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Abstract: This paper describes a classification scheme for multimedia interaction
based on the degree of control and type of cognitive engagement experienced by
learners in prescriptive, democratic and cybernetic Independent learning environ-
ments. Reactive, proactive and mutual levels of interaction, and their associated
functions and transactions are discussed. The paper also explores principles for
designing interactive multimedia instruction which emerge from this classification
and from current research on learner control and practice.

Resume: Get article decrlt un precede de classification d'Interactions multimedia! base sut le
degre de controle et sur le type d'engagement cognltlf utilise par les etudlants evoluant dans
des environnements favorables a I'apprentlssage Independent, normatlf, democratique et
cybernetique. On y discute egalement les nlveaux d'interactions reclproques, reactlfs et
proacflfs alnsi que les fonctions et les transactions connexes, On y explore egalement les
principes soustendants la conception des programmes d'apprentissage multimedlas interactlfs
qulemergent decette classifteatlon et des courantsderecherchesur les contrdles des etudiants
et leurs pratiques.

Multimedia-based instruction is shaped by the instructional designer's
knowledge of the learning task, learner and context—knowledge which can be
gleaned from eaborate front-end andyses. But ingtruction is dso influenced
by an instructional designer's assumptions about the learner and learning—
assumptions which are not publicly anayzed, yet are reveded in desgn
features of the learning materias. One such feature is how prescriptive the
instruction is. Is the entire learning experience structured for the learner,
or is the learner invited and empowered to construct a personal learning
experience from the materials?

This paper extends an earlier paper entitted A Taxonomy of Interaction for Instructional
Multimedia, by Richard Schwier presented at theannual meeting of the Associationfor Mediaand
Technology in Education in Canada, Vancouver, British Columbia, June, 1992.
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Instructional designers acknowledge theimportant role played by prescrip-
tive learning environments; indeed, prescriptive instruction dominated the
attention of instructional design for decades and continues to be expressed in
significant instructional productstoday. Sometypes of learning, say performing
double-ledger accounting or studyingfor university entranceexaminations, may
be appropriately addressed in a confined, externaly defined and structured,
highly procedural fashion. An instructional designer can develop effective,
reliable— and prescriptive— instructional material sto addressthese types of
problems.

But emerging technol ogies coax usto look at multimedialearning systemsin
anew way — as environments which promote the learner's role in regulating
learning. Anemergingtechnology is not hardware; rather, itisasystematic and
highly integrated architecture for learning. Emerging technologies are those
which focus on an ability to manage, deliver and control a wide range of
educational activities (Hannafin, 1992). To take full advantage of emerging
technologies, instructional designers must look beyond the attributes and differ-
ences of individual media components, and extend their individual attributes
acrossdevel opingtechnol ogies. Giventhat interactive multimediainstruction by
its very nature combines the attributes of saverd media, it is an important
platform for developing emerging technologies. But having an appropriate
platform is not sufficient. To fully exploit the capabilities of more powerful
instructional technologies, designers must aso reexaminethe assumptionsand
expand the drategies we employ in instructional design (cf. Cognition and
Technology Group at Vanderbilt, 1992; Jonassen, 1991; Osman and Hannafin,
1992;Rieber, 1992;Schott, 1992;Spector,MuraidaandMarlino, 1992; Tennyson,
Elmore and Snyder, 1992).

Multimedia-based technologies offer an expanding range of interactive
possibilities which are remarkably consistent, regardless of the platform used to
deliver the instruction. Because a computer acts as the heart of a multimedia
learning system, and because most multimedia computer systems have similar
devicesfor communicating (eg., keyboard, mouse, touch screen, voicesynthesis),
the quality of interaction is more the product of the way instruction is designed,
and less the result of the system on which it is delivered. In order to describe a
taxonomy of interaction for multimediainstruction, this paper describes three
|earning environments within which interactive multimediafunctions, suggests
three levds of interaction associated with these environments, examines func-
tions played by interaction within these levels and enumerates severd types of
overt transactions available at each functional leve of interaction (Figure 1).

Multimedia Learning Environments

Romiszowski (1986) used the terms prescriptive, democratic and cybernetic
todescribe aschemataof sysemsfor individualizing instruction; sysemswhich
may aso be considered environments in multimediainstruction.

Prescriptive instruction specifieswhat the learner isto learn. Instruction is
basad on specific objectives and the instructional system is used as a primary
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Figure 1.
Components of a Taxonomy of Interaction for Multimedia Instruction.
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delivery medium. In many, if not most, casss the instructional content and
boundaries of learning are decided by the instructional design team, and the
learner'sroleisto receive and master the given content. A popular breakdown of
prescriptive instructional designsfor computer-based instruction includes drill
and practice, tutorials, games and ssimulations (eg. Aless and Trollip, 1985;
Hannafin and Peck, 1988; Haeinich, Molenda, and Russdl, 1993, Romiszowski,
1986).

Democratic environmentsturn over control of instructiontotheuser. Unlike
prescriptive environments, democratic environments do not imposehighly struc-
tured learning strategies on the learner. Rather, democratic environments
emphasizethelearner'sroleindefiningwhat islearned, how it islearned, andthe
sequenceinwhichitislearned. Themost apparent differencebetween democretic
and prescriptive environments is the level of learner control, and they do not
dways operate in isolation from one another. Democratic environments may be
used to support prescriptive instruction, acting as a supplementary resource to
the primary instruction. For example, a learner following a sdf-ingtructiond
program on acomparison of British and American formsof government (prescrip-
tive) might choose to explore a learning resource on the Canadian House of
Commons to elaborate information for an assgnment (democratic). For other
democratically oriented learning resources stand alone, without reference to
prescribed instruction, and the learner makesvirtually every decison about how
themateriasare used. Thesetypes of |earning resources emphasi ze navigation,
motivation and access, and they down-play objectives and evaluation.

Cybernetic environments emphasize a complete, multi-faceted sysem in
which thelearner can operate fluidly, albeit syntheticaly. Intelligent interactive
multimedia, based on expert systems, heuristic designs, and virtua reality can
provide rich, dynamic and redistic artificial environments for learning. In
cybernetic environments, the learner maintainsprimary control of thelearning,
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but thesystern continual ly adaptstolearner activity, and may evenadaptin novel
waysbased on heuristic interpretations of learner actions. Thelearning environ-
ment may adapt either actively or passvely by advising the learner about the
patterns and consequences of actions taken. The cybernetic instructional envi-
ronment, unlike instruction provided in prescriptive and democratic environ-
ments, actually expands beyond the initial design decisons made during its
development. This expansion marks its difference from being merely a sophisti-
cated prescriptive environment; the very substance of the learning landscape is
changed by the nature of interactions during instruction, not just the path
followed by an individual through existing materia (whether prescribed or
democratic). This is certainly more evident in predictions for the 21t century
than in practice , as few products to date offer a truly cybernetic environment.

Jonassen (1991) might use the term objective (encompassing both behav-
ioural and cognitive orientations) to describe prescriptive environments, asthey
arebasad on assumptions of asingle, externaly defined redlity, wherein the goa
of instruction isto bring the learner into linewith these externally defined gods.
Democratic and cybernetic environments might emphasizeamore constructivist
orientation — one in which multiple redities are recognized as legitimate, and
therefore, learners may be empowered to express an array of appropriate
directions, processesand outcomesfor learning. For example, given aCD-ROM
disc of clipsfrom classic films, one learner might gather examples of racism and
sxisn from the dasscs for comparison with contemporary films; another
learner might look at theimpact of col orization on thevisual impact of black-and-
white classc films. Fundamenta to the movement toward more constructivist
orientations in instructional design is a regpect for the learner's ability to
understand and sdect from a number of personaly satisfying strategies for
learning. For example, Osman and Hannafin (1992) challenge designers to go
beyond content acquisition in designs, and cultivate metacognitive capabilities
and drategies of learners. This, in turn, requires that instructional designers
includeproceduresandtool slearnerscangenerali zetoother settings, ratherthan
focus soldy on specific content to be learned.

Thethreelearningenvironmentsdescribed aboveeach alow interaction, but
the nature of the interaction is fundamentally different in each environment. A
prescriptive environment will largely present interactive eventsto which learn-
es can react, such as embedded questions. In democratic and cybernetic
environments, dl interactivity will not be pre-ordained. Thelearner will havea
hand in shaping the interaction. The next section will examine the type of
interaction asociated with each of the three environments.

Levels of Interaction

The different multimedia environments will emphasize different types of
interaction. Such interaction can be characterized as reactive, proactive or
mutual depending upon the level of engagement experienced by the learner.

In a reactive interaction a learner responds to stimuli presented to the
learner by the program, for example by making asdlection from amenu (Lucss,
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1992; Thompson and Jorgensen, 1989). Such approachesaretypified by tutorial
designswherein the learner and computer are engaged in a preordained discus-
sion which isinitiated by the program, not the learner.

By contrast, proactive interaction requires the learner to initiate action or
dialogwith theprogram. Proactiveinteraction promotesgenerativeactivity; that
is the learner goes beyond sdlecting or responding to existing structures and
begins to generate unique approaches and constructions other than those
providedininstructional materials. Thelearner organizes, shapesandinasense
creates a persona expression of learning. An example of thisiswhen alearner
usss key word searching of a hypermedia database, and organizes resultant
information to address a sdlf-generated question. The question isthe learner's,
thecollection of dataisuni quetothelearner, andtheboundariesof thesearchand
the persond leve of satisfaction with the completed product are the learner's.

The highest level of interaction, mutual interaction, is characterized by
artificial intelligenceor virtual reality designs. I nsuch programs, thelearner and
system are mutually adaptive. Sometimes this is referred to as recursive
interaction. Recursion is based on the mathematical notion of indefinite repeti-
tion, and in multimedia, it suggests a conversation which can continue indefi-
nitely. Thisisauseful distinction, but it fallsshort of the potentia capabilities of
multimediasystemsin thefuture. Because multimediasystems may ultimately
be capable of cybernetic conversation-actudly learning from and adapting to
conversationwithalearner-thetermmutual interactionisused here. Ataless
sophidticated leve, mutual interaction can be used to describe the appearance or
trappings of meaningful conversation. Mutual interactivity isstill initsinfancy,
buttheareaisattractingagreat deal of research and devel opment interest.

Thethree categories of interaction do not exist asdiscrete categoriesin most
ingtructional software — interactive multimedia programs often incorporate a
combination of reactive and proactive approaches (although very few are sophis-
ticated enough to incorporate mutual approaches). But the levds are hierarchi-
cd, inthat one subsumestheother. In other words, mutual interactionscontain
proactive elements, and proactive interactions contain reactive e ements. For
example, whenlearnersgenerate new questionsand approaches (proactive) they
can, in turn, be used by the system to formulate new conversation (mutual).
Similarly, when learners generate their own drategies (proactive) they are
responding to existing stimuli at a sophisticated leve (reactive).

Functions of Interaction

Hannafin (1989) identified five functions interaction can serve in independ-
ent learning materias. confirmation, pacing, inquiry, navigation and eabora-
tion. Confirmation verifieswhether intended |earninghas occurred (eg., learners
responding to questions during instruction can measure performance). Pacing
givescontrol of thetiming ofingtructiontothelearner (eg., thelearnerssdecting
an abbreviated or e aborated version of instructional content). Navigation deter-
mines the amount of freedom and ease of access |earners have to instructional
components (eg. learners choosing segments from a menu). Inquiry alows
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learners to ask questions or construct individual pathways through instruction
(e.g. learnerssearching supplementary material). Elaboration alowslearnersto
move from known to unknown information or expand what is dready knowr.
Each function is expressad differently during instruction, depending upon
thelevd of interaction. For example, reactive navigation istypified by menus or
prescribed branching options presented to learners. Proactive navigation, by
contrast, would permit the learner to initiate searches or participate in open-
architecture movement throughout material. Mutual navigation might happen
when a program anticipates navigation routes of the learner based on previous
movement, and advisesthelearner about the nature of choices made. In mutual
navigation, thelearner could couldfollow or ignoretheadvice, and dso advise the
sysem about about thenatureof navigation opportunitiesdesired. Figure2 gives
one example of interaction obtained at each functional leve of the taxonomy.

Figure 2.
Example of an Interactive Event at Each Functional Level of Interaction.
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Transactions During Interaction

Transactionsarewhat learnersdo duringinteraction; they arethemechanics
of how interaction is accomplished. For example, learners type, click a mouse,
touch ascreen or scan avirtual environment. Learnerscan aso engage in many
productive types of covert transactions, mentally engaging themsdelves in the
congtruction of metaphors, questioning the validity of content, constructing
acronyms to remember material and the like. This discussion will focus on overt
transactions, but the reader should redlize that covert transactions can be
employed whenever overt transactions are unavailabl e to the learner. Also, the
use of one does not preclude the use of another.
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Theleve of interaction can beinfluenced by the type of transaction permitted
by hardware configurations and instructional designs. Severa transactions
cannot be easily adapted to higher leves of interaction. For example, therange
of possble interactions is confined if apacebar isthe only means of transacting
with a program. Devices such as the mouse and ingtructional design strategies
such as touch screen menus do not permit the learner to construct inquiries,
thereby eliminating the possibility of adopting aproactive or mutual orientation.
For example, alearner can use atouch screen or use asingle keyboard entry to
make menu sdections or answer questions (reactive interaction). Touch screens
and singlekeyboard entriesaretoo restrictive, however, tobeused for generative
activities such as on-line note taking (proactive interaction).

Conversdly, transactional methods serving proactive or mutual interactions
canasobeusadinreactiveinteractions. For example, akeyboard synthesizer can
beusad by al earner to composeanew song (proactiveinteraction), whilethesame
keyboard synthesizer can be used to have learners mimic a score played by a
program (resctiveinteraction). | nthisway, transactionsconformtothehierarchy
of thistaxonomy. Transactiona eventsavailablefor higher levels of interaction
canbeadaptedtolower levelsof interaction, but therelationshipisnot reciprocd.

IMPLICATIONS OF THE TAXONOMY OF INTERACTION
FOR LEARNER CONTROL AND PRACTICE

The taxonomy of interaction carries implications for designing interactive
multimedia-based instruction, primarily concerning questionsof learner control
and practice. Control and practice events in multimedia-based instruction are
expressed in the natureof interaction provided learners. How do learner control
and practice converge with the proposed taxonomy?

Thistaxonomy is meant to be descriptive, not prescriptive, yet each point of
interaction in an instructional treatment represents a decison point for an
instructional designer. Aninstructional developer constantly weighstheneed to
beprescriptiveversustheneedfor learnerstoexplore. Aslevesof interactionare
ascended by theinstructional designer, and reflected in thedesign of interaction
and practice, theamount of control abdicatedtothelearner changes. At areactive
levd of interaction, the instructional developer retains amost compl ete control
over thecontent, itspresentation, sequenceand leve of practice. A proactiveleve
of interaction relinquishesmuch of the devel oper's control over instruction, asthe
learner determines what content to encounter, the sequence and how much time
to devote to any particular element, how much practice with any particular
content isrequired, and whether additional content will be explored or ignored.
An instructional designer must struggle with whether the learners have the
necessary <Kills and motivation to work successfully in a democratic environ-
ment, and therefore whether proactive interaction strategies will be beneficia to
the learner. At amutual leve the system and the learner negotiate control of
instruction. The learner engages the instruction and makes decisons, but as
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instruction proceeds, the system adopts the role of wise advisor (or tyrant) and
attemptsto structuretheinstruction for thelearner, based on needsreveded by
the learner. Thus, the amount of learner control is shared at a mutual levd of
interaction.

One problem an instructional developer faces iswhen to assart and when to
relinquish control. Thisdecisonwill, inturn, influencewhich levd of interaction
may beappropriatetoemploy inthedesign of instruction. Theissuehasmora and
ethical overtones. Certainly, it wouldbeinappropriateto set unprepared learners
adrift in aseaof learning resources without the skills necessary to navigatetheir
craft, and then expect them to operate successfully. Learners need to be suffi-
ciently mature, and have access to the necessary problem solving and attack
skills, such as metacognitive practice strategies, to perform successfully in less
structured learning environments. Osman and Hannafin (1992) point out that
significant variablesin theacquisition and useof metacognitivestrategiesarethe
age of learners, previous experience and their belief in their abilities. Programs
need to emphasi zenot only knowledge about strategies, but dso knowledgeabout
maintaining and transferring strategies to other settings. Cybernetic sysems
may be able to "tune" themselves to the metacognitive strategies employed by
learners, adjust to them, and advise learners of trends which emerge. Systems
can, by advising the learner in an organized fashion about decisons made,
promote the development of persona metacognitive strategies.

Decisons about control form part of the art of instructional design. One
should not assume that proactive and mutual forms of interaction do not impose
external e ementsof learner control. On the contrary, considerablecontrol of the
learner can beexercised by theinstructional designer in subtleand passiveforms,
such asthe design of the access structure available to the learner. For example,
a designer might unintentionally use confusing or obscure icons and thereby
discourage learnersfrom expl oring associated material in alearningresource. If
control istobegiventolearners, attentionmust bepaid by instructional designers
to the covert e ements of a design which may frustrate learners from exercising
that control. In other words, control must not only be given to learners, it must
be taken by learners, and design factors may inhibit or encourage their decision
to take control.

A significant amount of research about practice and control has been
conducted over the past severd years. Although prescriptionsregarding the use
of learner control and practice in multimedia-based |earning designs would be
premature, tentativeadviceisavailable. Thefollowingconclusionshaveimplica
tions for the design of interactive multimediainstruction, and especidly illumi-
nate when it might be appropriate to move from prescriptive environments to
democratic environments. Generally speaking, thedecision torelinguish control
of instruction to the learner carries with it the assumption that the learner will
beempowered by that decision. M ot of theseconclusi onsspesk towhen learners
might be empowered by being given morecontrol over instruction and conversdly
when learners might be hampered by having such control. As a generd
observation, it isworth noting that most of these studies emphasized a logica -
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positiveorientation—one in which the measures of |earningand performanceare
externaly defined. Terms such as "efficiency,” "perform optimaly," "effective-
ness' betray apositivist orientation. It ispossble, from acongtructivist point of
view, to suggest that learners construct multiple—and equaly vauable—
redlities from their unique interactions with multimedia, thereby challenging
externa definitions of "effective’ performance. Some of the more recent studies
have begun to focus on generative and collaborative approaches. Some of the
conclusons, most notably those concerning practice drategies, adopt a more
constructivist posture,

General ConclusionsAbout Practice

Practice should be available to the learner at any time, and in severd
forms to satisfy self-determined needs in democratic and cybernetic
environments. I n prescriptiveenvironments, practice should beimposed
often during early sages of learning and less often as time with a
particular topic progresses (Saisbury, Richards, & Klen, 1985).
Practice during instruction should be varied.

Asfacility and familiarity with the learning task increese, so should the
difficulty of practice. In prescriptive environments, the difficulty leve
would be managed externally by the ingructional designer. In demo-
cratic and cybernetic environments the learner may be advised about
difficulty levels and productive choices, but the decison will be left in the
hands of the learner.

Practice events should require learnersto use information and discover
and derive new relationships in information.

Give learners opportunities to practice using higher-order cognitive
drategies, such as metacognitive procedures and mental modelling to
promote complex learning and transfer (Osman & Hannafin, 1992; Jih &
Reeves, 1992).

Cooperdtive learning strategies can be agpplied to computer-based in-
struction, but learnersmay needtolearnand practiceusingcollaborative
sKkillsfor collaborative strategies to be successful (Hooper, 1992).
Practice should include practice with drategies for learning, not just
practice with specific content or skills. Learners can benefit from memory
and organizationa drategies to make information more meaningful.
Metacognitive Srategies can promote learning and can be generdized
across learning Stuations, but they must be learned and practiced
(Osman & Hannafin, 1992).

General ConclusionsAbout Control

Control isoften used to refer to the selection of content and sequence, but
may aso include the full range of learner preferences, srategies and
processes used by the learner.

Relinquishing control of the instruction and giving the learner control
may increase motivation to learn (Santiago & Okey, 1990; Steinberg,

1Q771
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When control of the learning is given over to the learner, 0 dso isthe
externa definition of efficiency. Learner control does not necessarily

increaseachievement and may increaseti mespent learning (Santiago &

Okey, 1990).

Learner control may permit students to make poor decisions about how
much practice they require, which are reflected in decremented perform-

ance (Boss, 1984). On the other hand, metacognitive srategies can be
acquired by thelearner which will hel p thelearner make more productive
decisons (Osman & Hannafin, 1992).

Control Issues Related to Learner Characteristics

Learners who are generally high achievers or who are knowledgeable
about an area of study can benefit from a high degree of learner control
(Borsook, 1991; Gay, 1986; Hannafin & Colamaio, 1987).

Naive or uninformed learners require structure, interaction, and feed-
back to perform optimally (Borsook, 1991; Carrier & Jonassen, 1988;
Higginbotham-Wheat, 1988, 1990; Kinzie, Sullivan, & Berdd, 1990;
Schloss, Wisniewski, & Cartwright, 1988).

The effectiveness of giving control to the learner is postively correlated
with learner ability, previous knowledge of the subject matter, and locus
of control (Santiago & Okey, 1990).

Control Issues Related to Program Variables

Learner control with advisement seems to be superior to unstructured
learner control for enhancing achievement and curiosity, promoting
time-on-task, and stimulating self-challenge (Arnone & Grabowski,
1991; Hannafin, 1984; Mattoon, Klein, & Thurman, 1991; Milheim &
Azbdl, 1988; Ross 1984; Santiago & Okey, 1990).

Learner control of presentations has been shown to be beneficial with
respect to text density (Ross, Morrison, & OT)dl, 1988) and context
conditions (Ross Morrison, & O'Ddl, 1990).

Courseware should be adaptive. It should be able to ater instruction
dynamically, based on learner idiosyncrasies (Borsook, 1991; Carrier &
Jonassen, 1988).

One opinion holds that learners should be given control over contextual
variables such as text dendty, fonts, and backgrounds, but not over
content support variables such as pacing, sequence, and examples
(Higginbotham-Whest, 1988, 1990).

Thesesuggestions, however inviting, should beapproached with caution. Not
only are they tentative, they are dso contradictory in some cases For example,
the advice offered by Higginbotham-Wheat (1988; 1990) can be interpreted to
mean that learnersshoul d i nfluence only variableswhich havelittleinstructional
import, and bedenied control of significantinstructional variables. Certainly this
contradictstheintentionsand findings of many of the other studies cited, assome
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arguethat we need to go beyond objective and prescriptive designs, and embrace
generative and congtructivist approaches (Jonassen, 1991; Hannafin, 1992).

Inherent in these arguments is the concept of empowering learners, an issue
which will occupy acentral position in multimedia research during this decade.

SUMMARY

The classfication of interaction for multimedia instruction offered in this
paper isdecriptive, tempord and developmenta. The purpose of thetaxonomy
is to help us understand how we can and should express interaction within
different learning environments. As instructional design advances, and as the
devedopment of instructional technologies continues to bluster, the categories
offered herein will likely evolve. Certainly our understanding of productive
avenuesfor instructional design and practicewill dsogrow. Increasingattention
isbeing given to democratic and cybernetic environmentsfor learning, and this,
in turn, requires ingtructional designers to reconsider the roles played by
interaction during instruction.
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