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Introducticn

The concept of productive learning has had a long, albeit multifaceted,
history in instructional p5§;h9}32y§ The Gestaltists were the first to ex-
plicityly emphasize a distinction between two types of learning. For example,
Wertheimer (1959) distinguished instruction that fostered "structural under-
standing" from instruction that involved 'rote memory', Katona (1940)
distinguished “meaningful apprehension of relations' from ''senseless drill
and arbitrary associations, and Kohler (1953) separated "insight'' from
trial and error learning''. Unfortunately, howevar, the Gestaltists never
clarified their various distinctions, often confused differences in |
iﬁstrugtianal method with differences in the subsequent problem sa1vingibehavigr,
and provided little or questionable empirical support for their claims.

The flavor of their distinction can be found In an example by VWertheimer
(1959) suggesting two methods of teaching a ]egrnar to find the area of a
parallelogram. One method emphasizes the geometric or étfueturai property
that the triangle on éne end QF thélfigure é@uid be placed on the other end
to form a rectangle. The other method émphasizes a sort of cook-book recipe
of steps to calculate the area, namely drop the perpendicular and muitiply
its height times the length of the base (A = h x b).

Although learners taught under both methods should perFérm equally well

_on criterion tasks Involving finding the area of parallelgrams like the ones

they were taught about, Wertheimer reported the students differed in their
ability to transfer what they learned to new tasks. For example, the
subjects who Jearned by “understanding" (the first method) were able to find
the area of unusual parallelograms and shapes, and to recognlize uncalculable
situations, while the students who 1learned in a mechanical way (the second
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method) would say, “We haven't had this yat.' According to Wertheimer, only
the first group showed '"productive’ learning and thinking.

in an example of memorizing digit strings, Katona (1540) claimed that
learning by "understanding the structural relationships'" not only improves
the learner's ability to transfer but also improves the learnerts ability to
retain the information over time. One group learned the digit string,
5832?5192225, by understanding.the structural pattern of "add 3, add 4
as indicated be]éw,

5 (add 3) 8 (add 4) 12 (add 3) 15 (add 4) 19 (add 3) 22 (add 4) 26
while another group learned by "rote memorization’ with the string arga&ized
as 581-215-192-226. Although both groups performed equally well on criterion
tests of immediate retention, Katona reported that the first group remembered
the string Ianger; 7

Because of their potential impgrtéﬁza for the design of instruction,
these examples provide a tantilizing invitation to education psychologists
for serious study of productive learning. One early attempt to bring
"meaning'' to schoal learning of arithmetic was lead by Brawne!i (see Weaver &
Suydam, 1972). For example, Brovinell & Mcse% {1949) taught third grad§:5
to solve subtraction problems such as, :

65
-28.

Dna group af several hundréﬂ :hn]drEﬂ learned by uslng concrete objects to

represent the ﬁumerais e.g.y these students were given st|:ks that :nu]d be

put in bundles of tens; the other group learned in a "purely mechanical rote
fashion' by being given the rules verbally without any further explanation.
Although both groups could be taught to perform equally well on the given
problems, the ”maaﬁing?ui” group -- the children who had learned with stick

bundles -- performed much better on later tests with different problems.
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Such results provided fuel for Brownell's argument that learning should

should be aimed at making "arithmetic less a challenge to the pupil's memory
and more a challenge to his intelligence® {Brownell, 1935, p. 31). Unfor-
tunately, we do not yet know what makes arithmetic and mathematics more
meanirgful, and most mathematics teachers must rely on their own intuitions.
The problems with the "new math'' are a more recent example that we do not
yet have the base of research data to prescribe WhEF are the "weaningful?
concepts that underly children's understanding of mathematics.

Puring the 1960's the distinction between two types of learning took
on the equally ambigudus form of a distinction between "diseavery" and
Yexpository" methods of instruction. Bruner (1961, 1963, 1968) has been a
major proponent of the discovery method, although his papers have not
included summaries of strong empirical support. Although often describing
discovery both as an instructional method and as a desired outcome of
learning, and although seldom empirically defining either, Bruner's preferred
me thod of instruction is exemplified in a procedure proposed by Dienes.

Dienes's method of teaching children the concept of the quadratic
equation involved allowing students to manipulate shapes of size "x by x",
fx by 1" and "} by 1" in such a way that the student could see that the area
of a square with sides of length x was 32, of sides (x +1) was xz + x +x +1,
of sides (x +2) was x" + hx + b and so on. The discovery method shares with
the Gestalt "learning by understand’ the promise of superior transfer and
retention performance by the learner.

Unfortunately, experimental studies of discovery have not been 100%
clear. Ten years ago Wittrock (1966) pointed out that, "Many strong claims

for learning by discovery are made in educational psychology. But almost
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none of these claims has been empirically substantiated or even clearly
tested in an experiment.' Although the effects of discovery manipulations
are now being incorporated into theories of cognitive processing during

tearning (Egan & Greeno, 1974), it is still too early to refute Wittrock's

statement.
Variables in Productive Learning

! have cited these examples and given an admittedly selective history
of the many paths of the ‘productive learning' movement in order to show that
the recent resurgence of interest is not totally novel. | also have done this
in an attempt to try to overcome some of the problems that have plagued us
in the past. After nearly a half century of pious claims and lip service
to the need for “Y"productive learning'', educational psychology has now develcped
to the point where careful, scientific research can be conducted. Clearly
we do not need any more calls for a revolution in education without corres-
. ponding experimental evidence; we do not need more massive development efforts
until we pay our 'dues' in basic research; we do not need to think about how
to apply the principles of "productive learning’ without first establishing

what those principles are. | am convinced that only a commitment to basic

learning will produce a theory of learning and instruction that is sufficiently
broad and succesful to offer practical prescriptions. Further it seems to
me that the exciting developments in cognitive psychology can only serve to
enrich and benefit our éééréﬁl VJ | | R

How can we define productive learning? For the purposes »f the present
paper, | propose a definition that takes both internal, external and per-
formance variables into account. Productive learning thus has the following

characteristics: G
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(1) Encoding. The presented material is assimilated to existing
knowledge structures rather than being added 'as-is'' to memory.

(2) Outcome. The resultant learning outcome is an integrated structure
because it involves both the presented material and the knowledge to
which it was assimilated; the alternative is a rote stcucture that
includes only the presented material organized in memory in the
same way It was presented.

(3) Performance. Due to a more integrated learning outcome the pro-
ductive learners should show superior transfer to nav;l situations
while other subjects (with rote aut&am&s)zshauld excell only on
retention of presented information.

Certainly, productive learning may be considered a continuum rather than a

dichotomy, and may have several levels of intEQratian for any task.

What is needed at this point? As can be seen from the foregoing array
of largely untested examples and claims, the following are needed:

(1) a-clear defintion of the external features of instruction for
productive learning (i.e. the external conditions for productive learning),
(2) a clear understanding of the learner's Internal encoding activity during
learning and the structure of the outcome that results (internal conditions

~of productive learning), and (3) a setﬁaf observable performance measures for
measuring the productive learning process and outcune (i.e. the perfarmance
measures of productive learning). .

Table | summarizes some afsthe.ﬁain variab]es that should be included

in a theory of instruction for productive learning. | have broken down the

variables into:
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external variables, such as the method of instruction, the type of

to-be-learned material, and the characteristics of the learner.

processing variables, such as the reception of the material by the

learner, the availability of a meaningful learning set in the

learner, and the activation of the meaningful learning set during

learning (these are actually the cognitive conditions of meaningful

learning).

encoding variables, such as whether the new information is assimilated
to existing structures or simply added in isolated form to memory.

outcome variables, such as the amount cf learning, the degree to which

original assocliations are retained, and the degree to which new

1]

associations to existing material have developed.

performance variables, such as percent correct on recall and transfer

tests.

Although external and performance variables are directly observable, the
other variables refer to internal, cognitive events which-can be measured anfy
indirectly.

The present paper will provide data on series of diverse experiments that
investigate mainly 2§§=aspétt of the external conditions {instructional method)
and more specifically, Investigate only o ne dimension within the domain of

'iﬁStFuEtEQﬁa] method. In particular, | will focus onh differences in processing,
encoding, outcome and performarce variables due to whether information is
:-prééénted iﬁ a PRIMER-FACT arganizétféﬁ or a FACT-PRIMER argagizatfan. in

this case, '"fact'" will refer a set of techrical information that has an
underlying structure not obvious to the novice learner (e.g., a non=base

10 number system, computer programming, a SEF?&énéf premises, inter-related
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7
facts in text). ‘''"Primer' refers to a meaningful set of previous experiences
that can serve as an aid in comprehending the fact (e.g., advance organizers

are primers). The only manipulation to be considered is sequencing since

all subjects are presented with the exact same material.

External variables. Many methodological problems stem from unsatisfactory
daFiﬁitiaﬁs of the independent (instructional) variables. For example, many
studies conceptually confuse productive learning as a method of instruction
(independent variable) and productive learning as an end in its own right
(dependent variatle), or label external instructional variables in terms of

All too often, inadequate definitions have accompanied not only a

confusing of inégpende;t énd dependent variables, but also a lumping together
of several variables Into one. the meaningful-rote (or product ive-reproductive)
dichotomy as the major instructional variable is actually a family of variables;
any serious attempt to investigate instructional method effects should recognize
the many variables involved.

For purposes of the right side of Table 1, | will focus on only one
aspect of the instructional method: theorganization of text for problem
solving into Primer-Fact or Fact-Primer. The type of material to be dis-
cussed is technical problem solving information such as non-base 10 arithmetic
systems, computer programming, a set of related premises, an inter-relateé sat!
of facts in text. This material is potentially meaningful in the sense that
it can be better comprehended by relating it to a learner's past experiences.
We have not focused on the characteristics of our learners, except to assume.
‘that our college subjects were capable of productive learning (if all the

conditions were met).
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Processing variables. In order to learn productively at least three

intgrnai processing conditions (see Mayer, 1975a) must be met:
Reception =~ The learner must receive the to-be-learned material.
Availability -- The learner must possess a meaingFuIViéarning set to
which the new material is assimilated.

Activation -- The learner must actively process the meaningful learning

set during learning.

In the Primer Before treatment, the meaningful learning set is made available

before learning so that it can be activated by the learner during learning.
The Primer After treatment does not allow for availability and activation

baséuse the "fact" has béén pfagessed‘béfare the meaningfui iearning set is
introduced. These hypothesized diFfEfEnCES.in the processing variabiesvfar
the two treatment groups are shown in the right side of Table 1.

Encoding variables. Two different kinds of encoding processes are:

Assimilation -- The learner actively integrates the new material within

existing cognitive structures.
Addition == The learner adds the new material to memory so that it is
isnlated from other information in memory.

In the Primer Before treatment the encoding process can involve assimilation

however, for the Primer After group the basic encoding process is addition.

These dlfFEFEﬂﬁES, as hypathesnzed, are aIsD sumﬂarnzgd in Table 1.

Qutcome var[ab]gs_ There have been many advanhes in cognitive psychology

in measuring the organization of memory, particularly memory for meaning
which can be éailed 'semantic memory'. No longer need the measurement of
learning outcomes be confined to total amount learned. These advances in

~cognitive psychology, and the foregoing approach to productive learning both
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9
suggest that we must do a better job at analyzing the structure (rather than
simply the amount) of learning outcomes. When we ask, '"What is learned?"
instead of simply, '""How much is learned?' | think we can develop much mére
useful and powerful theories of learning and instructicn.

In previous papers (Mayer & Greeno, 1972; Mayer, 1975a) we have 5ugge§ted>
several major dimensions:
amount of nodes -- How many new pieces of information were incorporated
into memory?
internal connections == How many éF the original associations améng

pieces of information are retained in the learning outcome?

the new information and previously existing knowledge?

In addition, we can go beyond these variables to develop task 5pééifi§ models
of the semantic memory underlying the to-be-learned information. New technigues
for text analysis allow us to measure exactly which idea units are learned and
which are not learned, and the order of recall might give some insights into
how these pieces QF.‘ﬁFcrmaticn are organized. Several such attempts to
precisely define the characteristics of meaningful as rote learning outcomes
are presentgd?in Mayer (in press).

in fhe present example, the Primer-Fact subjects would be expected to
develop more integrated cognitive structures with more external connections
and fewer internal connections reiétive to the Fact-Primer group. The Fact-

~-Primer-group-would be expected to develop more rote outcomes, retaining the

original internal connections but with very few external connections.

Performance variables. The most common measures of performance have been:

retention -~ including immediate and longer term ability to perform the

learned task, and

11
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ansfer == including the ability to apply the learned material to new

i~

r

and novel situations both near to and far from the original examples.
Others include savings in relearning, amount recalled, structure of recall, etc.
In the present exémplg, the Primer Before group should excell on transfer
problems due to the availability of an integrated learning outcome while the
rote outcome of the Primer After group should better support retention of
specific information that was presented (see Table }).;

Theories of Learning and Instruction

In a previous review of research on meaningful vs. rote instruction for
statistics, | suggested three general theoretical frameworks for interpreting
the results (Mayer, 1975a). Theory 1 (or the one-stage model) posits that the
learning outcome is a function of the amount of information that is presented
and attended to by the learner. For this theory the main question is, ''Does
the learner receive the information?" This theory ignores all of the "internal
variables in Tablé 1. In this theory, the order in which information is

Theory 2, or the two-stage model, posits that more is learned if the
learner poses the pregrequiéite anchoring concepts. In addition to the
question for Theory 1, this theory asks, ''Does the learner have the pre-
requisite anchoring knowledge?'' This theory ignores the encoding and outcome

variables in Table 1. Thearf 2 predicts that more facts should be learned

from the Primer-Fact organization than from the Fact-Primer organization

if the primer serves as a needed anchor.

Theor: 2, the three-stage model, posits that learning involves assimilating
new knowledge to the learner's existing knowledge structure. An addition to
the above two questions is, '"Does the learner actively integrate the new

facts Q?th the existing pre-requisite knowledge?'' Theory 3 predicts that a

12
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" broader or more integrated learning outcome should result from Primer-Fact:

organization allowing sﬁéeridr traﬁsfer perférmanEE?-in Eantrastj fhévFaét!'
‘Primer organization encaurages Eddltan QF lﬁfarmatlcn to memary ‘as presented o

and could result in super:ur retentian of the basic facts In thelr presgnted L

jarﬂgr_ It is Theory 3 that most closely fits !nta a theary of praduct:ve  - 
learning as outlined in Table 1. |

Sggggngiwégaf Primers and Facts in L%@fﬁfngﬁCamputgriffcgfémmfng

In order to pravide examp]és of the prapcséd framework, 1 will discuss

SEVéFa] studies saﬁried out |n our labs reaéntly

Transfer. In a recent series of experiments (Mayar, 1975b 19763)
. .college bjegts read-a 10-page text ;anerning a simple :amputer pragrammung»@f;;

language, and were presented with a modzl of the c@mputer either bngre or: 1‘;‘ “
~ after raad:ng the text. In thesevéxperiments the made] was. intended ta servekt;;

as a prlmgr- the mode1 PFESEﬁEEd the zﬂmputer in famlliar terms SUEh 35 fff}[;'

exﬁréssnng mem&ry as an eraseable sgarébaard cr EXEEUtIGn aF stateménts as_fo;

"galng down a ShDPPI ng list. -

The‘resultsiind

t d that the Prlmer Befare graup perfarmad bgnter than' L

ﬂwthe Primer After gr@ué on questiaﬁs requirlng Far transfer ( ush as inter-i

preting what a prcgram would da) whnlé the Primer After graup_excéiléd cn ‘ f;i

o ;:' 'questlans closely related to tha text (5uch as wri t 'g snmpfé'pragramsi R
: ﬁr statements) Theary 1 wauld predn;t no leFarenses sin:e bath gruups .

-re¢e|ved the ‘same materuai (albeit in diFFerent nrdernngs) theary 2 wau]d;"vl737

"EPEedlct‘tHat the Prlmer befare QFQUP mlght Iearn more averail by VIFEUE EF

-'ighEVlng a "tognitlve anchor" for encoding the lncamlng matérlal.' HDWEver, .

’r{lthe results are ‘most sansustent thh theary 3 in that quailtatlvely

’fdlfFerent_}earnlng outcomes: were ab ed, Apparent]y, the Frlmer Eefaré
:f:;graup 355|milated tha materlal ta a braader set DF past experlences"thisf'{f_r"

allgwedfsuperlar transfer ta new SItuatlans but may ha\e cauSEd samg IBSEL
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Structure of recall. In a fa]]gw=up study éaﬁduztgd in aur lab by

Bruce Bramage, subJEtts were given the primerstext “and text-prlmar treatments_-.,

" similar to above. Then subjects were asked to re;all selected pﬁrtians of
the text. | | |

Theory 1 predlgts no d;fFerente ln the recall perDcﬁls wh|1é thearyyz
predicts that the Primer Before group mlght recall n@re cverall : Hawever,
'theary 3 makes some prédlctlans concerning more detalled leFerences in the
-prategaissabecause the PrimEﬁ—AFter subjects F@éus more an retéining éﬁé
tééhhicai féxt exactly as présented they wauld be expected tg rétaln the
-.general arganlzatlan af the arlglnal text Secticn and to use many tEEhﬁIEal
symbols (for address names, pointers, example statements}retc.). Because
the Primer-Before subjaetsifntégrate the new material hith?n ﬁhéir past
experience they would be expected to usé'relaﬁivély morévﬁéfds than symbols
(i.e. by puttiﬁg the text in their own wards) and tg use a differeﬁt wording -
and organization than the crigfnal text; in addition, there sﬁguld be
re]at:veiy more intrusions Frgm the primer (l.e. more reFerEﬁces back ta the .
model). Based on these factors {organization, intrusi ons, symbals/wa?ds,
fewgrdings) blind raters were able to correctly predict over 753 of the
_ subjects into the two treatments (p < .05).

This résuit encouraged the idéé that ;here were measurable, qualitatiVé ‘_'
differences between the protocols of the two groups. Thértéxts were aﬁaiyzad

into a hierarchy of idea units, and the protocols were then analyzed to
determine the number of idea units recalled, the order of recall, the number
of intrusions, summaries, errors, etc. Although the analysis is not yet

zamplete, in gtial results indicate that the Pfimér After SUbjeets tEﬁd to .

remamber |salated facts invelving computer symbgls and example stateménts

14
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whiiéiPrimer:Befare subjects tend to remember the férmat-QF statements and

the operations involved that rely on underlying ;@ncépts; tend . to use more

intrusions and more summaries. A subsequent discriminant analysis will help
isolate those factors ‘that best distinguisk. the two groups, and the dlsar:mlnant

Fun&tién will be tested against a validation sample. In this way we hopé tcw

make another madests%ép toward isolating the structural differences between .

meaningful and rote learning outcomes.

Saquen;ing of Primers _and Facts in a Deduction Task

in another task (Mayer, 1975b) subjects were asked to memorize a set of
one-way connections such as, L to S, C to N, S to C, N to M, H to L, M to H,
etc., and were given a primer for converting letters to cltles (L = Los Angeles,

= Chicago, § = Seattle, H= Haustan, N = New York, M = Mlaml) either béfﬂre

or after learning. | [subseauent tests subjects were asked questions which
required putting the links together such as, “Haﬁ manf links .are there from
L to H?'. Althaugh both groups were very fast on regag z ng the learned
llnks, the Primer Before group excelled on problems requiring lang chafns
of inference.

fhésé results are also most consistent with theory 3 in that the Primer
Befare subjects apparently aﬁquired more integrated zngnitlve structures.
Theory 1 would prednct no- dlfferenaé for any of the prgblgms, while thenry 2

would predict superior performance for the Primer BEfGFE group on retention

and transfer problems.

Squgp;ing of Primers _and Facts in Learning from Tgxtr

i

Finally, ! would like to summarize a project currently being carried

aut in our Iabs, concerned with the effects of priming on learning from an

organized text. Subjects read four passages with each one giving information

about the economy, politics, geography, and climate for an imaginary country.

15
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" The Primer was a sheet of paper divided into a lLxh matrix with the cauéé}y
names aéruSs the top and the four characteristics 1ié§§d down thé side. One
. group received the primerbfar‘éa seconds before and one group reeeived-the;
primer after reading the four passages. In a subsequent,tést, both groups
performed quite weji on recall of a speeifi; passage, (éaé; Write all you
"can about country X) but the"Frfﬁer%EEFafe"gféup péfférmad Fa% fewer errors
than the Primer-After group on questions requiring integratinéftwa sepafaée
passages (e.g., The dryness of country X is'ﬁgmparabie to the i;ﬁ;@f country Z?)!',
Theory 1 would predict no difference between the gfaups since all had
been ex posed to the primer by the time .of the test; theary-zzérediats’that

the Primer Before grauh should be suéeriar both on retention and transfer.
However, again these results are most consistent with_the@ry‘3; in that the
Before subjects seem to have acquired a more integrated :agﬁitive %truiture'
that allowed subjects to go beyond the original presentation organization
more easily.

Sequencing of Primers and Facts in Learning an Arithmetic System

In another study (Mayer, in préparatiaﬁ) subjects learned to count in
base-3 number system (w, d, r, dw, dd, dr, dww, dwd, dwr, ddw, ddd, édr,
drw, drd, drr, rww) and a primer (or converting letters to numbers (w=0,
d=1, r=2) was given to subjects either before or after they"!earped to
criterion, Dﬁ'a subsequent transfer test the Frime; Before group excelled
on transfer to new tasks such as counting beyond the QF?Q?HE]VSEQUEHEé or
solving arithmetic problems. o |

Theory 1 would predict no difference between the treatments since all
groups had the conversion list available for thg test; theory 2 would predict
thét the Primer Before group might perform betiér:avéraiig However, theory 3
is maét consistent with the results of superior transFEF;f§r~the Primer

16
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’“Béfare group due taAmare integrated learning outcomes .
- Summary | |
These results taken from dﬁffefghé tasks and‘prc§edufé5 share the same
basic trend: Primer-Fact Qrganizatfaﬁ,segms to lead to superior transfer
performance (but not superior rétentiaﬁ performance) as compared to Fact-
Primer organization. Apparently, Primer Before treazments allow subjects
.to have meaningful learning séts avallable §n3 active during enéédinglgfr
the facts; th}s allows an assimilation process (rather than simple aéditjaﬁ
of information to mémarv) and results in a more integrated learning outcome.
The type of material used in all of these experiments was te:hﬁfﬁal but
it had an Uﬁderiynng ﬁrganlgatlan that cc :1d be used to help aamprehend it.
| doubt whether Slmllar results wauld be abra!ngd fﬁr other types of material,
for éxampléi if the underlying structure and can:apts are obvious the priming
variable should have no effect; cf_if‘na true undér]ying concepts existed
again primiﬁg would be of little influence.
These results fit niaely with‘thé three stage madei of iaé}ning, cited
by Mayer (1975a), which Eau]d be called the ”ESSImI]EtIDﬂ mgdal" Thesé ;i-
results are alsa cgns:stent with the lncreaslng Ilterature on prlmlng efFects »
of headings or tltles on camprehen5|an and memary Far prase (5&3 Schallert, _'
1976; Mayer, 1977). These résuits also provide one example of how znternalr R

events and conditions enrich our growing understanding of the psychology

of instruction.
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Variables
EXTERNAL VARIABLES

. Method of Instruction - -

Characteristics of Material  °

1Ti EhéEé£€;ff§tiCS éF‘Learner'
PROCESS ING VARIABLES o
Reception of Materian
. Avallability of MLS
o Agéivgééqﬁ_aF MLS
© ENCODING VARIABLES
 oUTCOME VARIABLES
o jntegfatgd;gé Rote
ﬁERFDRHAﬂéé VARIABLES'v

" Transfer and Retention
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Table 1: Framework for a Theory of Productive Learning B

Primer-Fact

%Eténjisiiy Meaningful=9

- College Novices

Yes
Yes

Yes

Assimilation

Integrated -

Superior Transter

Yes

S

No
 Additlon -

_ Rote .’

- Superior Retention’

AFffmér-Fa;tgﬁgqyan;ing , Fa;t‘?ﬁ}merﬁ%equ&néiﬁg:

. FEEt'Fr‘imer AR HPRE

thentialiy ﬁeéﬁiﬁ§fQif

College Novices .




