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. the legislature (legislative branch)? Does the Supreme Court (judi-

ment by -h) have the right to force this information to be made public?”

cial branc

o Making Mayonnaise!

The study of cooking provides a useful example of :.Jw .,.:m.ﬁ:_:,, of

. . lex subjects. To a noncook, the combination of Em_wﬁ_c:? in
BAES .._...::,4 f:,z all an obvious one. It is for this reason that it is interest-
mayonnaise 15 _,g .,,:w_.o.ﬁm just what they expect mayonnaise to be made of
ing .:1“,””,”“4__« .w_..:..c experimenter (DAN) and CN, an 8-year-old girl

Dan: How do you make mayonnaise?
Ll . ) ‘ ‘ »
CN: How you make mayonnaise is you look at a cookbook.

D OK, but without looking at a cookbook, can you guess what it is
Dan: , .
that’s inside mayonnaise?

CN: Uh. i
: How would you make it? . ,

Ua.._ Uh, Butter—uh, let me think (5-second ?#.Emr E.ﬁ?:ua a:wc

ﬁZA. d:L ause), whipped cream very, very, very ‘:—,,m_v‘ ,”..r “mm_ e
H.w n_.:cwwr. That’s probably how you Bsrrm it, just wi p
cream, very, very, very, very fine and smooth.

Dan: Anything else? .

CN:  You might add a little taste to it.

Dan: Taste of what? .

CN: (10-second pause) Sort of a vanilla Gma. m egs. yolk_end ,

Dan: Suppose | said that mayonnaise is made from egg |
oil. What would you say?

CN: Iwould say it's very, very wrong.

o iyt —1I mean oil.

CN: You Wm:; make mayonnaise out of eggs and water

Dan:  Why not? . .

CN:  Because of taste and smoothness and stuff like tha

2 le psychology
Protocol of the experimenter (DAN) and GB, an adult male p
Professor

ise?
i i onnaise:
Dan: How would you make something like 53\7% e erc
GB: Mayonnaise? How do you make Bmv\c::mz rm.?m U o mix
Mayonnaise; it has to be bought in wm_.m.mwwwwc :
whipped cream with, ummm, some mu

{
I
From Norman, Gentner, & Stevens, 1976, p. 185
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Learning to make mayonnaise and learning about democracy probably seer,
as though they have little in common. However, both involve learning ang
making use of information, information that may not always be meaningfy] to
learners, even when, as in the case of mayonnaise, the result is highly familiar

Learning information meaningfully has roots as a field of study in Em
verbal learning tradition begun by Ebbinghaus (1885; see Chapter 1)
Whereas Ebbinghaus believed that human learning and memory should rm.
uncontaminated by old associations or meaning, others, such as David P
Ausubel, thought that meaning was at the very core of cognitive mxvmlmsnm.
It made no sense to Ausubel, an educational psychologist, to study _mm_.a:m.
with materials so bereft of meaning as the nonsense syllables invented by
Ebbinghaus and adopted by many cognitive psychologists. Ausubel v:m-
ferred to use prose, or textual materials of some length, because text pas-
sages more closely approximate the kinds of learning materials students
encounter in actual classrooms.

Ausubel developed a theory of meaningful learning on a course paral-
lel with ..u:a essentially unaffected by the cognitive information-processing
theory discussed in the previous chapter. Although he regarded the human
nervous system as a “data-processing and storage mechanism” (Ausubel
Hemw. v.m\.. >Cm.c.vm_ did not consider as cognitive theory the noBvEmm
nmu:m Mﬂmwmwmnvwmz_zo: being developed at the time by Newell, Simon, and
awmm_..wnwufm”wmﬂwwn_rum %ﬂmdm%a his work, at least initially, to be fundamentally
gt e il o of schema theory, which began to draw the atten-
on .romEEm scientists at about the same time Ausubel was ﬁc_ur.mr.:,,@

As the concept of schema has developed in the cognitive literature, however
it is similar to Ausubel’s position, and in 1977, Rich aves \
synthesis of verbal learning research fr \.? e mmd vam_..vno_uOmmﬂ :
aded sibenss sy Assiet's BoB w fwnm@ ow. perspectives that in-

Today .WCmcUmm.m theorv is ; mww::m?: wmmw:_bm Gy
s - v is not considered particularly current, where-
as the r:...,rn_.on. of schema has retained an activ 2 agieast) e,
and theory. Nometheless ve position in learning research

€56,

learning theory ¢

a

b %M,M.m.w..ﬁm Mm.\uMwwwmmmnnm of “k:mcvmw.m Bmmabm?m
emphasis on r‘w.._nmnm%;.wmwma part ot mﬁCnm.mozm_ practice-

work is gaining ground in .\.Awm—..»;H:w.:ﬁ, Emw.n.:mnwnﬁmamm ,y:mcvmm s
i s P Jaches to instruction, although with a

s would be no more than .y snowledge in thoughtful action-
nted that th ' @ pralosophical point if it could be taken for

ge brought about understanding like

Moregver, the

ermnka

sliohele J16 .
sirgnitiv different rwist
iy QlLilerent st nd

€ acquisition of
Taoose of z o  in

L ANOw leg

X 2 train

Ticugh he did take it ¢

sowedee. For b

sutomatically followed

ming was all about. How-

or use of prior learning in
A
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and concludes with practical implications of both, with particular emphasis
on teaching for _.E.amnmnmaaﬁm. This juxtaposition should help you better
judge their competing n_EBm. as <.<m= as determine what these theories ex-
m_&: that theories ?mmmama in prior chapters do not.

This chapter therefore begins with Ausubel, proceeds to schema theory

Ausubel’s Meaningful Reception Learning

Meaning, according to Ausubel, is not something that resides “in the text”
and outside the learner. He considered textual materials, like anything else
jearners might experience, to be “potentially meaningful.” Meaning occurs
when learners actively interpret their experiences using certain internal, cog-
nitive operations. To account for these cognitive operations and how they in-
teract with experience to give rise to learning, Ausubel proposed a theory of
meaningful, reception learning (Ausubel, 1962, 1963a, 1968; Ausubel,
Novak, & Hanesian, 1978).

As a means of differentiating the types of learning that go on in typical
classrooms, Ausubel (1961, 1963b) made two important distinctions. First, he
distinguished between reception and discovery learning, a distinction he con-
sidered important because he contended that most school learning is of the re-
ception type. In reception learning, Ausubel (1961) stated, “the entire content
of what is to be learned is ?mmm:ﬂma to the learner in its final form” (p. 16). The
learner is therefore required to internalize the information in a form that will
be available for later use. In discovery learning, on the other hand, learners are
required to “rearrange a given array of information, integrate it with existing
cognitive structure, and reorganize or transform the integrated combination in
such a way as to create a desired end product or discover a missing means-end
relationship. After this phase is completed, the discovered content is internal-
ized just as in reception learning” (Ausubel, 1961, p. 17).

Reception learning, then, is essentially the same as what commonly
occurs in expository instruction, where learners are told information rather
i discovering it for themselves. Science textbooks, for example, state
w:mn:uﬁnm (often with a description of the research conducted to arrive at
%Wm%adn.wm_m& and provide examples of their application. From the princi-
e w efinition and examples, along with practice in its application, mannﬁ
n..mm.mwmgma to understand what it means. By contrast, science nm.mnrmwm often
wh w“: te discovery learning by having students conduct experiments from

fich they derive their understanding of scientific principles.
.. Alhough discovery learning methods cetinly have 3 Pace 1 P
Onstityte ! mba ﬂrmvnﬂ‘ 11), Ausubel wm:ma.ma. :..§ such ‘Bmﬂ i
demic 4; wn efficient primary means of transmitting the n.am:.:, 0
< discipline” (Ausubel et al., 1978, p. 26, emphases theirsh
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The second distinction made by Ausubel (1961, 1963b) and Ausube] gy
al. (1978} s between rote and meaningtul learning. Rote learnin
as verbatim memorization, and to Ausubel, that means the lea
o real connection between what was already known and wh
nized. What was memorized stands as an arbitrary piece of
isolation from the rest of cognitive structure. Children fr
the Pledge of Allegiance, for example, and cannot te
means. By contrast, meaningful learning refers to the
tentially meaningful information to what the learn
nonarbitrary and substantive way.
the children would have some no
of the United States. With this pri
standing of what is entailed by

It .
learnin

8 1S the same
mer has mage
at was memg-
information i
equently memorize
Il you what the pledge
process of relating po-
er already knows in a
This means that, in the previous e
tion as to what the flag means as a
or knowledge, they can construct an
pledging allegiance.

'S important to realize, said Ausubel, that either rote or meaningful
'8 Can occur in reception and discovery learning situations. Students
may attempt to memorize th

€ results of a science experiment, for example,
instead of understanding what the r

xample,
symbol
under-

Quite the no:ﬂm.Jw meaningful
cognitively active,

Three conditions are essential to meaningful learning. One is that the
learner must em 1

POy a meaningfy| learning set to any learning task. If the

) . R .
€arner intends to memorize, then meaningful learning will not result, no
matter whether leaming is by reception

i or by discovery. A second essential
Mﬂ“m_scz is that the material to be learned :N:wn be ﬁnw\m:mm:v\ meaningful-
able wﬂwmmm_ﬁm ‘92 learning tasks ang Materials should be organized, read-

; relevant, 50 that learners do not fail to Jearn because they can make
the third and most important condition
mers already know and how that knowl-
d to learn. According to Ausubel (1963b),

ledge is h tis, an individual’s organization, stability,
retention of Emm:.:www _ m:ﬂ M Principal mmﬁol::cmbﬁbm the learning and
o R i . e
Ausubel placeq on prior r:oS_MM»m:.m_ (p-217). Given the importanc
MEMOory structyre? 8¢ in Je

arning, how did he conceive of

“The model of Cognitive izati

cm. meaningfu) Bw.oh_mmw MHHH.\“@:C:
:_03228_;\ Organizeq . » W
Ausubel wnr:ci_maﬁma ?.c s
ing learning, byt he expre

Proposed fq,

4 r the learning and retention
EXistence of

o, 2gc a cognitive structure that 15
eXistence mm 3b, p. 217). As indicated earlief,
Ssed his the Jmcncv:wmmo_ommnm_ events underly-

OTY in termg of hypothetical constructs
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of memory structure and _Z:::m processes. Ic. proposed cognitive struc-

ture as the learner’s overall memorial &_.z,.::..... orantegrated body a.\ knowledge.

This cognitive structure is made up .c_ .v,.,_?. of :.75,:, :,..: are organized __,_2..__‘.
chically and by theme. Moreover, within any given :_E.,E.n_.;'. the _::,f..ﬁ inclu-
sive ideas are the strongest and most stable. Except for its emphasis on a
?25?.?. of ideas, this structure is similar 7.« those ﬁ:,,_..:zca by the proposi-
tional model of memory that was discussed in :E. previous chapter.

For an example of cognitive structure, ac.:v.z._e.. what vou know ;g:»
cooking that might be relevant if you were learning _roi to make mayonnaise.
You ruwof. that cooking involves mixing together _:mzx.:c_:m that ::m_d.ﬁ be
known by heart or listed in a recipe. Generally, the :.i?,&c:? must be E._‘xc.a
ina ﬁm&.n:_ma order, and certain types of mixing ::E: be z,fmg, .,..:.Q: as “stir
until moistened,” “beat until firm,” and “whip until smooth. .Z:x:i .::m_z
also require different types of implements, such as a spoon, fork, E,r_.,.r\ 73
electric mixer. Figure 4.1 displays a partial hierarchy that ::m._z represent t :_,.
knowledge about cooking. According to >;m:_un.,‘_‘ the general ideas J_Mﬁ M: t m
hierarchy (e.g., “cooking involves vnmvmqm:g.v @oza be more vM;. . ;ﬂ. !
therefore more easily remembered than m_umemn. ideas low in the hierarchy
(such as the type of implement best used for beating). . —

The cognitive structure provides an overall mam_:mio.qw _JS w _Jr ne n
r:os;mamm will be incorporated, but to describe how mven;._n _:.J_S ges cnnnﬂ m
Ausubel proposed the notion of anchoring ideas. Anchoring :.mnw.d m?. i
Specific, relevant ideas in the learner's cognitive structure that 32.:#_ the en w m
points for new information to be connected. They are what enable the learner

construct meaning from new information and experiences that are only po-
tentially meaningful.

COOKING y
_ Ideas high in the
_ _ hierarchy
includes different involves general  stable
types uqmum._‘,FI_
On top of

i determining assembling
the stoye in the oven

recipe ,:mﬂmﬂ_“_m:ﬁ
) — _

ying sautéing roq.

i i mixing
sting baking e
ir beat whip
mﬂ__ﬂ _ specific unstable
RO whisls Ideas low in the
hierarchy
egg beater

Fig i
URE41 4 Partial Hierarchy of Knowledge about Cooking
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For example, the most relevant anchor GB can think of in the Makin
Mayonnaise scenario is the jar of mayonnaise that he has probably taken o:m
of the refrigerator countless times. Like GB, CN doesn’t know the ingredi-
ents of mayonnaise or how to make it, and the most relevant anchor that
came to her mind was “cookbook.” Even when she is told the ingredients
however, her reaction is disbelief, most likely because she has no anchor Emm
is specifically relevant to making mayonnaise. After all, how many ingredi-

ents might she have direct experience with that take on completely different
perceptual characteristics when they are mixed together?

, Cognitive structure ms.a specific anchoring ideas within the cognitive
structure, then, are prerequisites to meaningful learning. They describe the
memory structure within which new knowledge will be integrated. But we

T—Wcm wsmﬁ to see TOE nrm esse €
mUH.CO SSes O* _ ar i
Hu—s.m onﬁCm.- mlm.\ b—Oe,\ ﬁrm new uxlu_.o _

conn i i : AT
knowledge, y ected with and incorporated into the learner’s existing

Processes of Meaningful Learning

If memory is actuall

: organized i i
roia:msmao:ﬁmw ganized in the fashion

o that Ausubel proposed, then
tio . prop !
three possible wa N 7M.. E.a.E to be maama to an existing structure? There are
structure), m:vmnow Q.E M_s Smo._,:._m:.o: can be subordinate to (lower in the
the same level in ;mw M to (higher in the structure), or coordinate with (at
these ways, Ausubel Siruckure) an existing idea. Consistent with each of
ys, ubel proposed a Process of _mm::bm

Derivatipe
and Correlgti
f : ative Subsy i i o i
mc_ME:Od 1 cognitive structyre Mﬂn_o:. The principal way of adding in-
nd @.m.&;m in a subord; + N Ausubel’s view, is to attach new ideas
This is the nate fashion tq th oo
Ausube] Plocess Ausubel calleg gy € anchoring ideas already present:
eral E_M ~2 wr 1978). That 1s, new _Aznoﬁwcgﬂ_o: ¥ imdbel, 1980, T oo
nelusive anchoring 4, . NG ideas are en-
subsumption is g, nﬂ”ﬂ““m S_Mam already M memory ahwwﬂﬁwncﬁa &mﬁwﬁﬂﬁm of
Comin an . er t mmznj f ) ) . v\ 5
%mnmcwwm, and modifiers szm.:mw_:m _ame as hooks that snag those In-
Incoming dety; 8 to them.
% ekl M””w_.m_mﬁm to anchoring ideas in two possible
UMption referg ¢, M;Bv:c:. is said to occur in two way®:
. ¢ learning of ney examples or cases that
, With e 4 10 be the mnnrvw.hénomit learned proposition. If we
Oring idea in a learner’s cognitive
erivatjy ._mwixw_mnma in a subordinate fashior
genera| an:< .w:Um:SAd under A,
ta as mxmw:v_”.wawr an‘ and collies, cocker span”
*aNd subgyyme, ﬂrm:“ w:.w: 1tis relatively easy to Jearn
Hormation under the general con”

P
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Dog

T

Collie Cocker Poodle Whippet
Spaniel

FIGURE42 An Example of Derivative Subsumption

cept. The criterial attributes of the concept A remain unchanged; simply, new
examples are recognized as relevant (see Figure 4.2).

Other instances of derivative subsumption include learning in geogra-
phy that Texas and India are both places where rice is grown. Or in law, cases
may be found that were all decided based on the same legal precedent.
Finally, a teacher or instructional designer might encounter numerous exam-
ples where a particular principle of learning has been employed.

More typical of the way most learning occurs, according to Ausubel, is
correlative subsumption. This process refers to the elaboration, extension, or
modification of the previously learned concept or proposition by the subsumption of
the incoming idea. Instead of simply adding a new example, then, the new in-
formation adds a new characteristic or feature to the existing idea. In so
doing, it interacts with the existing idea to change the learner’s understand-
ing of it in some way. The original A becomes A" as shown in Figure 4.3.

. For example, suppose A represents the concept positive reinforcement
!N an education student’s cognitive structure of behavioral management.
The student knows that positive reinforcement increases behavior (attribute
”v through the presentation of a reinforcer (attribute v) that is contingent
ﬁ%acw..ﬂ:m desired response (attribute w). When the mEQmE now _mm.l_u that
::gmc&ozﬁ can be a high-frequency behavior (new attribute x), his or her
the Mmﬁ:w:.ﬁ of positive reinforcement has now been .mxﬂ.m:&c.a to _:.m_cmn_.
mzzvﬂﬁmw Circumstances surrounding the ?E.:.mnw principle. ?m W:?.:&
s of the concept have been modified. As indicated above, A has also

Positive 3338232

'
e ]

3 \ —| _ "
% Increases Reinforcer Contingent Reinforcer
behavior 18 uiu@::& upon can be high-
165pONSE frequency
hehavior

Fiey, — -
> ‘_:..a..w : =
An Example of Correlative Subsumption
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replaced by A’, because the student’s understanding of the positive re-
been

inciple i the same as it was.
: ent principle is no longer : . .
o Emownmanﬁ_Wm of correlative subsumption can also be readily seen in the
- ~x being taught by Mr. Amaya in his social studies class. As the students
$3 & 8:35@05 different aspects of government, they correlatively subsume these
m m m 53 o mﬁmam:nm under the inclusive concept, government. (They may also de-
Sev m m, n.:m_,mnm_ subsume the labels, democracy and oligarchy, for mmmn:u_m\ :ba.ma
5% m £ 55 3<m_z Mm_v\moéﬂ_am:rv Then when discussion turns to expressions of patrio-
o m M E % w. & Em mm w\mxmB_u_m\ such as displaying the American flag to commemorate the
3 lvw 4 8 g B ...Om M_mB‘amgm of America’s democracy, students correlatively subsume this infor-
5 £9 » oun o : 44).
o 4 f democracy (Figure

m m m m s g m mation under the anchoring idea o y (Fig

LPOO . : =
£y & . dinate and Combinatorial Learning. Not all learning can Um.mx
53 F2s Superordina g d lative subsumption,
8 5% € ined through the processes of derivative and corre :

—5 £ —> 857 plaine %_ ing occurs in a subordinate fashion. In discovery learn-
m.w 53¢ g because not a mm_,n: ammzﬂm may be working with examples to discover the
55 5 E ing, for instance, stu b ; ing in a
E: m £ m 5 3 _Bmam general concept or proposition. Thus, _mmaE:m_ B:ﬂ _Mm Mnnﬂwwwwhwmm
=3 o [ . Similarly, what abou
2% 2 S ) 3 . her than subordinate, way. Similarly, ; )
] 8 0 2= m © 8 0 m:_umEnQEm»P rathe . level in the hier-
0 - SE3069Ep2 S ; . t similar concepts at the same le i
=2 7lv ggag o8 E .m £g%5 S hich students learn about sim ! ]
m w w,m 5 8 ° mm m s m E B @ - M“nﬂw as the anchoring idea? Learning in that case sm:mw be :E#:an WM%.MMMW

gcEoa ©0E g 0L w ¥ : but coordinate, or lateral. To account for
2°9, 8 22 3 S nate nor superordinate, but co ’ the pro-
m 33 m {— § m £ M.m o m m £ that is not subordinate in nature, Ausubel, et al. (1978) proposed P
= C o = = . 1 i arning.

5 d£3 8% s T odl £ W.. o |3 cesses of superordinate and combinatorial le 4 ) thesis of established

o} 3 B E 8% R< 3 m Superordinate learning occurs. through a sy ~ d under which al-

2 m 2 ,W an. 238E S ideas. That is, a new, inclusive proposition or concept is learne already estab-

G Le o W ready established ideas can be subsumed. If ideas x, L and z w.“mﬂ v discoramed.

w T = w lished in the learner’s cognitive structure and their mmmom_mm __h pemqmemtl 555,
0 C3 : . i re a
F$44 E then new idea A is learned under which they a

@ 522 3 Q sumed, as shown in Figure 4.5.
] £0am 2
§ >Eoged 3
2 w m o3 £ : Make sure all
r.m. &0 .m. <) .m < .m New idea A - computer
E 35593 gs g o components work
9 2SS M m & together before
S o 2 @ leaving the store
a | 5% 2
F B2 £
3 € 3 5 X y oz
3T EQ )
ot -3 -
Q
rm 3 - | Printer not ~ Word processor
20 o Word processor fiqured for not configured for
. ) not configured for  contig printer
o = tsp computer
2 2 compute
g2 2
= =

FIGURE 4.5 An Example of Superordinate Learning
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New idea Existing ideas
' Ao
A Boow Cows
Conduct of
Flow of hoat ¢ electricity through
through metal melss

,:ogm 4.6 An Example of Combinatorial
Learning

An example of subordinate le

arning is evident in my experience with
purchasing my first home comput

3.>:rmn:_m._r:m€ virtually nothing
about microcomputers except that [ wanted one with which to do word pro-
cessing. A slick salesman sold me a computer with monitor, word-process-
ing package, and dot matrix printer. I took it all home, hooked it all up, and
nothing worked. To make a long story short, the word processor was not
configured for the computer (event x); it was adjusted. The printer did not

work with the computer (event y); a different printer card solved the prob-
lem. The word processor

. was not compatible with the printer (event z); the
%.m_mse.m of the word processor never could figure this one out, so I sold the
printer. What did I learn (new idea, A) from these events? Make sure all com-
ponents of the system work together before leaving the store!
2.:».: new concepts or Propositions are neither more inclusive of nor
ﬂ_vo&_:m,m to ?._msm_..: anchoring ideas in the cognitive structure, they are
_._MH“”E”__G learned in a combinatorial way. In other words, combinatorial
B occurs when the new ideq 18 not relatable in o specific sense to an existing

anchor by ,
or but is gene d background of information, which may

nor rally relevant to o broa
) imi i |
: ber of similar ideas sharing criterial attributes, as shown in

An example
between the

Heat flow
dinate

of combinatori
flow of heat
and electric

or r:_,:.«.:i_:

al learni
and the

al conductiy
Ate SN,

Ng can be seen in the relationship
35&:@:3& of .._..ﬂ_lﬁ:v‘ through metals.
"y are not specifically related, in a subor-

SOME Previys, knowledg f h X Understand each, a learner must rJﬁ.
98 of how mye ace the
TOCEaae 5 met; > ‘bt > the
Processes are a:..::x::.. havis als are structured, Moreover, since
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relationship to one another. Thus, learning about one can provide a
nate | background of information, which may be useful in learning the oth-
geneea ubel and Fitzgerald (1961) found, for example, that knowing a lot
o ?Mramnw:_.ﬁ% aided learners in acquiring new knowledge about Bud-
wvﬂ: Like the types of government in the previous example, these types of
%__E.:. bear a coordinate relationship to each other, appropriate to combina-
nm:.m_m: rning. According to Ausubel et al. (1978), “Most of the new general-
."o:«.w mmz:; m.Eam_im learn in science, mathematics, social studies, and the
_Nmzosm..zmm are examples of combinatorial learnings, for example, ﬂm_mnoa-
Mﬁwmmw_mgmm: mass and energy, heat and volume, genic structure and vari- ,.
ability, demand and price” (p. 59).

Assimilation Theory. By 1978, Ausubel had adopted the label mwm:zmm:o&
theory to describe the meaningful learning processes of mp.&m:\Bw.co:. mﬂmﬂﬁm
ordinate learning, and combinatorial jmmz,.Bm. In mm.w:mn. emﬂ;ﬂzm 0 e c.
theory (Ausubel, 1963a, 1968), assimilation referred primarily to t he 1:_%“&

of retention, whereby new information wmsa.m to be red :nm.a S‘M&oq mvw__ﬂ,_ 4,: o
by) the meaning of the stable, more mmnmv:.mrmm m:nro:q,i idea.. \ ﬁ.__wu
Ausubel’s notions of what happens in retention changed little, _i:n ,.>_~._ | be
discussed in the next section, he came to use %m. n@dnmﬁﬁ of mmm_B_r.:_.c:
more broadly. Taking together learning and retention, ‘The Wm::n_o” _M Qn.#__”m
teraction that takes place between the new material to be learne ..;3 b
existing cognitive structure is an assimilation of old and new meanings

form a more highly differentiated cognitive structure” (Ausubel et al., 1978,
pPp- 67-68).

Retention of Meaningful Learning

As indicated earlier, retention involves maintaining the ..:.;__.;_:.__",,. m_ﬁ.”_._a_
quired information so that it may be accessed for use z._ a _:‘:._. .._::._,;__:c o
ately following, initial meaningful learning, new :::__:.:_W_,___;.,:: .,_,_._L,
accessible, ity stability enhanced by virtue of itg .::.r:_..i... r.u ._». .ﬁ;.:.:. it is
Cepts in the cognitive structure (Ausubel, 1963b). Over time, m...  Inrye
More economical to remember a single inclusive concept w,m._.d__._ ._”...._w

Number of specific details, subsumed ideas become less and less _‘_ .”. “... be
able, ¢ dissociable, from the inclusive anchor. When they can ._:.. ..__w,. are
ettieved s entities separate and distinct from the anchoring idea,

St e forgotten,

>:,.._.—:._ —:.:.
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learned. In fact, ez w\a 1961; Ausubel & Youssef, 1963) prex 4 and stable
- > 1:\.».“0—.9 ’ 4 : ~COCQ uQ organized a
Ausubel & carners already possessed org ‘
- X >. When learners ) ) iferonse in whiat
that this wa za.:wni however, such materials made no differenc
cognitive structures, subel & Fitzgerald, 1961). o
m_mw they learned A>:v:an WM__MNN 978) provided evidence of a a_mm_nm:wwMM
or, Perkins, and Ko Sl ization influences lear .
wOan>w%mccm_.m claim that nom:_»_Wm_ nw.mmﬂﬁﬂm_ﬂww the name of a ficti-
to suppo 5 to read, labeled wi X tudy-
ents passages to , dolf Hitler). After study
They gave studen famous person (e.g., Ado s
. he name of a famous p i ther the sentence
e £ vmq.mwz oq%_.o: students rated sentences as to RMM before). Subjects’
s %m_nw::omaB?oB m_..m passage) or new (ie., :m<Mﬂmw\ read was ostensibly
were 0O €., . hen the passage ‘ . hich to
. uite accurate w ine information into whic
judgments o Having no anchoring in s Teaiiad i
about a fictitious person. information, students essentially it
: e the new inform e . about Adolf Hi
amme:m?w_w m.”wmﬂﬂm: they thought the _:aiﬁ_o:mﬁm, Hitler to which
e ideas by _aom:q._mam typically had prior knowle mm: ded to misidentify as
ler, however, le w ideas. As a result, 5.8\ e lated to Hitler. such
ey could mﬁmnﬂ:ﬁmﬁﬂﬂm new but were thematically relate
“old” sentences tha P ,
“He hated and @mﬁmmnr—ﬁmm the Jews. ) hen, learners of all sorts must
- dy for learning new material, t ) tructure. Ausubel ac-
Tobe n%m w\:om.ﬁwEm and organized cognitive mnmNQEmmm that are im-
possess a relevant, ’ itional influences on s
o additiona : ong learners,
snowledged, rmﬁm,ﬁﬂ\mﬂfﬁ has to do with age differences among
ortant to mention. . learners. o .
w:m the second concerns n:_ﬁcaﬂ__ﬂm_u/%nmmrm cognitive organization OM MMM
i bel et al. ‘ . ining fewer abstrac -
g >.n 8&5@.8_ >MM.H_: that of adults in nobnmﬁ_ﬂm:?m-:o%m&m_ than
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::vo:m:r Ascertain the cognitive m:‘mﬁnﬂmﬁma\m:\ is discussed next.
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Meaningful Learning as Assimilation
to Schema

Although :?ﬁcw&W thinking about the role of abstract know]
tures in learning from text generally was on the right qmnr@ edge stry.
Spiro, and Anderson (1978, p. 439) found the theory of meani /" Andersop,
vague and inconclusive. They claimed that schema the g Km::.:m
sion to Ausubel’s ideas. o1y could bring preg;
Most modern cognitive concepti
: . ptions of schema harken
:o.ﬁ. In a study investigating the nature of rememberi pack to Bare
period of time, Bartlett used the t ering over a long
enting attitude that m. erm schema to mean an organizing and ori
found that his w:_w.ﬁ S,ﬁo?mm mn:w\m organization of past experiences. m.)::m”ﬁ.
it coildber E_na recall of “War of the Ghosts” contained inaccuracies
ried that fhae H.S.Q_W\ related to their own interests and attitudes. He theo-
then, at Emmzv ﬂwwsmmmcmnn.mmwm:w schema for understanding the story, and
’ n N . ’
story Mrm: they had forgotten. SOCTGH I i acksemna dlesiits abionk fhe
usubel et al. (1978)
. . a . ’
ideas and Bartlett’s noti ) acknowledged a similarity between anchoring
sit ) ons of schema, but then they dismi /
on a5 being fundamentallv griro " en they dismissed Bartlett’s po-
Ceptually based, they ar M y different from Ausubel’s. Schemata are per-
58:..&& about the Rmmumﬂm:s%mﬁmmm anchoring ideas are cognitive. Bartlett
Hw& in the constryctiye zmz:n ..M. e of retention; Ausubel was ITe)
aa ﬂm_:w really not reconst :M, w :wﬂ:ﬁ. Ausubel et al. (1978) suggested
"Mmation that has ynder on cting original meanings, it is reproducing in-
- rsrg Anderson imm_ NMmSo:m_ reduction,
80t clarify Ausubepg g 78) suggested that the concept of schema
Proach, conce: I's theory they t P
g EVINg of sthema as y took a fundamentally cognitive 2"
match th U5/ 10 interpret i a generic characterization of things and
€ elements in the a:m;m cular situation in terms of a schema i '
, O i F . . :
schemata oy, ledge structyre >: with the generic characterizations in e
in slots op Emnm_,..o_azowrmn way to express this is to say :‘_.mn
won et 51 €rs that can be instantiated. .. with certal”
B ok o " HONW p- 434 .. i
! the Making v >9et how ; empbhasis in original).
schema, :S_E:mmc::m_.& Scenari sand GB’s knowledge about cooking
B schemg jg __.rasa can be reinterpreted in terms ﬁ.; 2
; N:m ve slots for details about cooki"&
Ypes of mixing could be employ€<

T&~ Utengil
mat v Ese g . : f.
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s them to incorrect expectations about what mayonnaise is made of and

lead
how it is made.

A Lesson on Democracy can also be interpreted in terms of schema the-
at is, the seventh graders in Mr. Amaya’s class are acquiring a govern-

hema that will eventually enable them to instantiate details about
0 Anderson et al. (1978), schema

ory. Th
ment SC

different types of governments. According t
theory enables one to predict learning from textual materials, because “the

schemata a person already possesses are a principal determiner of what will

be learned from a text” (p. 438).

Efforts Toward an Understanding of Schema

Notions about the nature and function of the schema developed from several

lines of research that were all focused on the impact of prior knowledge on
studies demonstrated that what is re-

at was understood to begin with. But

comprehension and memory. Many
hension and memory are driven by

membered is largely a function of wh

studies also revealed that both compre
meaning, or gist. Consider the following sentences, for example:

The house was in the valley.
The house was little.
The valley was green.
The house burned down.
If asked to read and later recall these sentences from memory, you are likely
“The little house in the green valley
. Rather than store sentences sepa-

to produce the following response:
t and store the gist of the

burned down” (Bransford & Franks, 1971)
rately in memory, it appears that learners construc
sentences together.

Likewise, learners comprehend and remember information better
when they can relate it to a familiar theme. For example, read the following

passage:
The procedure is actually quite simple. First you arrange items into &mmwmﬂ
groups. Of course one pile may be sufficient depending on how much there is
Ise due to lack of facilities that is the next

erdo things.

to do. If you have to go somewhere e
step; otherwise you are pretty well set. It is important not to ov
too many. In the short run

That is, it is better to do too few things at once than :
this may not seem important but complications can easily arise. A ::ma.rm can
be expensive as well. At first, the whole _uanmm_:m will seem complicated.
Soon, however, it will become just another facet of life. It is difficult to foresee
any end to the necessity for this task in the immediate future, but nr.m? one
never can tell. After the procedure is completed one arranges the B&m:&m into

ut into their appropriate places.

different groups again. Then they can be p
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Eventually they will be used once more and the whole cycle will then 5.,
be repeated. However, that is part of life, (Bransford, 1979, pp. :f:.& ave ty

None of the sentences in the above paragraph see
cult to understand, but together they do not make m
and Johnson (1972, 1973) and Dooling and Lachman (1971) found that wig,
out benefit of the theme, “washing clothes,” subjects had difficulty com r .
hending and remembering the Passage. Similar effects a]s have wmmﬂ
demonstrated with pictures providing the theme (Bransford & Johnson
1972), and Bransford (1979) argued that appropriate verbal w:cs;mamm nm:.
support the understanding of physical features of stimuli as well. For exam-
ple, the flat blades of a dressmaker’s shears might go unnoticed without the
knowledge that they enable cutting on a flat surface. Finally, new, themati.
cally consistent information is often falsely recognized as having been previ.
cﬁ:\ presented (Sulin & Uoc::@ 1974, Royer, Perkins, & Konold 1978)
This phenomenon was discussed earlier :
ngful learning. Recal] that
nwithin a related ¢

uch sense, mszmaa

in the chapter as providing evi-
learners are assumed to integrate

new informat; - ) . .
ke ognitive structure. ‘Remembering” infor-

mation that w

ke et as E*m:.oa, rather than actually experienced has also been
g aence of active brajn processes (National Research Council,
: Msmmmua a :.zr to research discussed in Chapter 8.
~Ina dition to gist and theme, the amount of
sessed by learners and the ‘

prior knowledge pos-
well oot can affect their interpretation and recall
h M mm ,::.: ability to solve problems. Chiesi and co-work-
ot aboers 7 Spilich et al, 1979) demonstrated that sub-
" Paseball were able to remember much more from
8ame. Similar)y, ing than were subjects who knew little about the
b) with ¢ Veh (1978) replicated the

g gy expert ch .

i °rt chess

i interests ¢
ers {Chies, Spilic
Jects who knew

ard. Finally, Anderson (1977) re-
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neighbors. But there was an c:m.x_umn?d :.:Q.Sm as well. When asked to
adopt the alternate perspective, without rereading the story, subjects remem-
bered information that they did not report the first time! How was this
notion of perspective to be explained in theories of memory? The m:mfﬁ to
this, and indeed the way to incorporate the results of all these studies of
prior knowledge, was found in schema theory.

The Nature of Schema

A schema is “a data structure for representing the generic concepts stored in
memory” (Rumelhart, 1980, p. 34). Schemata are packets of knowledge, and
schema theory is a theory of how these packets are represented and how that
representation facilitates the use of the knowledge in particular ways. Thus,
there are schemata “representing our knowledge about all concepts: those
underlying objects, situations, events, sequences of events, actions, .w:a se-
quences of actions” (Rumelhart, 1980, p. 34). To illustrate :z.%m various as-
pects of schemata, Rumelhart presented four different m:m_wmumm.

First, schemata are like plays, in that a schema has variables that can be
associated with different aspects of the environment, just as a play has n:mwmn‘
ters, settings, actions, and so forth. Suppose, for mow.ﬁ_@ that a playwright
has written a very simple play about beating egg wo:»m. in order to make may-
onnaise. There must be a person to do the beating, an _BEmEmE that person
will use, a container for the eggs, and an overall setting in :.T:.n:. :,,m. action
will occur. Rumelhart would argue that our schema for ommwvnﬁc:m is very
much like this description. And when the playwright mwwﬂrmm.iro ,.5: do
the _u@::m‘ what implement will be used, and s.:mww the .wnco: will take
Place, this amounts to the same process as schema instantiation. In other
Words, the schema variables take on specific values. Moreover, :S.mc values
are typically constrained. Onl vy certain tools are used to beat eggs, for exam-
ple, and mmr-gm:.:m generally takes place only in r_?.:n.:m. .

Schemata are like theories. Theories enable us to interpret events and
Phenomena surrounding us. To the extent that our 5.25_.”‘.,, ,.«c.l! ﬁ.?.,.,.‘m_v.c
allow us to make v?dmr,:o:u. about unobserved events. So it is S,E., ,rw:m.
M. “The total set of schemata instantiated at a particular moment in time
‘Onstitutes our internal model of the situation we face .:.:r: moment in
time” (Rumelhart, 1980, p. 37). In addition, schemata provide the 77.7. for
Making inferences about unobserved events. Consider the egg-beating event,
e ®Xample. If vou read a description of someone beating eggs that J”“, =
«M#ﬁ:c:ca what tool was being used, vour egg-beating schema would fill in
*at gap with the default value (cf. Minsky, 1975) for egg-beating _:%Am.,,.z_.ﬂi‘
Asked later what tool w as used to beat the eggs, vou are likely to reply, “Oh,
an g,

> . > t va >S5 are our mni-
88 beater, hand mixer something like that....” Default value
tal oy =
T RUeSseg for v

>+ F 1 ODS :,)w/m
ariables whose values have not vet been obs
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While plays and theories are passive, sche
mata are like procedures, such as computer pro
incoming information for the

mata are active
grams. ﬁrmv\ acti

le, the egg-beating schema undo
how long to beat for given purpo
s actions in a given situation ha
ta are like parsers, in that they b
on to fit appropriate schema stry
active in influencing how people interpret events
ave also been conceived as mental models. Menty)
not only represent one’s knowledge about specific
clude perceptions of task demands and task perfor-

such as these that direct one’
called scripts. Finally, schema
organize incoming informati

reak down and
Because schemata are
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Norman (1983
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o] i t accurate for all ca

| he model is no

 Note that t

egisters.
i ly one press of the clear button to clear all reg
n

require O

m%mBm-Wmmmn Processing

. 5 ion pro-
r mental models function to Em.cm:nm FM_MMMHHWQ Mza
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; in the face of
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Business had been mo% Suddenly the door opened and mﬁimoﬁ e
e m_mmﬂ:n mnv\”d: mmo_‘ John put on his friendliest and m
tered the showroc ;
mn_c: and walked toward the man. (p. 43)

; appear to invoke and evaluate mnrm“:wm Mwa
S leneg by-geniphan & e mww._: to account for the available M,wrru. ] .
their relevance to the story and N 1 Mﬂma with the first sentence, Er_.n mw m._
for example, a business mnrﬁdm Wwwm sold. Encountering the Ena .lﬁ:ﬁm S
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“That's his bedroom,” Holmes whispered. “This ¢
1 . 8
the study. It would suit us best, but it is bolted as wel] as WOMWMMm:m Straight Intg
make too much noise getting in. Come round here. There’s and wesh
opens into the drawing room.”
d,‘m place 1,&,§ra~ but Holmes removed a circle of
the key from :ﬁ inside. An instant afterwards he had closed
us, and we had become felons in the eves of the |
conservatory and the rich, choking mmmmqm:nn of i
Y2 ; ~, > of exotic plant ;
%_,E% I.MWE& my :Ea in the darkness and led Emﬂiw:w_ ﬁcohﬂcvm by %,
rubs which brushed against our faces, Holmes had R.Bmﬂrmc_v\m wOﬂhmMﬂ_@ .
, Care-

.:: holding my hand in one of his, he
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@ greenhoyge

1 .
Nich

Blass and typ,

the door beh
aw. The thick, Warm air of wﬂm

sage. We passed alo, -and I understood that I was in a pas-
sed g 1t, and Hol > P
right-hand side mcazrsm Emrmﬂusnm%m:w gently opened a door upon the

tus and my heart sprang i /
: g into my
ughed when | realized that it was the cat. A fire was

v__osé_“_ the entrance to hig vma_.%o”s Ptudy and a portiere at the farther side
Was a good fire, 2 .
the gleam of an, »and the room wag illuminated by i aw
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suggests two conclusions. (1) There appear to be different levels of compre-
hension, perhaps governed by task requirements. Reading for pleasure may
result in only partial representations of passage information. (2) In order to
make the required inference about Holmes' and Watson’s direction, one
must construct a mental model of the spatial layout. (The solution, by the
way, can be found at the end of the chapter.) :

Understanding Events and Guiding Actions. Schemata also guide human
actions as people find themselves in situations in which they must interpret
what is going on and respond appropriately. Schank and Abelson (1975, 1977)
investigated what they termed the “restaurant script,” or what people know
about restaurants and how to behave in them.

The restaurant script contains information about what it is like to go to
a restaurant. There are roles to be filled (customer, waiter/waitress, cashier),
certain props (such as table, menu, food, check, or tip), and certain activities
(sitting down, ordering, paying the bill, tipping, and so on). This general
script is also likely to vary depending upon the type and location of the res-
taurant. For example, fast-food restaurants differ in predictable ways from
five-star restaurants, and restaurant customs in the West are likely to differ
from those of other cultures.

Several studies (e.g., Anderson, Spiro, & Anderson, 1978; Bower, Black,
& Turner, 1979) demonstrated that such a restaurant script served as the con-
text for understanding and remembering information from stories taking
place in restaurants. Subjects used their general knowledge about restau-
rants to comprehend particular events described in the stories. But now con-
sider a story such as the following:

Jim went to the restaurant and asked to be seated in the gallery. He was told
that there would be a one-half hour wait. Forty minutes later, the applause for
his song indicated that he could proceed with the preparation. Twenty guests
had ordered his favorite, a cheese souffle. (Bransford, 1979, p. 184)

Because this story violates your general restaurant script, there seems .8 be
Something wrong with it. Bransford (1979) made two points with this illus-
Tation. First, the fact that schema violations impede comprehension and
Memory argues for the very existence of knowledge structures like sche-
nata. Second, suppose you subsequently learn that Jim went to a very spe-
cal type of restaurant, where customers who can cook are allowed to
compete for the honor of preparing their specialties for other n:,ﬁo.anm. The
H.nM Mpetition involves the customer entertaining the crowd, by E:mSm\ danc-

& or whatever. Now, the target passage probably makes more sense when
WM”“ féread it. But Bransford contended that you must rm,z.-m a mm:w_.m_ ﬂwmﬂu”ﬁ
ing schema in the first place in order to construct 2 modified one in which tc

Orporate thig story.
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Evidence for schema-based processing comes from anoth
well. Elizabeth Loftus and her colleagues conducted 4 series of m%.. S0
ining eyewitness memory (see Loftus, 1979, for a review). The :a.:m
dure followed in these studies was to show subjects 5 videota mJ\an
automobile accident and then to ask them questions mvoc%Eﬂmm
membered seeing. The type of question had significant impy; at
call. In one study (Loftus & Palmer, 1974), for example mﬁma cation
film of an auto accident and were asked either, =>vocm ho mmﬂ sy
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aspects of the vnoE.m.B at hand (Margolis, 1987). Novices, on the other hand,
do not possess sufficiently elaborated mental models of the subject matter to
permit such :.,;m_‘m:nmm. ,.;mw are no:\m.mmr_m::w forced to apply more general
_uaoc_mﬂ_-mo_ﬁnm mﬁnmﬁmm_.mm (such as, “Break the problem into its component
parts”) that lack both efficiency and power in solving specific problems.

The impact of schemata on problem solving can be quite dramatic. In a
series of investigations on a logical problem known as the “four-card selec-
tion task,” researchers repeatedly demonstrated that few people could solve
the problem when it was presented in an abstract fashion. For instance, only
4 percent of subjects correctly determined which cards to turn over when
presented with the rule, “If a label has a vowel on one side, then it has an
odd number on the other” (Wason, 1968). However, when the same logical
problem was put into a familiar context (e.g., “Every time I go to Manchester,
I travel by train”), more than 60 percent of the subjects selected the correct
cards (Wason & Shapiro, 1971).

D’Andrade (cited in Rumelhart, 1980; Rumelhart & Norman, 1981;
D’Andrade, 1995) suggested that the familiar context enabled subjects to
access an appropriate mental model for solving the problem. He told partic-
ipants they were to imagine themselves as quality control experts in a label-
making factory, and their task was to determine whether labels were incor-
rectly constructed. A label was correctly constructed if, when there was a
vowel on one side of the label, there was an odd number on the other side.
Only 13 percent of the subjects were able to appropriately apply this rule.
But then D’Andrade had subjects imagine themselves as store managers in-
specting store receipts with the rule, if any purchase exceeds $30, the signa-
ture of the store manager must be on the back of the receipt.

Most people have probably experienced situations such as that de-
scribed in the store scenario, so that they would have developed schemata
related to the checking of receipts by store managers. Checking labels at 2
_ﬁmﬂcd._ on the other hand, is probably unfamiliar to most people, which
means they would have to rely upon general problem-solving logic to come
Up with the correct solution.

Schema Acquisition and Modification

AT & . . . . - b s » -
"*hat about learning, then? How does experience contribute to the perma-
fent modification of schemata? Three different processes have been proposed

Y account for
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d and brought to bear on the reading task. Similarly, in problem solving,
P ers. ho already possess an automated schema or mental model have
e om: capacity in working memory to apply that mnrmB.m toward
o o om histicated problems. An important question, then, is how to
mo_.ﬁ:m Eﬂ% moMm:.:nmo: and automation of schemata that are useful for
@Q_wgﬁm ﬁ m_ ; of interest (Sweller, van Merrienboer, & Paas, 1998). .
e nq_mw m“ﬂ Merrienboer, and Paas contend that the general m:ﬁmmﬁm
most _mm«w\w:m_,w use to solve problems s;éwn .ﬁrmw %Mﬁ%ﬂ%mwﬂﬂm M” anvﬂﬂwm -

in, . ,

" mnr.mBm vﬂn MMNMWENMJWMMNMM:MOnMBWo:m:" parts) are only vm:.ﬁrmﬂ
mﬂmnwmm_ﬁmm%ﬂm ~mwam:m. The desired learning goal is mmq__mﬂaﬂw.waﬂw %M:WOQM.M
; i model tha
m:M .m:»oz._mﬁm Smm mﬂwmmwﬂ_w Mmo mMM_ memﬂ.. ﬂ%“wmoh@ ims,:.n:o:& strategies
eiabe n_mmmrw n%mn reduce extraneous cognitive load but increase mmE.MMM
mro:E. vm_m oMmAmSm:mn van Merrienboer, & Paas, 3@@.. Germane .n%mm: ve
_anm% Mhm“\mmﬁ% M_o with Bm_a:m sure that _mmn:m_.ﬂ m:Mmm*M o_“ ﬁm%mmm“u “\me:n
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M”mwwm”ﬁhwﬂﬁ“:mm:_ learning and schema construction is discussed n

_Smaﬁ.:.wﬂi Learning, Schema Theory,
and Instruction

: have in common
when it comes to implications for instruction’ mﬂ_u _v“; nno the learniing situa-
an enormous role in both theories. What A_mmqﬂm;s\w M.c:._ i fersms s
tion dictates to a large extent what they s::. fake ,mn :nME.m or details elaborat-
r::s\_caxa,lno:nm?m added to their cognitive vM. ahuetiomal materiale are
ing schemata. But the content and cﬁw:iw:_o_: O:M_.v e potentially meaning-
also important in both perspectives. Km?..:m m . easily made between new
ful to learners, organized so that connections are nclude this chapter, then,
information and that which is m~namn_<.r:ce<=. To nmc: learning and schema
let us consider implications of Brymézm?_ ?.n.mme knowledge in new situa-
theory for activating prior r:oi_mame..‘ using pr ot
tions, ang making instructional materials meaning

>n:<mm:m Prior Knowledge
Most Je
to styq
r:cE a
Prior k

. ked
opic they are as
arners m:ém&% know something about m:vﬁsmu woﬂimmn what they
Y, or ,.rm can make meaningful Q.s:mn:o:.._, ossessing relevant
nd what wpc% are being asked to learn. I,.u_,_}wnn,mmne,%m and use it appro-
S Wi 4 for
is ntee that learners eriments,
:oiwn“m% is :Mu mmmqw: many conventional _.:mﬂoqﬂ Mwmnrmn Pyl
as been . . & S
at participants tend to view information they

Priately, 1 1,
“Xample, tp,

ST L ol LR
e IR ;




W,‘mfn?thw fh“rfmmu.u-. sid K fwd? ERSARIE 5w <2 REER e DAL satifre el gl U

Yy

3

138 PART Il ¢ Learning and Cognition

as separate and distinct from their prior r:os._mamm (Spiro 1977
adopt an experiment set, which means that they approach ﬁrm\ learn
terial in a rote fashion and fail to assimilate the information int
prior knowledge. Unfortunately, all too often learners tend to M Felated
learning tasks in much the same way, regardless of whether they h v?o%:
knowledge to apply to the task. I have seen this happen in :M oty e
courses in 2:._9 former teachers fail to use what they know mvowﬂﬂmamm ,
to help Ema in Hmm_..a:m m_...uoE formal theories of learning and m:chwm e
mro:__% mzﬁ Hm”ﬂnao:%_ situation, then, the activation of prior r:oi_mﬂ_m.m
not be lett to chance. To assure that meaningful | i
smit ; , grul learning takes place,
el m”w w.“_ﬂ wﬂwwmwnmﬁ employ M variety of strategies to help _m%:ma
: ge to new information the t i i
these connections is what A Y are to acquire. Making
: ubel referred i i :
ton, and he proposed the r— red to as the first function of instruc-

«.. ...
(Nusioc, 1963, 1968; Ausubel et 1078 oo PUShing

)- They
INg ma.

Advance Orggni

ductory BmMzM_qum.a w%ﬁanm organizers are relevant and inclusive intro-
to “bridge the mm%wm“.&mmmﬂ_: ﬂ%m:nm of the learning materials, that serve
needs to know before he what the learner already knows and what he

CHAPTER 4 ¢ Meaningful Learning and Schema Theory 139

that would activate existing subsumers. In the absence of analyses of the
Jearners’ cognitive structures and the concepts to be learned, Ausubel et al.
(1978) argued, it is unlikely that an appropriate organizer could be con-
structed. Moreover, if criterion tests are either too easy or too hard, or if they
are designed to measure verbatim recall, then no organizer effects should be
mx_omnwmm.

A more serious criticism of advance organizers is that their definition is
vague (Hartley & Davies, 1976). If researchers operationalize the concept of
advance organizers in different ways, then it should come as no surprise that
their results do not agree. Ausubel et al. (1978) countered this criticism by
pointing to the volume of space in an earlier work (Ausubel, 1968) devoted
to the “nature and definition of an organizer and how it affects information
processing” (p. 175).

Focusing on the conditions under which advance organizers might be
expected to facilitate learning, Mayer (1979) reported the results of a set of
experiments he conducted to test the claims and criticisms regarding ad-
vance organizers. From his results, Mayer suggested that advance organizers
should exhibit the following characteristics:

al., 1978, pp. 171-172) sm.m: ”,mm:_:ﬁ::w learn the task at hand” (Ausubel et 1. Have a short set of verbal or visual information,

sented at 3 higher _m<.m_ of :_u i w_. (1978) also stated, “organizers are pre- 2. Be presented prior to learning of a larger body of to-be-learned infor-
New material to pe _mm_.:maw straction, generality and inclusiveness than the mation,

thing, learners are likely :A? 171). Consider why this might be so. For oné 3. Contain no specific content from the to-be-learned information,

and while jt might be Wmmwn wﬂm somewhat idiosyncratic cognitive structures 4. Provide a means of generating the logical relationships among the ele-
ﬂmé learner to meey their H:m to construct advance organizers for each and ments in the to-be-learned information, and

US, Organizers should pe w_ncm needs, that is not a very practical strategy

o

lea ffici Influence the learner’s encoding process. The manner in which an or-

QMMW In addition, RBE«&M clently general to function for a variety of ganizer influences encoding may serve either of two functions: to pro-

ers Eonwu wﬁno:n%_u of mn:wa”.u Ausubel’s call for using the most inclusive vide a new general organization as an assimilative context that would
s Cl Z.Nnﬁ D:Q. . i

.;m effecti
. ec
tention of fiveness of aq

erb Vance organi . . .
ature, by ; Al materja ganizers for enhancing learning and re

not have normally been present or to activate a general organization
from the learner’s existing knowledge that would not have normally
been used to assimilate the new material. (Mayer, 1979, p. 382)

Studieg IN spite of no:qma.w > Subject of great debate in the research lite” Mayer (1979) went on to suggest that further research is required to

\ 1963, xmrm Ausubel, 1960 MSJ. findings, the concept has persisted. S0 determine what analogies, images, and examples in various subject matters

| effects of ..a% Nova, 1971, EJM:W& & Fitzgeralg, Smﬂ. >=mw_u£ & Youssef May best serve as effective advance organizers. In order for advance orga-

w, Mzm eff ance Qmmawmw,w o:wmﬂ .m.m:mrmg. 1976) ncm_m::mm the positivé Nizers to work with particular students as well, they should probably be
m.m. A T S T

Mw:mgnnmn by the teacher or instructional designer who has mﬁm&.mm
©Wledge about what the learners already know. Mayer concluded wit

3 th . ] . )
. Hartley wmm..mwmmwnr reviews conducted by Bam® mmmm»_ﬁ.o:oi_:m checklist for producing organizers to be used in qﬂmmmmrmmm Mm
Davies (1976) pointed to even more pl Sﬁmh‘mﬁ organizers that generate a yes for each question s ou
rther:

L Does the organizer allow one to generate all or some of the logical rela-

ao:mgﬁm in the to-be-learned material?
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2. Does the organizer provide a means of
familiar, existing knowledge?

3. Is the organizer learnable, i.e.
quire and use?

4. Would the learner fail to normally use an organizi
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gox 4.1 » Advance Organizer for a Lesson on the
Government of the United Kingdom

Assume that Mr. Amaya’s class from the Lesson on Democracy scenario has
now completed their lesson on the democratic government of the United
States. As a part of that unit, they eventually discussed the three branches of
government—executive, legislative, and judicial. In the following advance or-
ganizer, these branches are mentioned as a bridge to the next unit on the gov-
ernment of the United Kingdom

In our unit on the US. government we learned that there are three
branches in the federal government: the executive, the legislative and the judi-
cial. The primary function of the legislative branch, the Congress, is the passage
of laws, whereas the major task of the judicial branch is the protection of citi-
zens' rights under the national Constitution. In this next unit on the United
Kingdom, we will learn that there are also these three branches: executive, leg-
islative, and judicial, with similar functions.

(From West, Farmer, & Wolff, 1991, p. 116.)

be true not only for subject matter content but for the structure of the text as
well. Many stories in Western culture, for example, share a common abstract
structure, which includes an initial setting, adventures of a main character,
and resolution of some problem that faces the main character. This story gram-
mar or narrative schema guides both comprehension and later recall of story
events (Kintsch, 1976, 1977; van Dijk & Kintsch, 1983; Rumelhart, 1975; Man-
dler, Johnson, & Deforest, 1976). . .

People may also develop schemata to guide their understanding of sci-
entific or technical articles (Bransford, 1979; cf. Brooks & Dansereau, 1983).
Most of the research articles cited in this book follow a standard wnrm.n:m_ E-
troduction to the problem under study, method used to conduct the investi-
Bation, results, and discussion. Other basic text structures can include simple
listing, comparison/contrast, temporal sequence, cause/ effect, and problem/
solution (Armbruster, 1986, p. 255). Finally, different schemata may be devel-
oped for various literature genre—newspaper stories, detective fiction, etc. .

In Chapter 3, the recommendation was made to signal a text’s organi-
Zation to readers. Not only should this help readers pay more attention to
IMportant information, but it also provides a foundation for more effective
m:no&:w. On the basis of schema theory, this recommendation must be woq._._
dualified ang expanded. Instructors should alert students to the schematic
Slructures of text materials in order to facilitate their Hmmad:._m\ especially
_N—Mﬂz the subject matter is unfamiliar. Poor readers, in vml_nnn_mm.mmqn%nﬁ mMﬂm
the %”mqgm of what they read if they are taught to focus on

“t{Varnhagen & Goldman, 1986).
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BOX 4.2 » An Advance Organizer for Theories of Learni
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BEHAVIORISM: The black box metaphor

Environmental
stimuli l ' Observed
wmrmSoma

INFORMATION PR
OCESSING: The
: computer met
- etaphor

stimulation

Human
cognitive
processes

Output:

'I-v Learned

capabilities

r _.\<:.: the idea of a black box, in
, m_S__m..? the operation of a com-

n serv i
n ¢ to introduce the major concepts of
Processing.

Author,
t V(a) orpan:,: S can he]
he basic foy mSMmM_N_:m the text P “ders access the appropriate textudl

b

00k usj ¢
'S and /or SIng conventional text structures—

ore
el mmmE.m- Or content-specific text stru¢
PPropriate, and (b) clearly signaling

hich certain types of signals ap"
r_: types of text structures. For &
€wise) can be useful in signalind

_urmmmwm

ns ( Ng certa

c.m: m_mO\ _~

980; Sweller, Mawer, & Ward,
the ap.. vao,.ammmm & Tsai, 1987). Sweller (1989)
mvvwoa fapid and relatively effort”

OPriate schema or in the €%

Ar...v o

CHAPTER 4 » Meaningful Learning and Schema Theory 143

of incorrect classification of a problem, however, an inappropriate schema

will be used instead.
This suggests that students should be taught and provided practice in

recognizing and Hm_unmmm:gm problem types. rms:m.. (1989), for example,
taught students a diagramming method for representing compare problems
in arithmetic. Fuson and Willis (1989) demonstrated that classroom teachers
could successfully teach children to use schematic drawings to represent the
structure of addition and subtraction problems. In both instances, the repre-
sentational strategy benefited students in conceptualizing and solving a va-
riety of problems.
An issue in problem-solving instruction as well is to manage cognitive
load. That is, learners will be better able to construct and automate an appro-
priate schema or mental model for a particular class of problems when the
instruction minimizes extraneous cognitive load but increases germane cog-
nitive load. For example, goal-free problems focus learners on relevant prob-
lem states rather than the gap between the current state and the desired
state. A goal-free problem asks learners to approach solving a problem by
“calculating as many variables as you can” rather than “finding the value of
x,” which is the ultimate solution to the problem. Other strategies for manag-
ing cognitive load in problem-solving tasks include providing worked ex-
amples and partially completed problems that learners must elaborate or
finish solving (Sweller, van Merrienboer, & Paas, 1998).
. Finally, because social behavior and cultural knowledge can be framed
in terms of schemata (e.g., Harris, Schoen, & Lee, 1986), it makes sense to
consider how schema signals cue appropriate (or inappropriate) behavior in
instructional situations. One of my doctoral graduates from Taiwan, for ex-
M”w_m. moc:.a his schema for multiple-choice tests to be inappropriate for
o:mﬂmmﬂmma in the C:%m& mg:.mm. He was accustomed to mm_mngm more %wd
mnmm:mwo:mn on .B:_:Em-.nro_nm items and did not realize, on his first ﬂmmw. in
ored no_.wmmn ool in the United States, that oz_.w.osm answer EocE be nozmﬁ-
sl ct. Zum.m&mmm to say, he quickly u..,om_?ma that schema. Given our in-
Sﬁmgmm W::wc Un.:::aw_ society and Em En_,mmmm& &ma.:m:am for training in
mata learn mm settings, it is mnocmv:\ wise to keep in mind the cultural sche-
s may bring to instruction.

Makj .
aking Instructional Materials Meaningful

Wh
nozwm:m Mﬂﬁum encounter instruction that makes no sense to them, m.n be-
way to juq mﬁOﬂm_Em task to call upon prior _.Sos.umam@ because there is no
tially Bmm:m: sm.. mw r:oi_mﬂmm will be relevant. According to Ausubel, poten-
they wi)) » gful E@«Bmuoz must be made understandable to learners or
_:m::n:o:vﬂ.dmnr ﬁ in a rote fashion. He claimed that the second function of
Schema ¢, as to improve the discriminability among concepts. Likewise,
corists looked for ways to represent the content and structure of

P
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information so that learners could more easily a_.,éc_Cﬁ appropriae sche
mata and mental models.

Comparative Organizers and Elaboration. Ausubel (
common practice of textbook writers to compartment
separate chapters without exploring their rel
claimed, is “incalculable cognitive strain
learner. Students may not see,
substance from what they alre
formation as unimport
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1963)  deplore
alize ide
ationships,
and confusion”
for example, how n
ady know, causing th
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result in behavior increase (
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a8 Or topics ing,
The result, he
on the part of he
€W propositions differ i,
em to dismiss the new in-
see inherent similarities of
g material itself. In this case, mis-

avior management that you
arities among principles that
e.8., positive reinforcement, Premack principle),
; sult in behavior decrease (e.g., punishment, extinc-
tion), these principles can be easily confused. Moreover, many learners expe-
rience confusion with negative reinforcement, which sounds like an

czwa.c_d:.;m concept negative is closely associated in everyday life with
aversive events, which Seems to connote

.. punishment, whereas reinforce-
ment positively influences behavior,
To help make similar
gested the COmparative o
cally comparin
generator
_:,cs&:m 0
miliar, ang

no:nmvaaowo mmmzv\&mnl_ﬂh:mzm\>:m:¢¢_m:m.
Tganizer, which provides a means for systemati-
o conirasting concepts. The concept tree and rational set
ePicted in Chapter 3 ape examples of comparative organizers.
"8ANIZers to learners jg One means of facilitating learning of unfa-
WMS:EE confusable, information (e.g., Ausubel & Fitzgerald,

& Youssef, 1963), but so is having learners generate them

might Egﬂwﬁrw b shown in Figure 4 7 (West et al., 1991). Mr. Amay?
To enhance .:mpMM”,. pecially useful in his lesson on democracy.

lity and clarity of
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d; students are learning what the different functions of government
i ..: t differences there are among types of governments. By contrast,
are E.i s iples of cooking might involve theoretical understanding, for
p— n:ﬁp Mmmz:m eggs and oil together results in a creamy consistency.
a,xm”_ﬂﬂhﬁ wﬂmoa\ provides specific guidelines for making instructional de-
M__.,.,_c”u about scope and sequence.

ceptual and Pedagogical Models. >nnoa_.=m.8 schema Emoam.? ﬁ.rm
o wn“s: of conceptual and pedagogical models is a means of Bﬂcsm __:-
wzw,mmo:m_ materials meaningful and helping learners access and refine rele-
str
vant schemata and mental models.

As designers, it is our duty to develop systems and instructional Em.ﬂi_m mim”
s : Is. As teachers, it i
i t, useable mental models

aid users to develop more coherent, nent 4

w,_: duty to develop conceptual models that will aid the learner to develop a

equate and appropriate mental models. (Norman, 1982, p. 14)

Conceptual models are any of the models invented by ﬁmmmrmnﬂ %%M%MQP
scientists, or engineers to help make some target system unders 3 Geslgucts
Before instruction even takes place, ros&ﬁv »mmnrmw.m MM:nmo:m_ o
should identify the mental models that learners g.._:m. to the in iy
uation (Glaser, 1984; Gagné & Glaser, 1987). m»:n:.mm in Ed\m_.nm._ T e &
have shown that many learners have naive theories of vru\m\wsa Mamo: ool
(e.g., Lewis, Stern, & Linn, 1993; Champagne, Zn.%mmn & An e n\o 1980
McCloskey, Caramazza, & Green, 1980). Such naive theories may

Executive Legislative Judicial

Description of
function

—_—

United States

Great Britain

'/"’”

i Government
FIGURE 4 A Comparative Organizer, or Frame, for a Unit on
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contradictory, erroneous, or unnecessary concepts wi

ing and problem solving become &En:ﬁ and %mmmmmmmwmrm =
~ Tracking the development of learners” menta] anm.w t

Ms.o: from novice to expert can be a means for determinj

in instruction should be taken (Gagné & Glaser 1987) H:

study, n.maw (1985a) documented changes in n?._anm:\.m .

5.@ gained domain-specific knowledge about Eo_ommnquﬂwmv
Nﬂ%ﬂ%ﬁ:ﬂﬁa no\.io%mnw (Siegler & Klahr, 1982; Siegler & wwnwm&
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model). For example, Anderson (cited in Collins & Stevens, 1983) assisted
learners in formulating models of what geographic factors affect average
temperature by getting them to form and test hypotheses about the locations
and temperatures of specific places. In addition, diSessa (1982), Champagne
etal. (1982), and Lewis et al. (1993) have designed computer simulations that
allow physics students to explore the implications of their own theories and
compare these results to the predictions of other theories.

Finally, mental models may be explicitly taught to facilitate perfor-
mance (Gagné & Glaser, 1987). These conceptual models provide an impor-
tant supplement to teaching strategies. “We have found that students make
up their own conceptualizations anyway, and if we don’t give them guid-
ance, their models can be bizarre and difficult to overcome” (Norman, 1982,
p. 108). Choosing an appropriate conceptual model to use in instruction,
however, can be a difficult task. In studies of how computer-ignorant stu-
dents learned to use a text editor, Norman and his colleagues faced a choice
between providing an incomplete model or spending a great deal of time
conveying a complete model. They found their way out of this dilemma by
providing different conceptual models at different points in the instruction,
each designed to elucidate a different aspect of the editor (Norman, 1982).

For pedagogical or conceptual models to effectively facilitate learning,
they should meet three basic criteria: learnability, functionality, and usability
(Norman, 1983). A good model is easy to learn, most likely drawing upon E-
formation that is highly familiar to learners. A good model is ?:Q,_o:m_. in
that it corresponds to important aspects of the target system it is am.m_m:n,.@ to
clarify. For example, the components making up a system might be identified
as well as how these components function together to enable the system to
operate (Mayer & Gallini, 1990). A good pedagogical model may not neces-
sarily be a complete model, in the sense of representing all important aspects
of the target. If this is the case, then several models may be required to fully
conceptualize the desired information, and learners should be told that cn._n:
one is not a perfect representation of the system being learned (Jones, 1988).
Finally, a good model is easily used, given the limitations of the human infor-
Mation-processing system. Again, this argues for a series of ._q.»,.,:,n_n.:.
models over a complete one that taxes learners’ processing capabilities.

Acquisition of a mental model might not be enough for true :3,..#.7.
Standing, however. “To plan, predict, invent, or otherwise make x::r.* use ch
© Mental representation, one must not just have it, but operate f,.: .M/m,‘
whﬁ_,cxd it” (Perkins & Unger, 1999, p. 97). .wcq 3:5:2: EM,um“MMM_M.,wLM cx_..
::miézc:m punetlcrisof govemmantias e o8 :.w:r:_::,n.q sretation of a
Supre ¢xm€v"cm, But can they offer ,_:L defend _: 4 z__cE._:.; ' their
o me Court ruling or elaborate connections of the case
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To help learners develop the ability to un

about a ".o?p 1_2..53 and Unger (1999) mm\mmmm_ﬂmaaMMHHMMmo_. think flexipy,
demanding activities or performances of understanding. “ >< rales though
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o .5. expan .mz:: @am_.m»m:&:m further” (p. 97). S0 ammm, ¢
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e had a cholera shot”). Cheng et al. (1986) explained their findings in
ms of a permission schema, which has a limited range of transfer.

Price and Driscoll (1997) concluded, however, that schema theory may
pe more limited in its ability to account for such results than Cheng et al. (1986)
pelieved. They :%znmﬁmm D’Andrade’s study with two modifications. Some
subjects had practice in solving the problem in the familiar scenario before en-
countering the same problem in an unfamiliar scenario, and some subjects
were Eoimmm feedback after the first problem to help them abstract the prob-
lem schema. Although feedback eliminated one of the errors subjects com-
monly make, neither intervention improved problem-solving performance.

Results such as these contribute to the ongoing debate as to whether
transfer is highly limited in scope or whether it is broad and ranges across
diverse domains. Whichever is the case, it should not be left to chance (Price
& Driscoll, 1997). Rather, it is probably worth the effort of a teacher or de-
signer to consider just what sort of transfer is desired and take steps to in-
dude instructional conditions that will effectively support it. In Chapter 5,
situated cognition theory is explored as a promising approach to facilitating
knowledge transfer.

hav

teri

Conclusion

The question of how knowledge is acquired, represen ted, accessed, and used
is a complex one, for which there are no easy answers. This chapter has pre-
sented several contemporary approaches to knowledge representation for
learning, thinking, and problem solving that provide insights beyond those
of cognitive information-processing theory. But they, along with this chapter,
have only scratched the surface.

The solution to the riddle of Holmes and Watson is that they must have walked
along the veranda from right to left. After they broke into the house round the
corner from one end of the veranda, they passed through various rooms and
along a corridor, and then they turned right into Milverton’s study and saw a
door that communicated with the veranda. (Johnson-Laird, 1983, p- 166)

ma\.\m ma and Meaningful Reception Learning
in ngﬂ.ﬂ and the Nm%rb&ﬂ&:

”.”__;_”..J._ had little to say about learning of motor ﬁr__._.: so his theory 9...}
ing ,TM..A_.A:E well for aspects of Kermit's learning that involve actually play-
Music t} eys to produce a sound. However, the n::n.‘.v:_m_ W::S\_miﬁn about

1at goes along with the ability to play is subject to analysis from the




o

MUSIC

l l

Representation Interpretatiqy,
Scales l l
!
Minor Stla; Notes Rests Tempo Rhythm LOUdness
Major

Lines Spaces

Names Values

FIGURE 4.8

perspective of Ausubel’s theory. For instance, Kermit might. havg de\'elope.q
a cognitive structure like the one in Figure 4.8 (please keep in mind that this
is not my area of expertise!).
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