivial
matters as procloring and collecting
exams, distributing class materials,
collecting assignments, etc. For
example, when it came time for the final
exam, there was simply no one willing
to pass-out or proctor the exam and the
students sat for two hours waiting for
someone to  show-up with an
explanation for why their study time
had been so ill-spent.

One additional problem that
caused difficulty throughout the
semester was a calendar conflict. The
official TUPUI semester began and
ended 10 days before that of the
Bloomington campus and the spring
recess for the two campuses fell during
different weeks. The result was a
condensing of the number of sessions
and an occasional tape-delay for one or
more of the audiences.

Some Advantages of ITV

Mow for the good news. In
many ways, this [TV expenience proved
beneficia personally and
professionally.  Although [I've been
teaching for many years, ['ve never
been forced 1o prepare as carefully and
thoughtfully as when the course was
televised. Although my first reaction to
the amount of planning required was
that it would constrain my creativity and
stiffle the spontaneity, not to mention
detract from my other commitments, I
found that the opposite was often the
case. The more | carefully planned the

resentations, the more comforiable |
ame in digressing and enlivening the
material. By knowing what was to
come next, [ was able to relax and not
worry about filling time or "flying by
the seat of my pants.”

From the [ID perspective, this
experience once again demonstrated the
utility of carefully designed and
developed instruction. [ not only felt
more comfortable with the content, but
[ also fell more effective as an
INSIFCtor.

There were also advantages from
a message design perspective. Instead
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of displaying tran ies or simply
“talking through" imporant points, |
was able to use compuler-generated text
to highlight imporant points, show the
learners examples, display the lesson
outline, etc. In addition, the visuals I
developed were displayed with a close-
up camera and a “"chroma key” that
allowed me to “"zoom in" on each
individual section of the graphic and
drop back for a more hollistic look.
The manipulations of text and visual
material were far more sophisticated
than what 1 was ordinarily capable of
accomplishing with a simple overhead
projector or board.

Another notable advantage of this
system was relaed o the taping itself.

t the conclusion of each show, I
received a  standard VHS-format
cassette which [ could then eheck-out o
students who had either missed the
class session or who needed additional
review, As a footnote, in this particular
class, approximately 50 percent of the

are not native English language
speakers and there is a significant range
in their respective language abilities.
These tapes provided many of these
students with a review opportunity not
usually possible. However, there were
lingening delivery problems, principally
due to the lack of public access viewing
stations, that prevented this system
from being used to its fullest.

Another advantage related 1o the
video equipment was the capability of
taping sessions ahead of ime. On one
occasion, | needed tw attend a
conference during the time when the
class was held. Here, | simply
arranged to tape the session a week
earlier and narrow-cast it during the
regularly scheduled time slot.

Of course there were larger
benefits than the technological miracles
offered by the video equipment per se.
First, the course ecxperience was
somewhat enriched through the addition
of the IUPUI group. These leamers
were represenative of a population of
leamers that are generally somewhat
older and more focused in their motives
than the Bloomington audience. Yet,

the Bloomington crowd rcpresents a
very diverse and culturally
heterogeneous mixture of leamers. The
two populations secem o complirment
each other well.

The benefits to the University
seem somewhat obvious. Becaunse an
instructor can be several places at once,
the costs, especially those incurred by
the remole campuses, are low, limited
almost  entirely 1o small
administrative costs. In ition, the
learners on the remote campuses benefit
from courses that, because of small
enrollments, high costs, or lack of
qualified faculty, would otherwise not
be offered. Because of these factors,
the attitudes of the IUPUT leamers was
exteremely positive, despite many
logistical problems.

Finally, the most salient
advantage from my perspective was the
opportunity u:nm“"rpmnmn what we

h" 1o a greater extent. As an

nstructional developer, it was far more
credible for me 1o offer such a course
through a more deliberate, mediated
approach than the conventional
classroom. This is not to say that this
course was necessarily representative of
the optimal 1D environment; certainly, it
was not. However, in a larger sense,
the learners in this course were ex

to some media and design options that
they would ordinarily not see.

The Balance Sheet

Would I do it again? Probably.
However, the most frustrating problem
nﬂﬂmm&mnmImrbﬁmwhhﬂ
eager to und ¢ the instructional
television experience again in the future
is the ﬂrﬁm?sphyad by the local
ﬁl_ﬂ;. With few exceptions, these

rs responded with the atitede that
this technology, no matter how
beneficial it may be to ileaming here and
throughout the stem, somechow
cheated them out of the best possible
learning environment because of its
i3 " nature. Instead of being
willing to experiment with a new
of learning situation, many see to
feel compelled to demand the security
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and comfort of the conventional
classroom.

Among all the lessons that 1
learned from this experience, one far

out-shone the others in my own
of the fe of
instructional devel T we ag

professionals must advnnéu strongly

for pedagogical change, or instructional
interventions, no matter how ultimately
beneficial we may believe they are, will
continued to be viewed merely as new
“teaching toys;" here for woday, but
EONE IOMMOrTOw. mhun h:fﬁ we
can indeed bce we W
msust amﬂ-r::ll the better nﬂﬂmp
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The Effects of Individual and Team Learning on Performance During
Computer-Assistad Instruction

Dawvid W. Dalton
Indiana University

Abstract

There is considerable evidence to
suggest that CAI is an effeciive
instructional delivery system in many
situations, However, the manner in
which learners interact with each ather
is aften overlooked in CAl research and
in the deviopment of CAl lessons. This
study compared the performance and
attitudes towards instruction aof learners
working individually with learners
waorking in M-Mnger teams an a sex
education CAIl  lesson. n o
measures of ouwfcome performance,
learners working together significantly
outscored those working individually.
However, there were no significant
differences observed on the artitude
foweards IRnSIruction measure.

Background

In the past decade, research has
shown that computer-based
instructional pro 5 have been
effective in  improving learner

ormance and attitudes towards
INSHuCHon.

For example, Kulik, Bangert, and
Williams (1933) suggest that the typical
computer-based instructional program

weed a gain of .5 standard
deviations over similar "conventional”
instructional programs. In & recent
follow-up analysis, Kulik, Kulik, and
Bangert-Drowns (1985) note similar
resulls when ter-assisted
instruction (CAIl) programs are used
with elementary learners.

One of the main assumed benefits
of CAI as an instructional delievery
system lies in its ability to provide
individualized instruction through
branching options contingent on
individual leammer progress.  The
consistent nature and quality of the
differentiated feedback

| L1t

and and urinary sysiems.
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reinforcement found in many well-
desi CAl lessons has also been
credited with performance and attitude
improvement (Clement, 1981).

Since much of the assumed
benefit of CAI is ofien centered around
its facility for the delivery of
individualized instruction, much of the
research on CAIL 1o date has focuesed on
traditional, one leamer per machin:

interactions. However, research in
conventional instruction suggests that
cooperative, or  team  learning
experiences can  often  produce

a:;r.ﬁlmw:mﬂnts- in learner performance
attutude
In addition, it has been suggested
that cooperative leaming schemes used
with appropriately designed CAI assist
in the development of social skills,
creative  thinking, and  overall
performance. However, whether or not
such cooperative learning schemes do
indeed improve learner attitude and
has not been conclusively
demonstrated and more research is
required.
This paper reports on the findings
from a stwdy that compared the
nce and attitudes towards
instruction of leamers working in pairs
with learners working individually.

Methods
Subjects
The  subjects chosen  for
partcipation in this study were 60 eighth

grade learners selected from
sections of an eighth grade health class.
The sample consisted of approximately
equal numbers of males and females
and was composed primarily of Anglo
students, with some minority learners,
Marerials

The basic instruction for this
study consisted of a 30 minute lesson
on the anatomy and phi;smlng;-,r of the
human male and female reproductive
The lesson
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consisted of two major sections, one
for each gender. Each section
contained instruction on the major
organs of the reproductive system and
ttmilr functions in the reproductive
cycle.

Each lesson segment began by
describing the size, shape and location
of the organ in tutorial form, followed
by a computer-gencrated graphic
depicting the the body. Then a
brief explanation of the organ's
function was given, again in tutorial
form. At the end of each such segment,
the learners were asked to recall the
name of the organ and its function.
Two treatment groups were employed
as follows.

Individual instruction. In this
treatment, learmners were assigned 1o a
computer terminal and instructed on the
operation of the computer hardware and
software. They were then told to
complete the lesson individually and
report to the teacher when finis

Team  instruction. In this
treatment, each leamer was randomly
assigned a parmner with whom 1o

te the lesson. The leamers were
then given the operating instruction as
in the individual instruction treatment
above. The pantnerships were then old
to complete the lesson "workin
together” at the keyboard, Atthe end o
the first half of the instruction, the
learners were told 10 switch positions
so that each learner would be entering
the team's responses for half of the
lesson time.
Dependent Measures

After the letion of their
respective treatments, all learners were
given two print-based posttests on the
anatomy of the human male and female
reprodective and urinary systems, as
well as an attitude survey designed to
assess the leamers' attitudes towards
the instruction.

Verbal information posiest. The
first of these measures consisted of 36
multiple choice items covering both the
names and functions of the organs of
the re ctive systems. Split-half
reliability of this measure was found to

T U0l ind A Thbm it e | o)

be .20 using data from this s .

Visual recall postiest. 5 test
contained 12 items that asked the
learner to label line drawings of the

uctive systems. Reliability of
this measure was found to be .85 using
spli-half dara obtained during the
study.

Attitude survey. In addition to the
achievement measures described above,
the leamers were also given an
annonymous print-based twenty-item
Likert-type survey designed to assess
their atitudes towards the instruction.
The split-half reliability coefficient of
this instrument was found 1o be .86,
Procedures

Leamers were randomly assigned
to their respective treatments where they

leted the instruction. Immediately
following the lesson, the learners were
given the achievement measures and the
attitude survey previously described.
Experimental Design Data Analysis

This expenment wtlized a
completely crossed 2 x 2 Treatment-by-
Sex factorial design, featuring two
levels each of meatment (team learning
and individual learning) and sex (male
and female).

Scores on  the performance
posttests were analyzed through fixed-
effects ANCOVA pm::dur:s. using

sixth grnd:: hensive Test of
Basic Skills (CTBS) total scores as the
covariate. Artitude data from this study

was analyzed with fixed-effects
ANOVA procedures.

Resulis

The results for the werbal
information posttest, wvisual recall
posttest, and attitude s are
contained in Table 1. The adjusted
means of the individual instruction and
the teamn learning treatment groups werne
62.93% and B6.07%, respectively, on
the verbal information positest. These
means were significantly different (p <
A001).

The adjusted means of the
individual instruction and team learning
group were 55.17% and 74.17%,
respectively, for the wvisual recall

167

TALERT il o

‘1.“*1'-]" o T




postiest.  These means were also
significanty different (p < .001).

The means of the individual
instruction and team leamning group
were  6448% and 6O.77%,
respectively, for the atttude survey.
These means were not statistically
different (p > .05).

Di <

The most important result from
this study was that the team leaming
reatment scored significantly greater
than the individual leaming group on
both measures of performance. In fact,
the effect size of the team learning
approach was 1.13 standard deviations
for the verbal information postiest and
1.31 standard deviations for the verbal
recall posttest and was consistent across
both sexes.

This result is easy to interpret
when coupled with observations made
of the learners as they progressed
through their lessons. %;:: pattern of
behavior that seemed most typical
involved one leamner assuming the role
of tutor while the other learner became
the wiee. In this way, many of the
benefits of the Programmed Tutoring
system were realized. Specifically, the
tutor gained new understanding of the
material by verbalizing the materials for
his/her pariner, while the tutee benefited
by his/her s explanations.

In addition, there scemed to be an
added comfort that came from working
together on content that seemed (o
embarass students working
individually. In fact, this comradery
was present in both genders.

However, in two of the 15
partnerships, the wioring relationship
degenerated into a competitive, rather
than cooperative relationship. In both
these cases, the tutor assumed an
authoritative role and the wree rapidly
became resentful of his/her peer’s
demeanior.

No significant differences were
yiclded on the attitude survey. This
result may be attributable to the fact that
both treatment groups reacted quite
positively to their respective treatments

since both reatments represented nowvel
instructional methods.

In summary. the resulis of this
study support research that suggests
that tutoring in » and ally
tutoring cou with CAl, can be an
effective mode of instruction, especially
for young leamers.

However, future research should
be conducted on methods in which the
CAI lesson itself can maximize the
tutoring that results from this type of
team leaming. Perhaps such research
efforts may find design approaches
which not only maximize learner
performance through cooperation, but
also minimize the opportunities for
unconsiructive  compelition among
leaming pariners.
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Table 1. Mgnnpumlmihrﬂmv:rhﬂ information, visual recall, and

survey.
Treatment Verbal Info Visual Recall Attitude
Posttest Posttest Survey
Individual
.[Hﬂhu} 62.50% 53.94% 65.11%
o=
jomale 63.32% 56.28% 63.33%
TOTAL 62.93% 55.17% 64.43%
(n = 29)
Team Learning
”[:ﬂls:. 82.61% 7333% 62.33%
,ﬁnﬂiﬁﬁ) 89.28% 75.00% 70.94%
TOTAL 86.07% 14.17% 66.77%
, (n=31)
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APTITUDE-TREATHENT IMNTERACTION RESEARCH REVISITED

Intreduction

While most of us lnstructional designers and theorists would
attest to the importance of deslgning Instruction to meet
individual student needs,; we have been criticized for our fallure
to do it effectively. This is not to say we pay no heed to
individual student needs. We are gulite good at ldentifying

preregulslite skllls to a deslired learning outcome and which of

these skills individual students possess. Acmed with this
knowledge, we may prescrlbe at what point in Ehe instructlenal
seguence any glven student should begin.

i Instructional designers have alseo pald attentlon to adaptive

learning sequences in the sense that students are individually

branched to new instruction based on thelr current performance.
1 When these two features are coupled with the oppurtunity [or
students to proceed at their own pace, the result appears to be
individualized instrucbtion, instruction bazed on individual
student learnling needs. 5o, what's the beef? A careful look at
these Instructional packages will rewveal that although Lhe
sequence of content may be sensitive to individual differences,
the learning process 1s virtuwually the same for all students.
Little or no provision 13 made for varyling student Iinterests,
learning strategles, ledarning styles, and Lhe like.

Part of the reason for this situvation, it can be argued, stems

[rom Lhe wunfullilled promise of aptlitude Lreatment interactlion

{ATI) research. This research seeks to establish relatlions

between learner chacracterlstics and Instrucktlonal trealments that
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will permit Instructlonal designers tu specify thal one mode of
Instruction lz ildeal for a group of learners with one set of
characteristics while an alternate method 1s optlmal for a group
of learners with different characteristics. Unfortunately, this
cesearch has ylelded and continues Lo yield little In the way of
clearcut, repllcable results. Moreover, one regularly sces
reported in the lilLerature ATI studles in which the hypokheslzed
interackion was of secondary Interest and unsupported by theory
or loglc.

The Intent of thls paper ls to re-examine ATI research, to
teflect upon and question Lhe aszsumptlons we have been making in
conducting this research, and to summarlze aome recent, more
promizing approaches to this research that may betker serve us in
the future. While the focus of the paper is on research, a
related question concerns how reseacrch should inform practlce.
Implied in the openlng remarks is 4 bellef that adapting
Instruction tuv such individual learner characteristics as
interest and cvognitive style is a good thiny to do. This belief

will also be re-examined in the closing commeénts of the paper.

The Promises of the Past

The roots of ATI research may be trac&ﬂ to a book edited by
Gagne and publlished In 1967 in which Cronbach and cthers proposed
a theoretical rationale for such research and summarized some
basic and applled research pertalinling to [t. Aptitudes were
consldered to include any characteristlc of the learner that

Increases or impalirs his or her probabllity of success In a glven

instructlional treatment. Examples of some of these
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personcloglcal variables most commonly lnvestigated include

general intelligence, anxiety, achievement need, and others.
Treatments referred to any systematic variation In the pace or

style of instruction that might be expected to interact with the
learner variable of Interest. And an aptitude-treatment interactlon
(ATI) was defined as the interactlion between individual

differences among student aptitudes and the effects of various
instructional treatments.

It was, and still ls; intultively appealing to think that

some students could be expected to perform better under one set

, of Inatructlonal conditlons while others required a dlfferent set
for optimal performance. All that remalned was to dellneate
those interactlons; what Instructional treatments were best for
what types of learner characteristics?

There ensued some 10 years of research before the guestion
was raised as to why the reasonable assumptlions of ATI were not
generating the anticipated emplirical support. Hany ATI studies
resulted In no significant differences between groups; others
which reported Ilnteractions proved to be difflcult, and
sometimes Imposslible, to replicate under similar conditions.

Reviewers have offered a variety of explanations, often in

the form of criticlams, to account Eor this lack of conslatent
findings. According to Jonassen (1982), for example, ATI
research has been largely atheoretical. Emplirically conceived
without a supportive conceptual base, many studies have resulted
in a shotqgun approach to ldentifying learner variables and

instructlional treatments. Toblas (1976) polnted out a problem
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with regard to researchers' conmceptions of "abilities™ and
"aptitudes." There I3 not only lack of agreement as to what a
given aptitude means, there Is inconsistency In the way
lnvestigators have chosen to measure lt. This belng the case, it
Iz hardly surprlising that studles have produced confllctlng
results.

Other reviewars have noted problems with adeguately defining
instructlional methods being employed as treatments (Tobias, 1981;
Jonassen, 1982) and wlth generalizing laboratory based studles to
classroom contexts (Cronbach, 1975; Jonassen, 1982).
Instructlonal Lreatments, for example, have more often been
characterlized by such labels as "conventlional®™ vs. "lnnovative, ™
o "permlasive®™ va. "directlive,® Lhan they were deflined by what
was actually varled across groups that could be expected Lo
Iinflueénce student processing differentlally. The
generalizability problem is potentially more serious. Learnlng
may be 80 context-speclfic as Lo preclude the posslbllity of a
genecral theory of aptltude-teeatment Interactions. Both Cronbach
{15875%) and Snow (1977} suggest that lecal Instructlonmal theories
dealing with small segments of the currleculum would be a more 5

reallstlic goal.

The Patterns of the Present a4
Perhaps in response tu the problems identified in early ATI

research, at least two developments have emerged Iln more recenk
studlies. The flrst Is an lncreased recognition of the role of
prior knowledge as an aptitude variable. According to Toblaa
(1976}; a conslstent finding of ATI studies was that studenta’
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familiarity with the subject matter being taught is important.
The higher students' famlliarity with the material, the less they
needed varlious types of instructiomal support, and this was krue
regardless of any other intervening personclogical variables.

This result clearly accords wlth recommendatlions deriving
from current Instructiomnal theory. "When educational programs
are deslgned to be adaptlive to lndlvidual differences; assessling
the kind and extent of prlor knowledge of students is the most
Important step to take at the beglinning of esach new unit of
Instructlion® (Gagne, 1985, pp. 257-258). In practice, this could
suggest the developmenk of short vs. elaborated lessons to match
the learners' levels of prlor knowledge, wlth the elaborated
lessons containing more of the "events of Inastruction™ (Gagne,
1985) to support learning. The more experlienced, independent
learner, in other wuerds, "will have learned ko supply most or all
of these supporting events on thelr own Initiative"™ {(Gagne, 1985,
p. 256).

The guestion of what one should aclually include in
instruction leads tv the second, important development in recent
ATI research. Investigators are more precisely defining thelr
Instructional treatments, with attention to presumed effects on
student informabtlon processing, than was Ltrue ln Lhe past.
Berliner (1983}, for example, developed a taxonomy of "actlwlty
structures™ to promobe investigalion of what goes on in
elementary school classrooms. McocCombs and McDaniel (19B832) link
inslruclivnal strategies with cognitive and affective learning
strategles of students to suggest varlations in lessun

parameters. Others deflne varlatlons ln methods, medla, and
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strategies Lo influence processing load (Snow, 1977; Clark,
1%82),; disparlty (Rothkopf, 1981), or macro-processes (Toblias,
1982).

Groundling treatment varldtlions In cognlitive Inmformation
processing theuvry has also focused atftention on the different
processing regulicements of varloeus types of content. In other
words,; learnlng one Ltype of conlent requlres a certaln set of
mental operations, while learning something dlifferent might
reguire a different set of mental operatliona. Thl2 1s agaln
conslstent with cvurrent Instructlional theory (eg., Gagne, 1985;
Mercrill, 1983). Jonassen (l982) proposes that content-tceatment
Interactlions (CTI), as opposed to aptitude-treatment
interactions, provide a heuristic for researchers and designers.
He contends that this approach, while perhaps not as attentive to
cectaln kinda of leacrner differences, is more practical, cost-
effective, and likely to be productlive ln terms of curriculum and

produckt development than the ATI appreoach.

A Eorecast for Ethe Future

There are at least two scenarios we might draw for the
future based on the preceding Jdliascussion. ({(And they are not
necessarlly mutually exclusive.) The Elrst pertalinms to ATI
cesearch specliflcally and the second to the more general concerns
about the Implications of such research [evr instructional design.

It seem certain that further progrezs in demonstrating
rellable aptitude-Lreatment Interactlons hinges on our abllity to

mote clearly defline what we are studylng, both In Lerms of

aptitude and in terms of treatments. With regard teo aptltude,
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for example, It iz all too easy to use an avalilable score (such
as GPA or SAT) to represent an aptitude (such 435 general abilily]
and make an ATI predlctlon when nelther the aptitude nor 1lts
measure are perhaps the most approprlate for our purpose. IE£, in
fact, general ability is the aptitude of Interest, then a more
valld measure should be utilized. On the other hand, It ls
concelvable that GPA may rellably predlct performance Iin szome
variety of treatments. In that case, description of what the GPA
actually measures might be important, rather tham it masquerading
as a measure of general ablility.

With regard to treatments, we are certainly heading in the
right directlon when we analyze them in terms of speclfic
instrucktional events and what processes in students these
events are designed to support. Clark (1982), for example, cltes

a study In which a lecture-recitatlon method was expected to

place lower processling burdens on students than was an inguicy
method. The opposite, however, turned out Lo be true. Why? The
lecture-recltation method in actuality left students "on thelr
1 own," whereas the inguiry method provided detailed gulidellnes and
instructional supporkt.

Finally, 1t has been noted here as well as elsewhere that
ATI researchers should pay greater attention to soclal and
contextual varliables that may affect ATIs. Perhaps thls along
with systemabic linking oE Lthe capabilities of students with
speclfic Eeatures of Instroctlon may yet yield Lhe promised
resulls of ATI research.

This could be the end of the paper. However, I made a
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promise to re-gxamine Lhe inherent belief with which bLhis paper
was begun, namely, that adapting Instructlon to individual
differences among students, on the basls of ATI research results,
ls a deslirable goal. This bellef has already been called into
guestlon by Jonassen's (1982) proposal te adopt a CTI appreach
Instead of an ATI approach. A CTI approach emphasizes the
processing demands of content to be learned and the fmpllicatlons
of those demands for the deslign of instruction. Then, rather
than produce a serleés of Instructlonal methods to match learner
characteristics, Jonassen auggests the "one best method" be
progresslvely modlfled on the basis of Information about learners
to make It more unlformly effective. Since this type of approach
is;, I think 1t i3 safe to say, at the core of many instructional
deslgn models, perhaps we are belng unfalrly critlclzed when the
charge ls leveled at us that we do not effectively account for
indlvidual differences.

Another perspectlve is offered by Parkhurst and McCombs
{1379). They examined the practical implications of adapting
instruction to individual differences among learners and
concluded, "...for most of us, the time and expense lnvolved in
alternative module maklng Is nmot worth taking unless the existing
instructional treatment or module causes large or alarming
student failure rates or excessive varlations In the critecion
variable™ {p. 34). They go on to provide a working model for
makling decislons about whether to employ alternative modules and,
further, how one might go about deslgmlng, evaluatlng and

implementing them.

In conclusion, perhaps all 1ls not "rotten In the atate of
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penmark.” Instructional design models already focus attentlion on
the needs of learners, and te a large extent, previde for these
needs effectively in well designed instruction. However, not to
rest on our laurels, ATI research is improving and may yet

meaningfully inform our theories and models.
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