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Instructional basign Theory:
Advancements from Cognitive Science and Instructional Technology
Scientific advancements in cognitive science and instructicnal technology

which will strongly affect educational practice. These advancements extend

the predominately applied behavioraliy-ofiented learning paradiéni-of |
instructional design and management. In this zrticle T will discuss three
major areas in which cognitive science and instmctional technology are
affecting instructional design (ID) theory. These are: (a) the analysis of the
information-to~be~learned; (b) the means of evaluating learners; and, (c) the
linkage of learning theory to instructional presarirtions. |

Analysis of Information-to-be-Learned |

An important component of ID models is the analysis of the information-to-
be~learned. Two basic types of analyses include: (a) a content analysis, that
focuses on defining the critical features of the information and the
relationship of those features according to superordinate and subordinate
organizations; and (b) a task analysis, that focuses on a hierarchial
organization of the information based on prerequisites. Both of these
analyses identify the external structu:éeofthe information but do so
indeperdent of how it might actually be stored in human memory. However,
research in cognitive peychology on human memory suggests that the internal
or.ganization of! informaticn in a knowledge base is based more on employment =
needs than by attribute or hierarchial associations. That is, the utility of b

oA A

i
5 g

the knowledge base is attributed to its oryanization not the amount of
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information. The implication of knowledge base organization is the need for a
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further analysis of the informaticn to better understand the possible intemal

. organization of the information.. Better oxganizationin memory may also imply
better accessibility within the knowledge base for such higher order cognitive
activities as problem solving and creétivity. |

To understand the nature of knowledge base orgenization, cognitive | ‘
psychologist: analysis problem complexity and the wvay individuals try & solve
given problems. By analyzing problems, it is possible to identify the
concepts employed; and, by analyzing the solutions, it is possible to identify
the associations of those concepts within given problem sitvations. The
implication for ID is that the sequence of information for instruction should _
be based in part on intermal associations as well as external structures. The
assmuptimisﬁmtbecausea:bermlstm@mareixﬁeperﬁmtofenploynént
needs, an analysis of possible internal associations would improve the initial
organization of the new information.

In addition to the analyzing of problems amd solutions, is the issue of
problem context. For exauple, expert systems reside within the cgnstraints of
a specific context: That is, they can solve problems only associated with
that given context. ILikewise, research in cognitive psychology .shows that
individuals can solve complex-problems only if they poses the necessary
contextual knowledg_e (i.e., knowledge of when and why). For example, the
cjective in learning to play chess is the learning of problem solving
strategieswiﬂﬁnthecontextofboththegivengamaxﬁthemgrmmve:
not just how the various chess pieces move (i.e., procedural knowledge).

Thus, the key to both effective acquisition and employment of knxwledge is the
organization of the information according to ccntextual applications.
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The change for content/task analysis suggested by cognitive science is the
method of information analysis. In addition to the conventional content and
task analyses, a context analysis is proposed if the goal of the instruction
includes solving complex-problems. Basic steps for a context analysis are as
follows:

-Define the context for the employment of the knowledge.

-Define the complex-problems associated with the context.

-Aralysis solutions to identify concepts employed.

~Cluster the concepts according to employment.

-Organize the clusters into an associative network.

2nalyzing problems within a comtext and then identifying the concepts and
their employment organization provides a means for sequencing the instruction
to improve higher order cognition. In cother words, the sequence of the
instruction is based on the cbjective of improving employment of knowledge in
addition to improvements in acquisition.

Iearmer Evaluation - .

A second major area being affected by cognitive psychology is Jearner
evaluation. In the behavioral paradiom, evaluation focuses anly on cbservable
student performance while, in contrast, evaluation in the cognitive paradigm
takes on diagnostic functions. Evaluation is therefore more than checking
attaiment of behavioral cbjectives but, more importantly, a concurrent element
of learning. For example, diagnosing learner needs during instruction has
been a primary focus of empirical research that my colleagues and I have been
working on for the past two decades. (A review of this program of research in
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adaptive instruction is found in Temnyson and Christensen [1988] and Tennyson
and Park [1957]). '
Much of the experimental programming efforts in im:élligertt computer-

assisted instruction (ICAI) centers on technigques to identify mistakes and o
exrors in solving problens (Dehn & Schank, 1982). Althouwsh not adapkive'in 4
preventing learning problems, ICAT programs ave advancing the concept of L

e,
i

5%

finding possible problems and trying to help the student by prescribing ' ,.
specific instruction,

In the field of measurement, contemporary research is with design of
instruments that measure inference making within meaningful contexts. The
implication for instructional design is the construction of tests that
evaluation problem solving within camplex-context situations: Situations that
go beyand the usual limited scope of measuring cnly right and wrong respanses.  °.

The implications for instructional design are in the cognitive paradigm
concepts of (a) diagnosis of'leaming need during instruction and (b) measures
of achievement within the context of meaningful and camplex situations. That
is, can the learner deal successfully with the type of problems requiring
knowledge of when and why as well as knowing that and how.

AR v -
e RN

Yot rar

5

RAes
-s:ﬁf'r

4

v TAE
Sl
£
WACH

N A
Gt

o

RS

—

&

A %
M
e e

ek

P

[} B

L AL N aas ittt
é’}v’:‘tﬁ: 3 i adEo Ay
LA i

Y

»
S
%
N
H
¥
&
\
{
NS
e
:\,’:ﬁ
+
43
N
5
Z.
22
¥
;5
%
3
N
;@
4
%
%

: In this section I present a third area of cognitive psychology and R
f} instructional technology influences on ID theory: The development of an ” *
% instructional design model that focuses on the planning of a learning
ga envirorment so that students not only acyuire knowledge but also improve their ‘4
w cognitive abilities to employ and extend their knowledge. In Figure 1, I

present an instructional desion model that shows the direct integration of *
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cognitive learning tl.eory with prescribed instructional strategies. In
addiﬁmmumdnectlmgwmmum;@ri&smrysysmw
instructional strategies, I propose that 79% of( formal, classroom learning
time use instructional prescriptions that focus on employing and improving
knowledge. The major components of the ID medel are: memory systems, leamizy
cbjectives, instructional time, and instmctimal prescriptions. These are now
discussed in turn.
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Insert Figure 1 about here

Memory systems. The proposed ID model is directly associated to the
cognitive paradigm of learning. A complete discussion of this paradigm'is
fould in Tennyson and Rasch (1988). Because the goals of the ID model include

both the acquisition and the employment of knowleag2, the memory systems
reference the long-texvm memory suisystems of storage and retrieval. The
storage system is cawposed of three basic forms of krnowledge: Declarative

knowledge, knowing "that" about the information; procedural knowledge, knowing
"how" to use information; and, contextual knowladge, knowing "when and why" to
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use given information. The retrieval system'is composed of cognitive abilities
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associated with the processes of recall, problem sclving, and creativity.
Proposed in the ID model (see Figure 1) is that there is a connection
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between the five basic memory systems and prescribed instructional strategies.
The purpose for including this component in the ID model is twofold: First, to
establish a direct link between instructional theory amd learning theory: This
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was done successfully with the behavioral paradigm where instructional
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strategies were designed following the conditions of that paradigm. ,'.Ihu‘s; I

. have attempted in this article to make an association between the cognitive
paradign and instructional strategies. And, secord, to indicate the relative
strengtbs of the instructional strategies in reference to the educational
goals of knowledge acquisition and employment. The focus of the cognitive .
paradigmisonbothofthwea:hwatiéml goalsascmtrastedtothebehavioral
paradigm which enly concerns itself with the acquisition goal. Within the
proposed ID model, the learning ohjectives extend the macro level goals so as
to tie directly with the memory systems camponent. | |

Iearning objectives. The purpose cf cognitive-based leaming cbjectives is
to further elaborate the curricular goals of Jnowledge acjuisition and
employment. Objectives are important in the planning of leafrx:l.ng" enviroments
kecause they provide the means of both allocating instructional time and
identifying specific instructional strategies. I define learning cbjectives

¥
A S

as follows:
Vexrbal information. This cbjective deals with the learner acquiring an
awareness and understanding of the concepts, rules, and principles within

AT S S S
A
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a specified damain of information (i.e., declarative knowledge).
~Intellectual skillg. This cbjective involves the learner acquiring the
skill to correctly use the concepts, rules, and principles of a specified
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damain of infoxmation (i.e., procedural knowledge). -

~Contextual skills. This ocbjective focuses on the learner's
acquisition of a knowledge base's organization and accessibility (i.e.,
contextual knowledge). The organization of a knowledge base refers to
the schematic structure of the information whereas the accessibility

Provided by ERIC.

by | Cy “
Sk . - . - . __—
T *&mr e I - E R -3 N o~ A W e
&&mﬁmﬁ O - WO i P S ) b e ki B 7 e e e - e e e e “.igi,‘:mi PO "




s

G
4,
3
i
¥
ig‘
C:
:E:w
}[\ :
5=
%
i,
5
%y

SRS PR,

-Cognitive strategies. This cbjective deals with both the development of

-Creative Processes. This ocbjective deals with the most elusive goal of
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refers to the executive control strategies that prw.i:de the neans
necessary to employ the }mwled;e base in the éerﬁce of‘x;ecall, problem
solving, and creativity. Contextual knowledge includes the criteria,
values, and appropriateness of a given damains schematic structure. For
example, simply knowing how to classify examples or knowing how to use a |
rule (or principle) does not imply that the learner knows when and why to
employ specific concepts or rules.

cognitive complexity abilities and the improvement of dawain specific
strategies of thinking. Thus, this category of learning cbjectives deals
with two important issues in education. First, the elaboration of thirﬂ(ing/
strategies that will arm the students with increased damain specific
contextual knowledge. Second, the development of the cognitive abilities .
of differentiation and integration. These abilities provide the cognitive
tools to effectively employ and improve the knowledge base; therefore, they
are integral to any educational goal seeking to improve thinking
strategies. |
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education: the development and improvement of learner creative abilities.
I define creativity as a two fold ability: First, creating knowledge
to solve a problem from the external envirorment; and, second, creating

et

the preblem as weil as the knowledge. Integral to the creating of both
the problem and knewledge is the criteria by which consistent judgement
can be made. I define two forms of criteria as follows: The first is
criteria that are known and which can be applied with a high level of
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consistency. In contrast are criteria that are developed concurrently

with the problem and/or knowledge, and is cmsiétently applied across a
high level of productivity. Creativity objectives need to specify not

only the ability to develope and improve, ut also the form of

»‘.“2 R e o Z ot 7 »
e b e e B KAy Z
P S R TR e AR gl LR (i

criteria. That is, students should be informed of the criteria in the

former and, in the latter, the necessity to develop criteria.
Instructional time., A key factor in implementing the cognitive goals of
knowledge acquisition and employment is the allocation of learning time by

defined ocbjectives. For example, Tennyson and Rasch (1988) suggest that if
improvements in problem solving and creativity are to occur, there needs to be
a significant charge in how instructional time is allocated. They recommend
that the conventional instructional time allocation for learming be altered so
that, instead of 70% of instruction aimed at the declarative and procedural
knowledge levels of learning, 70% be devoted to learning and thinking
situations that involve acquisition of contextual knowledge and development of
cognitive abilities. '
Using Temmyson and Rasch's recamepded figures on instructional time
allocation, I propose that learning time be divided between the two main
swbsystems of long-time memory--storage and retrievali. Within the guidelines
i1lustrated in Figure 1, time is assigned according to the cognitive cbjectives
defined in the previocus section. In the storage system, learning time is
allocated among the three memory systems making up a krowledge base as
follows: declarative knowledge 10%: procedure knowledge 20%; and contextual
knowledge 25%. I am recammending that contextual knowledge learning time be
about equal to the other two knowledge forms because of the necessity to both
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organize a knowledge base and develop ams..bility ‘me value of a ]owwledge

base is primarily in the ﬁmtimality of its oxganizatim and accessibility \ s‘;
Without a sufficient base of contextual Knowledge, the opportunity for E

employment, future elaborations, and extension of the knowledge base is
severely limited.

For the knowledge acquisition goal, the focus of learning time allocation
is on contextual knowledge, and away from the usual practice of heavy emphasis

on amcunt of information. I am assuming that declarative and procedural %
knowledge acquisition is an interactive process that is improved when employing . ;
the knowledge base in the service of higher-order thinking situations (i.e., \'

problem solving and creativity). Time allocated fér declarative and procedural
knowledge focuses on establishing an initial base of necessary knowledge that

can bhe used within a context of a problem situation. That ié, leaa.rning time g
should include the opportunity for.the learner to gain experience in employing
the knowledge.

The learning times presented in Figure 1 do not imply a linear sequence of
knowledge acquisition going from declarative to contextual. Rather, they
represent totzl amounts in an iterative learning environment where learners
are contimously acquiring each form of knowledge. For example, students may
endage in contextual knowledge acquisition prior to declarative knowledge
acquisition if they currently have sufficient background knowledge (i.e., a
discovery method of instxuctionascontrastedtoastmﬁmedmeﬂwd).

MDM- mnmseofmemmmda is the

direct linkage of instructional strategies to specific memory system {
components. Also, instead of prescribing a given strategy of instruction for ;f»
:gl
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all forms of learning, I have identified general categories of strategies,
each camposed of variables and conditions that can be manipulated according to
given instructional situations. |

o,

The five instructional strategy categories:are as follows:

Expository strategies. This category represents those instructional
variables designed to provide an enviromment for learning of declarative
Knowledge (see Figure 1). The basic instructional variables provide a context '

A T O

s
o

for the to-be-learned information. That is, the concept of advance organizers
is extended by presenting a meaningful context for the information as well as

AT B ST LR B S By SR
A . 1 N ~

a mental framework of the given dcma_ins abstract structure. In addition to
providing a context for the inforration, meaning can be furthar enhanced by
adapting the montext to individual student background knowledge (Ross, 1983).
The context establishes not only the initial organization of the domain
but, also, introduces both the Wwhy uf the theoretical nature of the
information and the "when" of the criterion nature of the domains standards,

values, and appropriateness. Personalizing the context to student background
knowledge improves understanding of the information by connecting, within
working memory, knowledge that is easily retrieved. Thus, the new knowledge
becomes directly linked or associated with existing schemas.

Following the contextual introduction of the information, additional
expository instructional variables present the ideas, concepts, principles,
rules, facts, etc. in forms that extend existing knowledge and that aid in

establishing new knowledge. These variables include:

R
-Iabel. Although a simple variable, it is often necessary to elaborate ;{%
619
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-Definition. The purpose of a defini.tion is to link up the new

3 information with existing knowledge in long-term memory; otherwise the
definition may convey no reaning. That is, the student should know the
critical attributes of the concept. To further improve understanding of
the new information, definitions may, in addition to presentation of the
critical attributes (i.e., prerequisite knowledge) include information
linked to the student's background knowledge.

-Best Exanple. To help students establish clear abstracts of a domain's
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concepts, an initial example should represent an easy comprehension of
the given concept (or rule, principle, idea, etc.). Additional
expository examples will enhance the depth of understanding.

-Expository Examples. Additional examples should provide increasi.\:lgly
divergent applications of the information; perhaps also in altermative
contexts) .

-Worked Examples. This variable provides an expository enviramment in
which the information is presented to the student in statement forms that
elaborate applicaticn. The purpose is to help the student in becoming
aware of the application of the information within the given context(s).
For example, to learn a mathematical operation, the student can be
presented the steps of the process in an expository problem while,
concurrently, presenting explanations for each step. In this way, the
student may more clearly understand the procedures of the mathematical
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operation without developing possible misconceptions or
overgeneralizations.

Practice strategies. This category of instructional prescriptions
contains a rich variely of variables and conditims wiich can be designed into
mmerous strategies to improve learning of pn:ocedura.l. knowledge. 'mis
category is labelled practice, because the objective is to learnhowtouse
knowledge correctly; therefore, it requires constant irrtexaction bebdeen
student learning (e.g., prablem solving) and instructional system mnitorim
Practicestxategies should attempt to create an enviromment in which (a) the
student learns to apply knowledge to previously unencountered situations vhile

(b) the instructional system carefully monitors the student's performance so
as to both prevent and correct possible misconceptions of procedural kncwledge.

The basic instructional variable in this strategy is the presentation of
problems that have not been previously encountered (see 'Ibmyscn &
Cocchiarella, 1986, for a camplete review of variables in this category) .
Other variables include means for evaluation of learner responses (&.g.,
patten_q recognition), advisement (or coaching), elaboration of basic
information (e.g., text density, Morrison et al., 1988), format of information, %‘
mumber of problems, use of expository information, exror analysis, and lastly,
refreshment and Mﬁm of prerequisite information.

Problemorjented strategies. In the proposed ID model (Figure 1), I
propose that 25% ofﬂmmmwuammbemomtédtomaéquismmof

cwtexmalhmledge Apxoposedimtructicmlstrategy for this category
uses. prroblem-oriem:ed simlatim tedmiquw Tha puzposa of sim\natims is to
improve the organization and accessibility of infornatim within a kmwledge
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memory to locate and retrieve the apprcpriate mledge to propose a sblgtim.ll
Within this context, the simlation is a pmblem rather than an expository
demonstration of same situation or mekmxemn

Problem-oriented similations present dcmain specific problem sit\nticns to
irprove the organization and accessibility of informatim within the. ?mwledge
base. Basically, thes&ategyfows&smﬂxeswentstryimtousetig.fv
declarative and procedural knowledge in solving danain-specific problens
Problem-criented similations present problem situations that require the
student to (a) analyze the procblem, (b) work out a conceptualization of the
problem, (c) define specific goals for coping with the problem, and (d)
propose a solution or decision. Unlike problems in the practice strategies
that focus on acquiring procedural knowledge, problem-oriented simulations
present situations that require enployﬁent of the dmain'é procedural
knowledge. Thus, the student is in a prcblem solving situation that requires
establishing comnections and associations among the facts, concepts, rules,
and principles of specific damains of information.

Complex-dynamic strateqies. Employment of the knowledge base in the
service of recall, problem solving and creativity is the second major
educational goal of learning envirorments. Inoontrasttoimtructimal
systems that use domain-independent thinking skills development, this
instructional strategy category pruposes the presentation of damain-specific
situations that allow learners to develop their thinking. processes vhile
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employing the damain knowledge stored in their cwn memory systems. As such,
canplex-dynamic similations extend the format of the problem~oriented
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similations hy use of an iterative format that not only shows the consequences
of decisions but also updates the situational conditions an proéeeds to make
the next iteration wore camplex. That is, the situation is longitudinal,
allowing for increasing difficulty as well as providing additions, deletions,
and changes in variables and corditions. In sophisticated camplex-dynamic
simiations these alterations and changes are done according to individuaﬁ
differences (Breuer, 1987).

The main features of camplex-dynamic simulations are: (a) present the
initial variables and corditions of the situation; (b) assess the learner's
proposed solution; and (c) establish the next iteration of the variables and
corditions based on the cumilative efforts of the learner (Breuer & Kummer, in
press) ., .

In sumary, complex-dynamic strategies should be designed to provide a
learning environment in which learners develop and improve higher—order
thinking processes by engaging in situations that reguire the enployment of
their knowledge base in the service of problem solving.

Self-directad exper. lences. The creative process is a cognitive ability
that seemingly can be improved by learners who engage in activities requiring
novel and valuable cutcames. That is, the creative process can be improved by
instructional methods that allow students the opportunity to create knowledge

SRR N AR T G ST IOET R

within the context of a given damain, Instructional programs that provide an
envirorment for easy manipulation of new information increase the learning
time available for such activities.

Camputer-bazed software programs provide enviromments for self-directed
learning experiences that may improve the creative process withiv given
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damains. For example, word processing programs have been shown to “improve
witingskinsbecauseoftheeasemcqnwbir;arﬂ&dj%?@&stpmm
(Lawler, 1985; Zvacek, 1988). Omptxter&basedgimlatims ‘have also shcwn that
thecreativepmcwscanbeinprovedm‘suﬁeﬁtéanbothéontimguysee
the outcames of their decisicns while understanding the predictability of
their decisions (Rasch, 1988).

The creative process is a cognitive ability that apparently can be 7
improved with use within a domain and computer-based software programs seem to
provide the “ype of envirorment which can enhance instructicnal methods for
such imp~ovements. Because of the time necessary for participating in creative
activities, educators should provide sufficient learning time for such
development (Tennyson, 1988). Computer software prigrams that aredcmain
specific enhance the cost-effectiveness of instructi-nal strategies aimed at
the improvement of creativity.

The key instructional attribute for this category is an envirorment that
allows students to experience the creative procese at that given moment.
Camputer software programs that are domain specific and provide for self-
directed learning seem to offer excellent instructional strategies for meeting
goals of a curriculum that emphasizes higher-level thinking strategies.
Although, wehavefoo.xsedoncmprter—basedsoftwaﬁe iﬁthis instiuctioral
category, there are of couxse other possible instmct:l.cml means for students
improving their creative processa

Conclusion

The purpose of this article was to discuss several areas in which recent

advancenents in cognitive psychology and educational technology may affect
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instructienal design theory. The first two areas, information aﬁalysis and
learner evaluation, proposed extensions to wrrentmethods of instructional
development. Information analysis propeses an addiﬂml analysis of the
information based upon complex-problems associated with a given context.

Whereas, a conventional content/task analysis identify the attributes of the
information, the context analysis identifies the schematic organization of the y
information. The schematic organization improves the service of the knowlewe
base for hicgher level employment situations (i.e., prcblem solving and
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The effect of cognitive psychology on learner evaluation deals with two
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fundamental aspects of evaluation. First, when do it and, second, what to
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measure. For the former aspaect of when, it is proposed that evaluation be of
a diagnostic nature, occurring during learning. Diagrosing learning need
while learning would improve the instructional prescription. fThat is, the
instructional prograw would be adjusting to current individual needs and
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differences. For the latter aspect, the focus of evaluation would be on
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higher order interence making both within specific damains and cognitive o

abilities.
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The third area proposed the framework for an ID model that directly links
cognitive learning theory with specific instructional strategies. I also
proposed that learning time be allocated according to the educational goals of
knowledge acquisition and employment. Given the assumption tl;_at: learners can
elaborate and exten, their knowledge base during employment, instructional
time was shifted from the traditional allocation of 70% for acquisition to 70%
for irprovements in employment. This reallocation of instmcti.mal time does
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not reduce the importance of content, ‘i‘xrtplac;sgore of the burden of
acquisition on the learmer. Rather than acquisition of knowledge in nonsense
isolation, it is proposed that learners acquire knowledge within meaningful
situations. Unfortunately, research in instructional theory has focused on
strategies associated with declarative and procedural knowledge with minimal
empirical work for strategies associated with contextual knowledge and
cognitive abilities. Educational technology should provide the means py which
cognitive psychology can be applied to improvements in learning. That is, thg
behavioral paradigm was implemented by means of educational technology, I see

the same thing happening for cognitive psychology.
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instructional prescriptions.
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