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Consider these scenarios,

* A Tale of Two Readers

Sarah lives in a small rural communi
county’s adult literacy program. She
words. The selection she has chose
about village life, and she is able to o

Rosemary decided to ,

ty and participates nightly in the
reads haltingly, sounding out unfamiliar
n to work on this week is a simple tale
to comprehend the gist of the text quite easily.
three children graduated %mc back to graduate school when the last of her
though her children had E.H. :ﬁ.r school and left home for college. Al
school assignments x..zc:r, their home desktop computer regularly for
her courses requi » Rosemary had never bothered to learn. Now, some of

: red access to the
modem, The salesp, ) the Internet, 5o she was forced to purchase a

ing i erson (and her class

and using it wag 4 simple her n__%vam?i assured her that hooking it up
\atter, Unfortunately, an operating problem sent

_H“_.aca, where she mzciﬁr.a to make
_.m_:_:ms._:ama n_.:m.. ary ..m_.um._mnmzo: for the local &m:k
4t 1S not ﬂlﬁ«n: <W& hnvaﬁmzwwr\. to ﬁ—‘_wwﬁmm_

Stwith your modem.”
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e The Mechanic and the Web Surfer

Marcy arrived to pick up her car, which ha s A
mechanic, Wes, explained the repairs that had %mWMm Mmeo%MMMM@ and her
routine oil service. One of the reasons Marcy liked this vm_]:n:_m” :w: to the
that Wes never talked down to her but took the time to explain M %mm E‘mm
Wrong with the car when it needed to be fixed. In this case, Wes said s%_w
steering damper and center link had to be adjusted, and the noise she rmm Te-
ﬁozmg was coming ?o:m worn bushings around the tie rod ends in the sus-
pension. Marcy nodded _:.::gmqmﬁms&:m. As she prepared to leave, she and
Wes chatted about an incident reported in the paper concerning a hacker
who had shut down the local Freenet. Wes mentioned that his wife enjoyed
using her account to e-mail friends and relatives all around the United
States. He, on the other hand, didnt quite understand how the Internet
worked and had become concerned after the hacker incident. Marcy, who
enjoyed Web surfing herself, stayed a few moments longer to give Wes a
basic lesson on the Internet.

Arriving at their respective homes that evening, Marcy and Wes had re-
markably similar conversations with their spouses. In response to his ques-
tion about her car, Marcy told her husband, “Oh, they fixed something on
the steering, and that squeak is being caused by some rod rubbing against
something or other. Nothing to worry about.” Her husband shook his head;
why did he even ask? To his wife, Wes said, “One of my customers today
told me all about computers and e-mail and that stuff.” “What about it?" his
wife wanted to know, but unfortunately, Wes couldn’t remember anything
more specific.

Before proceeding further, reflect momentarily on the behaviorist per-
spective discussed in the previous chapter. How might a behaviorist account
for the behaviors exhibited in these two scenarios? How is a complex behav-
ior such as reading acquired? Why did Marcy and Wes experience such diffi-
culty in recalling to their spouses what they had been told earlier in the day?
Questions similar to these pose problems for behaviorism. And m:rwzmr be-
haviorism had dominated American psychology for half a century, it was to
be supplanted by cognitive challenges.

Remember that the study of cognition was not new to vmwn:crv.mw.
Before radical behaviorism had gained such a stronghold on mmwnrc._amzm_
research and theory, Tolman used cognitive maps to mxﬁsi_ﬁcﬁcmzé be-
havior in rats, and Hull relied on a number of cognitive mediators between
stimulus and response. Paviov, as well, had introduced the concept of mrm
“second signal system” to account for language learning. é.wcsz i mc-
launched his theory of how inner speech functions as a .,_cm::;d EQ m.a, o
explicitly in reaction to American behaviorism. Moreover, Cc.im.: ﬂ;&\.n %:,5
Bists in Germany had proposed that organizational ﬁ:%mmwﬁws ﬂroww new
Were important to perception, learning, and problem solving. Whatwat
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Like the graditional cognitive Vi€

Overview of the Information-
Processing System

According to the cognitive information ?.Cnnw.mw:w view, the human learner
is conceived to be a processor of information in much the same way a com-
puter is. When learning occurs, information is input from the environment,
processed and stored in memory, and output in the form of some _mmq:m_a
capability. Adherents of the CIP model, like behaviorists, seek to mxw._ms
how the environment modifies human behavior. But unlike behaviorists,
they assume an intervening variable between environment and behavior.
That variable is the information processing system of the learner.

Most models of information processing can be traced to Atkinson and
Shiffrin (1968), who proposed a multistore, multistage theory of memory-
That is, from the time information is received by the processing system, I
undergoes a series of transformations until it can be permanently stored in

memory. This flow of information, as it is generally conceived, is shown!

Figure 3.1. Displayed in the figure are the three basic stages of the propose
memory system—sensory memory, short-term memory, and _o:m-ﬂmhw
ansier”

:Ehsw_.wl along with the processes assumed to be responsible for tr
i mmm _M%::m:o: from one stage to the next. Let us briefly conside
€ stages are and how they are believed to function.

r 5..394
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he Stages of Information Processing
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SENSORY
MEMORY WORKING
. MEMORY
SENSORY ailopton: - encoding || ONG-TERM
INPUT Visual pattern retrieval | MEMORY
recognition Rehearsal
E . Chunking

Y
RESPONSES

FIGURE 3.1 The Flow of Information as Generally Conceptualized
in Information-Processing Theory

match, which flares briefly and then goes out. In the split second after the
match has gone out, you retain a visual after-image of the room, which stays
with you just long enough for you to determine where the door or light switch
is located. There is a separate sensory memory corresponding with each of the
five senses, but all are assumed to operate in essentially the same way.
Working memory, also called short-term memory or short-term store
(Atkinson & Shiffrin, 1968, 1971), is the stage at which further processing is
carried out to make information ready for long-term storage or a response.
.O:mm:mzw a unitary construct, working memory is generally thought to have
independent processors for individual sensory modes (Baddeley, 1992).
<<.o~r§m memory has been likened to consciousness. When you are actively
.ESE:m about ideas and are therefore conscious of them, they are in work-
ing memory.
~ Working memory not only holds information for a limited amount of
Eﬂm. but also holds a limited amount of information. In other words, you can
think about only a few ideas at one time or read and understand relatively few
Phrases at once. With very long and complex sentences, for example, the
Mwﬂamm _.Sw typically forgotten the beginning of the sentence by the time the
: _% it is me:m.&. You can well imagine the effect on comprehension and
ecall that this limited capacity for keeping things in mind will have.
P Mrm _%.:m-nmz:.n_mgcnw represents a nmﬁ:m:m:.n storehouse of informa-
Ton.y . n.d; ing that is to be remembered for a long ﬂ:ﬁ Biﬂ be transferred
S, GHMED.: 6 long-term memory. Z%ocmr mo_.mm.ﬂgm is vrmsoamsc.:
B iraa e ma mxvm:m:nwa;?:a will be discussed in amﬁm.: later in the chapter), it
it s :mdm that once information has been ?Onmmmma into long-term memory,
il er truly lost. As for nm‘_ﬁmn:us despite the protests of many children,
o GB BmBOQ. cannot be filled up. As far as we know, long-term memory
pable of retaining an unlimited amount and variety of information.
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.aders to trace what may happen ac.i:m wmwﬁ.a:m. Sup-
from A Tale of Two zam i tence in the story she is reading: “Visitors to the
pose Sarah comes . 5.5 wmwgw beauty of its wide, azalea-lined avenues.”
i m_imvn m.wcwxm:w:&ﬁm Sarah’s visual sensory n.mm_im_ﬁ SEnr Te-
i "m m_,m.,.m:.? a representation of the information as it originally
cefin an b < vaE_.:m_., shapes of letters and words are perceived as pat-
SIS H.:_m? kes place. It is at this point that the process of attention
o sl d may cause processing to slow, be-
also exerts an effect. An ::?3_:& word may el L
cause added attention must be paid to individual letters rather than whole
words. ) LE

Upon entering working memory, the :.19‘_5.&5: is coded conceptu-
ally, i.e., takes on meaning. Meanings of the individual words are 353&
from long-term memory to assist Sarah in constructing a representation of
the whole sentence. Since the sentence is more than a few words, internal re-
hearsal may also occur to preserve the first few words in memory while the
end of the sentence is being perceived.

Finally, in order for the information to be processed into long-term
memory, Sarah must encode its meaning. This means that the representation
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she constructs of the sentence must be meaningful and make connections
with related knowledge already in long-term memory. For example, her
previous experience with azaleas and wide streets may allow her to con-
struct an image of what this sentence describes. Her image then becomes a
useful retrieval cue when she is asked to recall what she has read.

It may be evident from this example that processing does not truly
occur in the unidirectional, linear way in which it is often depicted (e.g., in
Figure 3.1). Instead, the representation Sarah constructs of the sentence is de-
termined both by the information itself (data-driven, bottom-up processing)
and by her prior knowledge (conceptually driven, top-down processing).
The degree to which either type of processing dominates seems to depend
on the nature of the learning task itself and the amount of prior knowledge
the learner brings to it.

Little has yet been said about the control processes influencing infor-
mation flow. Whether these are thought of as comprising a system compo-
nent (e.g., Gagné, 1985; Andre & Phye, 1986) or as processes modifying
information flow within and between components (e.g., Atkinson & Shiffrin,
1971), they have the same effect. In some way, an executive monitor keeps
track of the information flow and makes decisions about processing priori-
ties. This may occur in a conscious, strategic fashion or in an unconscious,
automatic way. For example, Sarah may have very deliberately chosen to as-
sociate an image with the sentence she read, because she has found imagery
to be a very effective study strategy. On the other hand, suppose the story
had previously described only camellias adorning villagers’ lawns. Sarah
may then have developed an expectation that could cause her to mistakenly
perceive “camellias” instead of “azaleas” in the target sentence. In either
case, a control process has modified the information flow and what was ulti-
mately understood and learned.

The sections that follow focus on each of the major stages and pro-
cesses of the human processing system. As you read them, keep in mind two
:::.mm. First, the computer provided a concrete metaphor for human infor-
mation processing and, thus, a language for describing and integrating a va-
Nety of Hm.mnE:m phenomena. Second, for instruction to be meaningful and
MM_M«"m:r it must build upon learners’ prior knowledge and help learners to
nrmw Tuct cognitive connections between what they already know and what

Y are being asked to learn.

mm:moJ\ Memory

The existence of g
System that regist

ome sort of perceptual store in the information-processing
5 nerids f w_.w information and holds it very briefly was ﬂm:d::vﬂm?ﬁ
Sibjacts mxm.nzam,:? conducted by Sperling :omov.. Sperling presented
letters i) mm Sm:w_ array of ;..n._ﬁw _mﬁﬁm {arranged in three rows of four

» Such as the one shown in Figure 3.2. He flashed the array on a
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thought to lie in the requirements for speech perception. In other words,
counds must remain in sensory memory long enough for them to be com-
bined with other sounds so that speech may be understood.
Sperling's use of the partial report technique also illustrates the effect

that attention has on information processing. The tone served as a cue to
focus attention on a particular part of the display so that it could be pro-
cessed further and recalled. Attention is a process that has been conceptual-
ized in a variety of ways. Instructors admonish students to pay atte
class, but they also adopt measures to focus students’ attention on partic
?acn.,,.” of instruction. Either way, a student who is not attentive m
some e the information to be learned.
5 _oww.wmsd_,:.m w«,wmrﬂ.._wmwm? noting that some information
processing, initially thought that attention acted as a bott
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filter ﬁ:mf.{mlabm information from entering the system (e.g. B .
Treisman (1960) showed, however, that attention is not m:,ww\_ s
tion and suggested that it serves to attenuate, cn. tune out .»,ua.-zczm e
ideas are easily illustrated by thinking about what hap mrm,zaw:rnnw. w..._m_.
may be attending to one conversation, ostensibly :E%E,mu Mﬁ ﬂﬂdmu. yo.c
being said around you. But when you hear vour name s ur.mns w.w i
else talking about a topic that interests you, your m:m:ao%m»gzm n.M vo:.ao:m.
enough information was being processed to prompt you to :w.mﬂv Mmmm.:zm
closer attention to the secondary source. : P
Researchers have come to view attention as a resource with limited ¢
pacity to be allocated and shared among competing goals (cf. Kahn s
1973; Grabe, 1986). This suggests that learners have vdEm. nc:.z.o_ o,.M_WM%,
process and may selectively focus attention to meet certain ends. It is mTM
true, however, that some tasks require relatively little attention mmm may _.,..n.
accomplished effortlessly and automatically. The concepts of selectivity and

mioimzn:w are important aspects of attention that hold implications for in-
struction. Let us consider each in turn.

Selective Attention

Selective attention refers to the learner’s ability to select and process certain in-

formation while simultaneously ignoring other information. The extent to which

Ea.s.a:‘m_m can spread their attention across two or more tasks (or sources of
information) or focus on selected information within a single task amnmram
”Hm: a ?S&E ﬂ.: factors. The most obvious, perhaps, is the meaning that the
i :”ummﬁmmnnﬂm:o: roEm for an individual. Your name spoken in a crowded
es your attention because it is highly meaningful to you.

ern.anMﬂM\ m_B__maQ Gmgmc:.ncz_mm::m tasks or sources of information
Wy wmﬁw:xnw‘ A: is hard to listen to two no:<mﬂ,ms:c=m at the same time
el pea .C.v are the same sex and are mvmur_:m in a similar tone and
e ..i zwm_:» ch.ﬁccn student, for mxmiﬁ_ﬁ who 7 trying to listen to the
esinsha e same :Bm. a n_mmmﬂma E_Wm in her ear. Similarly, a learner may
o _”::ﬁv:ﬂm to classical music but find her concentration slipping when

sic is played.
m_Bn_me%mmmﬂv_ﬂx:« c.w a_.‘:mn:_sh 5 a third factor :.;E E:F._c:ncm attention.
. mqm. v:.n_ as winding yarn into a ball, require relatively little atten-
K easi ,< done at the same time as other things. <<3nr.5m a light-
family m_uocﬂnw.‘:a%\ v:.z::w together a jigsaw puzzle, and talking to your
Plished &5::030205 s mn_#d&m are n_,c_u.m_u_z w: tasks that can be accom-
ol o pas mwc.o:m_w. W.E _..mm»::x a medical ?ﬁcQ 3.4 purposes of diag-
complete m:MQM ling an intricate set of electrical circuits demands more
When it iy ac .Onrmma m:m::o.:. A task may m_,ﬁc. gmaé.:a more m:c::w:
example ¢ :#.:::m about which the _83«% has .__:_.m prior knowledge. For

» @ post-baccalaureate student taking his first course in learning
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p. 66)- For of _unmmmc_mmnma children. They seep,
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ormance typic mw MMMN instructional situations? Tg in-
. of students during the course of a classroom Jes.
op aleriness Tl mmended that instructors employ standarq
n_;\:o@mwaaﬂ on task!,” turning the lights on or off), o
o uses a maraca to gain the attention of
ing i irs or small groups. Because he hag
they Em.i.mm_mzwmuw_wm. students rﬂciﬁirm: they hear it
ﬁﬂ%ﬁmﬂ wrnvw, w?. doing and _on.,_n at him mcn. direction,
that they are t0 S0P t to focus students’ attention on certain aspects of
by _Bnon.m:. timulus features can be highlighted through the
the instructional Bmgzm_q.‘ wnrm._”acﬁwgm_ il Vo iflociors o o
s A - ﬁ:ﬂ z”v:mv and novelty. To emphasize the different
s pumﬁv%mwzwm“ﬂmﬂ% n::m:\:m:a often play, for example, a commu-
wﬁ_ﬁﬂmm“mr Hmmnrmﬂ e_ém«m different hats during his lecture, each one repre-
enti i e.
%:mﬂmhhﬂmmmﬁ ﬂcm@ reviewed ways in which ._mm_‘:mnm ﬁrm_.:mm?wm M:_ﬁ
be taught to stay on task and selectively attend to important features of in-
struction. He indicated that two things appear to @r important: .Gv Learners
should be taught to take more time in wmmno:n.r:m to a learning task .AS
reduce impulsiveness), and (2) they should be given a strategy for focusing
attention and allowed to practice that strategy (p. 74). Certain games that re-
quire attention, e.g., Concentration or Simon Says, can be used to help students
develop better attending skills.
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Automaticity

When tasks are overlearned or sources of information become habitual, to the mxamﬁ
that their attention requirements are minimal, automaticity has cQ...Eﬁ,u.
__unsam a Qr provides a good example of the distinction mr&.:: mm:
Shneider (1977) made between automatic and controlled processing: t
the most part, the driving task is automatic, enabling the driver to :ﬂﬂ%@\
”Mﬁ:.m_w to a radio program, for example. But when traffic is heavy c.wmsg a
agwmo“._ww_éa occurs to demand the driver’s attention, driving .f_:_g_ driv-
e F._wan@m. The &.zmn then must pay much closer attention
115 to hear what is being said on the radio.
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LaBerge mH.& ma.ﬁ::m_m .Gou& have developed a theory to account for au-
tomatic processing in reading. They believe decoding words should be so
automatic for readers that they can concentrate their attention on compre-
hending the meaning of what is read. In A Tale of Two Readers, for example,
Sarah has learned to decode but has not yet learned the skill to the point
where it is automatic. As a result, her reading is slow and fraught with diffi-
culty. Rosemary, on the other hand, may decode automatically most of the
time, but here faces unfamiliar information that makes her comprehension of
the meaning difficult. As a result, she, like the driver in traffic, must shift from
automatic to controlled processing in order to decode the unfamiliar words.

To develop automatic decoding skills in readers, researchers have ex-
plored a number of possibilities, including extended word identification
practice as part of the regular text-reading curriculum (e.g., Beck, 1981, 1983).
More recently, researchers have become encouraged by the potential of the
computer for providing many different types of word tasks in an engaging
environment (Perfetti & Curtis, 1986). It may also be useful for teachers to in-
clude read-aloud activities (such as reading and answering questions) after
learners have read silently. Readers’ sensitivity to different kinds of scripts
can impair their comprehension, but such impairment seems to be obviated
by reading aloud during rereading (Jacoby, Levy, & Steinbach, 1992).

Once reading is automatic, however, what readers will comprehend
and remember from text depends upon how they allocate their attention as
they read. Readers will generally allocate greater attention to important ele-
ments in a text (Anderson, 1982). They determine importance based on the
purpose for which they are reading as well as features of the text that signal
something is important.

As noted in the previous section, the reader’s attention can be directed
by typographical cues in the text (e.g., boldface print, capitalization [Glynn
& Divesta, 1979]), as well as the presence of titles (Kozminsky, 1977), specific
phrases (e.g., “an important cause of...” [Armbruster, 1986]), and idea unit
structure (Kintsch & van Dijk, 1978). Idea unit structure refers to the place-
ment of main ideas and supporting details within a paragraph. Ideas that
appear high in the structure are more likely to be attended to and remem-
bered than details buried deep within a paragraph. Writers of instructional
texts, then, are well advised to employ these features to direct learner atten-
tion to the important, to-be-learned information.

Readers, on their own, also differentially allocate attention according to
urpose for which they are reading. Reading a novel, for example, typi-
cally involves reading for the gist of a story, and readers may be hard pressed
to recount very specific details when they are finished. Reading a textbook or
»mmr:__n& manual, on the other hand, is done with a specific purpose in
Mind—to locate and learn important information. Assigning instructional
Objectives (Klauer, 1984) or inserting questions in the text (Andre, 1979) has

the p
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Pattern Recognition and Perception

Just attending to informat
ing, however.
information must also be
vide a basis for further proc
whereby environmental

ples

ing a shape that matches

One might say

analyzed an

stencil pattern actually represents. . .
Pattern recognition is a particularly difficult process to model in the

human information-processing system, and, consequently, several different
models have been proposed. Each carries particular implications for how the
process operates and for what form information is represented in memory.
Briefly, template matching assumes that mental copies of environmental
stimuli, or templates, are stored in memory. Pattern recognition, then, con-
sists of simply matching the incoming information to the appropriate tem-
v._%m in memory. Although this seems intuitively appealing, look at
Figure 3.3 and consider what this means for a template-matching model of
pattern recognition. In order for you to recognize all of those figures as rep-
resentations of the letter A, you would have to have templates in memory 0
match each one. For obvious reasons, this model fails as a reasonable a¢
count of human pattemn recognition.

memory

e
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s of the Letter A

ocus their attention on specific text

pesides reading (such as the rules of
onsidered to be a desirable educa-
1983; Bloom, 1986). By extension,
certain tasks as adults to automa-
ariety of information sources in
patterns of stars in the search
or other astral phenomena
abuse is probably automatic for skilled therapists,

According to an  alternative, prototype model, what is stored j
Y18 notan exact copy of a stimulus, but rather an abstracted, generd

>m>>mm>

a

ki

ion is not enough to ensure its further process-
that attention is necessary but not sufficient;
d familiar patterns identified to pro-
essing. Pattern recognition refers to the process
stimuli are recognized as exemplars of concepts and princi-
s already in memory. This recognition is preconceptual, something like find-
| a stencil without identifying what the shape or
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prototype- wmﬁm..: recognition in this case involves 83?13@ the w:nc_:w.:m
information with the prototype. If a close enough match is found, then the in-
coming stimulus is recognized as an example of the class of objects or events
represented by the prototype. Thus, all of the letters in Emca. 3.3, for exam-
ple, are similar enough to the assumed prototype to be recognized as As.

The prototype model has become popular for explaining pattern recog-
nition, primarily because of evidence that suggests we tend to store proto-
typic concepts in memory (see, in particular, Eleanor Rosch’s work [1973,
1975]). For example, asked to indicate what color comes to mind in response
to the verbal stimulus red, you are likely to choose a color that is close to fire-
engine red. Similarly, reading about Olympic athletes or shore birds tends to
evoke general ideas about these concepts rather than specific, previously en-
countered examples.

A third model of pattern recognition, called feature analysis, presumes
that specific, distinctive features are stored in memory. Incoming informa-
tion is then analyzed for the presence of these features. To consider the letter
A one more time, its defining features might include the two sides, the angle
at which they are joined, and the horizontal connecting line. All stimulus let-
ters would be analyzed for these features and, if found, would be identified
as As.,

Feature analysis, like the prototype model, is supported by experimen-
tal evidence and together, the two models have influenced pedagogical rec-
ommendations for concept learning. Tennyson and Cocchiarella (1986)
proposed a model for teaching concepts that calls for presenting, first, a best
or prototypic concept example followed by a variety of examples that differ
from the prototype in systematic ways. The examples help learners to ab-
stract the meaningful dimensions of the concept and determine which fea-
tures are critical and invariant and which are nonessential and variable
across examples.

o vMM,wMMmrMMM nﬂpm.ﬂomm__ .3@2 work, consider one of the concepts from
ek irapae p ﬂa .ﬁCv:J.m am:,_wcqnm:gm:". ‘P.Ummﬁ or ﬁncﬁ.ozﬁ_w example
=Rl which positive ﬂm_.zmonnaaw_nw is shown with animals and
Eoﬂmm A ir.vﬂBmQ ‘ﬁw_:mc.:um_.. Then, m.an::o:m_ examples could be ex-
et o mac_mm mom..;:\m reinforcement is QmB::m:m:..Q. S;E ﬁr:&?ﬁ in
consider hoy ¢ MJ M.c:_ﬁ N.SQ the use of secondary or social reinforcers. Or
normal cefis <<:rm Mn.m vﬂmm.o:# :imz. learn to distinguish diseased from
Svidon :Jm..mEa stained v:mmw.myoz._jw clear examples of each for com-

: ent could examine other slides bearing cells that show a

E:mo:e . 51
Ecwn. ‘ rm__mnc:w_am_.m& normal characteristics and a range of what is
ntified as diseased. , ,

>=rc:mr the feature
Ost Instances of patte
Certain patterns are

comparison and prototype models account well
rn recognition, they also are unable to account for
recognized even though all the features are not

for m
why




“ogrition
THL® Learning and COB
PAR o ‘
oo &0 o)
oe oeo0
00 e
[ 1) 00d 00 ° mO e
. imi
proximity )
Closure g i
st Pr ipls anization
—— principles of Org

mqn.cﬁm 34 Ges alt

mble their prototype. For example, a degradeq
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copy of the Jetter :,mmg transparency, is still recognized as m:.>.
poorly ﬁ:icnﬁ ﬂ.:‘ ind other perceptual phenomena :c». cm.v.__v\ handled

To explain this W_Eca analysis models, we rely on —uj.:n_ﬁ_wmw of orga-
with the ﬁSEQ?E.a o cxvc.:.m:nm, Gestalt psychologists, in studies
nization, context, .uz Em&:i: century, demonstrated that human percep-
dating from n.rm mm: %.. ine bevond Em information given” in order to con-
tion tends to _E.c_,.m.m:_:w ém:: That is, the way in which stimuli are
struct a 38.:5&5 :Mmm—umd_.ms.ﬁ ? see them in certain ways, apart from
O At stk Took st the pletures displayed In
what is mnz.a_:. Y. :w mﬂa:nm; ,,_:. you did not say, “Just a bunch of
Figure 3.4. S..: ﬁ doy ow £.¢ . ,. ,.3 close up the m.ﬁmacm between the
dots.” The principle of closure prompts us to P Wt Tooe ko prakis
dots in Figure 3.4 (left) and to perceive the figure as an X u " ﬂ ig?
ity, we view the dots in Figure 3.4 (center), not as nine &3,,,. but as three > T
three dots. Finally, similarity dictates that similar units will vw perceiv m: mw
one, so that we do not see black and white dots in Figure 3.4 (right), we seed
black X. o
The effect of context on pattern recognition can be illustrated by Mm?_w
ence to the tombstone and overhead transparency mentioned wml_ﬁ. ot
those instances, why is it likely for the degraded letter to be perceived uﬂa
A? Presumably, the reason is that clues to its identity exist in the n::"wxwa o
surrounds it. Other, more easily perceived letters suggest what words “pa&
the tombstone and transparency. Once the word containing the deg 2 5ik
fetter has been determined, the identity of the letter is obvious. T.mE..M. d .m\%
fﬁ@ how context is used to resolve some perceptual E:w.ﬁ,: . ,w will
”m:R 5.5» center could be either the letter B or the number 13. W r_wwczm
in MHMHHJQME mw Vo iwﬁ.wm_. the other letters in the row or the

Past ﬁvﬂ_ﬁdﬁrﬁa to provide n.wEm«E& clues. i
13 effect o pattern M\ b e wmmnm:m. is the Jast mm.Q = nom ct that what "o
been learned o o eeognition. This refers to the simple fa act on what ®
Perceived in Em« mm_:mmmn& vasocw.:.. will have some ,_Bﬁvm ¢ oni I8 the

* uations. A good illustration of this can be S
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_b. FIGURE 3.5 Context Effects on Perception

Stroop effect. An individual is shown a series of color words (e.g., blue,
green, or red) that are printed in different colors and is asked to “name the
colors as quickly as you can.” What happens is that the person has great dif-
ficul ty in identifying the colors of the words, tending instead to read the
words themselves. Knowledge of color words, coupled with reading skill,
interferes with one’s ability to perceive the colors. The same would hold true
for proofreading; one has a tendency to read the words as they should be
typed rather than as they actually are.

Solving problems can also require overcoming the effects of past experi-
ence on perception. In other words, some problem situations must be per-
ceived in a new way in order for a solution to be reached. In Kohler’s (1925)
experiments with a chimpanzee, for exa mple, bananas were placed just out of
the chimpanzee’s reach with a stick near at hand. In order to get at the ba-
nanas, the chimpanzee had to perceive the properties of the stick as affording
its use as a tool to knock the bananas within reach, Similarly, solving an in-
sight problem such as “If the lily pads on a pond double every day, and the
pond is completely covered on the 100th day, on which day is it half-
covered?” requires thinking of the problem in terms of logic rather than math.

Although little is known about how people come to be proficient at
casting problems in a new light in order to solve them, there is evidence to
suggest that practice on many different kinds of problems may help (Stern-
berg & Davidson, 1983). Practice with a variety of problems can make learn-
€rs more aware of the role of context in problem solution and thus more
open to the consideration of alternate assumptions.

The influences of past experience and context on perception can also
come together in expectations about students. It has been well documented
that teachers’ expectations of students may affect their evaluations of stu-
dent achievement, as well as their own behavior toward students (e.g.,
Good, 1987). In other words, expecting a student to be a problem in class can
Predispose the instructor to perceiving more problem behaviors. Similarly, a
mEama with a reputation for high achievement is more likely to be per-
Ceived in that light.

_ The expectations themselves may develop from previous experiences
Of the teacher, from the immediate context, or both. For exam ple, the teacher
has learned to associate, and therefore comes to expect, certain behaviors
With high- and low-achieving students, males and females, or well- and




ing and Cognition CHAPTER 3 » Cognitive Information Processing 87

r PAR T i e Leart

4 6 : Tomrho ) i ) :
o2 et also plays @ v.:... feachers Ay expect seven notes of the musical scale, and the seven days of the week” (Miller,
on. But conte , hieving class than in a ¢| the se
ol childre iy _:mr.mn ieving class Clasg 1967, pp- 42-43).

sorly beh: ceidual ina renera y i . " . a
g ame individual in 85 Despite Miller's whimsy, seven bits of information have been shown to

s of the i o
“m”: M,””::z less :L__Mw_p_”m“_:m prophecy (Rosenthal and Jacobson, 196g) constitute the memory span for a great variety of materials. Moreover, each
Although the Seit fluence in schools over the past 20 years, recent ey- bit of information can vary tremendously in size. A ten-letter word, for ex-
has had a considerable E.?: teachers do (or fail to do) Bm:m_.w more thap ample, may be one bit, along with a six-word sentence. Discovery of this fact
idence has shown "r&.,ﬂ reard to student achievement. Goldenberg (1992 has ~mm_ to the notion that working memory capacity may be increased through cre-
what teachers €% ?L“_ .:u.mcx:..m_ expectancy in which the children’s firg( .:.En larger bits, known as the process of chunking. Take, for example, the
i described two ZJ, M,.,mq Lents were in marked contrast to what the teacher span of letters shown below.
w. grade, year-end ..x __”a_cmri in one case that “The teacher had failed to take w
: hod t%: ”p_ﬂcﬂ”%m”ﬁ she should have because she had expected [the student] JFKFBIAIDSNASAMIT
_r,m M.%MM,”_ M,w her own” (Goldenberg, 1992, p. .mucv. :.d ﬁ.rn. oﬁ.rm.a case, “in spite . :
of the teacher's low expectations for [the student 5] success, ».rm teacher took ac- As individual letters, they more than exceed working memory capacity. But
tions that appear to have influenced [her] me.wE:m_ first-grade r m.ma_:m as five chunks—JFK, FBI, AIDS, NASA, and MIT—they are easily vn.cnmmmm.a,
achievement.... Low expectations were clearly evident, but they were irrele- What this has been taken to mean for instruction is that learning tasks
vant in determining the teacher’s actions” (p. 539). Although expectations should be organized so that they can be easily chunked by the learner. This
can have an influence on teacher behavior, then, they do not always matter. may be as simple as breaking complex tasks into manageable steps, as in a
What appears to be more important is whether the instructor monitors stu- science experiment, or presenting discrete bits of information to be studied
dent achievements and takes corrective action as necessary. and practiced, as in the frames of a computer-based tutorial lesson. In addi-
Sensory memory, attention, and pattern recognition, while important, tion, issues in political science that involve very complex arguments, for ex-
obviously tell only part of the story. When learners have paid sufficient at- ample, will be better understood if the arguments are broken down and
tention and pattern recognition of selected portions of the stimulus has oc- examined bit by bit.
curred, a great deal more processing is still required for the information to How chunks of information are actually stored in working memory has
become a meaningful and permanent part of memory. The next stage of ac- been likened to a series of slots, with each chunk taking up one slot. As new
tivity occurs in working memory. chunks come into memory, they push out those that were previously occu-

Pying the available spaces. This is now the accepted explanation for the
serial position effect known as recency. In the serial position task, subjects

S\clﬂ:ﬂ% ENEQQ are given a list of words or nonsense syllables to learn. Typically, fifteen or
: _ twenty items are presented at a rapid rate, and immediately following the

Hh_“_.m:%ﬂ:o: mm_m,%n_ for further processing comes to the working memory. At _nmﬁ WEB. m:Emnmm recall as many as ﬂrmw.. can. You can guess which ones they

EE:mmM:mmEmEm from long-term memory will be activated for use in mMMm I best—the items at the end of the list or those seen most recently. It was

chapter, there X z_.ﬁ ‘ncoming information. But, as indicated earlier in the r.mac_%ma\ then, that later items on the list pushed out of memory those that

an_som. o csn.,..n..m mits to how much information can be held in working wn: awm.m: m.awﬁ There was simply not m.:o:m: room for them m:.x

less, of ¢ me and for how _ozw information Bmv\vm«mgwﬁm there, un- O determine the duration of working memory, Brown (1958) and
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In order to prevent the loss of information from working memory, and
to ensure its being transferred to long-term storage, two processes are neces:
sary: rehearsal and encoding.

Rehearsal

When you repeat a phone number to yourself over and over while waiting to

use the phone, you are engaged in rehearsal. Some would call this mainte-

Hm:w a_“mmam_ because the repetition serves to maintain the information in

it o Lo degieied ariods DY L Gt o0 have
s vroamm” zwmnwwa your party, you no longer have the need to main-
7 o T_.S_ rin the short-term store. ,

tion curve, E:m:» ”»wmms used to explain the primacy effect of the serial pos”
rate, subjects asms”ﬁ are presented as described earlier, but at a sloWe!
well Figure 36). You rnot only the last items on the list, but the first ones mw
e Biming o b sy fe s e e
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becomes mgre diffi ._. Gy :.fmSm crowd in, however, the rehearsal ta%
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Otking o e HEMS at il in
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7 BO€S ont even fter inf aré anecdotal data to suggest that something>=
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ample, if a2 pop quiz is given after a typical 50-minute lecture, chances are
students will remember best what was discussed in the first 10 minutes of
class and in the last 10 minutes before the quiz. Likewise, most journalists
adhere to the maxim that important information should go at the beginning
and end of their articles, because these are the paragraphs best remembered
by readers. These phenomena have led some researchers to question the
dual-stage nature of memory and to propose instead some sort of intermedi-
ate memory or a continuum from short-term to long-term memory.

Finally, for information to reach a relatively permanent state in long-
term memory, maintenance rehearsal is not enough. Learners will argue that
simple repetition is an effective means for them to remember something for
a long time. In the case of highly overlearned material, such as arithmetic
facts, spelling words, or a memorized script, they are probably right. But
repetition of more complex and meaningful information will not ensure its
being fully processed into long-term memory. Elaborative rehearsal, or en-

coding, will.

Encoding

Encoding refers to the process of relating incoming information to concepts
and ideas already in memory in such a way that the new material is more
memorable. Left to their natural inclinations, humans will always try to
make things meaningful, to fit some new experience into the fabric of what
they already know. We have already seen the evidence of this in perception
and attention. Encoding serves to make permanent what these processes
have initiated.

Studies demonstrating the various ways in which encoding may take
place are too numerous to review in any comprehensive fashion here. But it is
.:mm?_.S consider briefly the major types of encoding schemes that have been
investigated. The concept of organization, to begin with, has long been of
interest E psychologists and educators alike. Bousfield (1953) found that
_Mmov_m will group related pieces of information into categories in order to
_mMMM‘“MM Lwﬂmmwﬂﬂrmﬂ wmz.mn Even ei...m:. 53«32.5: .wm seemingly unre-
e s bl AHM_/wm mHM momi? mcE.wnn,\m onmm:ﬁm:o: on .§m Bmﬂmﬂ.m_
meaningfully, outlines ( M.w@ G )- Ho assist _mmn:mﬂ.m in organizing material
1969, and nornm :_,mwi VS% Divesta, wow.d\ E.mamwn?mm (Bower et ,,..T
this i _Ammwuamﬂ o Umm.m : m examples provided in ﬂrmﬁnwm 2 and later in

S e Qn._mr.o ; _omoc have all proven mmmn:,\mu.
fo vt Testsin EJ. :”:M: (Matlin, 1983) ?‘.ocim other effective means
linking the conde (o mh ist o unrelated words, for example, is facilitated by
SHOEy e seros & mmo er MJ the form of a story (Bower and Clark, 1969). The
meaninglese by ﬁ,?m.m.h..,m _:ww, iator to make the S‘naw on the list, which are
for young child selves, more memorable. This can be a helpful strategy

ren to use while learning to read. By themselves, single words
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ing at first, But when children write stories Sa::u:.
el ::ﬂﬁ._“.z ”::: find it easier to read and recognize thege
dptele monics such as ROY G BIV or “My Very Eappg,,

may not have

rating cortain WO :. mne
ater. M___:__,ﬁ ‘s:» Nine Planets” serve to aid in the learning ang recal|
t Showe L

. e spsectrum and the planets in our solar system (see revie

of the colors in the ,.14, by Higbee [1979] and Bellezza [1981]),

of maemonic m:..uﬁt..m:w be a very effective means of encoding information,
S r___..‘=..< : ._.M_._“._ﬁ%v:.» pictures ».cxx}:,_i visual images (Levin & Kaplan,
_r.,ww_.%y_”.,w hb__”_”% instructions to ?.::.m:.s,x..i__ related ~.: :.i. material :A:_:aé
& Swenson, 1975) are effective in w__n__:..;_:m _c._E_:x, Some ..e.:,rc; now
find that combining this B.e::i with story a:.m:::., as descr _?.n\ can be a
very powerful means for facilitating not ::_v, _..,:.:W:m but wa::f:c: (D.
Cooper, personal communication, September, 1992). Children _.JCZ.;: " their
stories by drawing illustrations to accompany them. In so doing, they
strengthen their understanding of words in a very personal, meaningful way,

Before leaving this topic, it is perhaps wise to point out that nearly any
method of elaborative encoding is better for learning than is mere repetition
of information, But which approach is best depends upon the learners and
the material to be learned. Moreover, learners who have developed idiosyn-
cratic but effective encoding strategies will not necessarily benefit from some
strategy imposed by the instruction. For this reason, there has been consider-
able interest in determining how learners may be taught to develop and use
their own strategies effectively (cf. _-_.cm.ﬁ_cw & Levin, 1983; Levin & Press ey,
1986; Segal, Chipman, & Glaser, 1985),

Learners may be encouraged to invent their own mnemonics, for ex-
ample. Instructors in a aai:x.:sa.,.TE..L:: uence program who attended a
workshop [ presented invented the acronym VOMIT to remind themselves
wm ?. effects of drinking on the driving task, (I no longer recall what the in-
dividual letters stang for, but no doubt they do! This just illustrates how in-

a:.a:m__w effective :
ective mnemonics ca ; wh : y not
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for another) e; what works for one learn ]
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g ol earners ask themselves questions to aid in nca.ﬁzwrw :.a
what wag &.mn:m%% e Qo_m.m the meaning of this concept a_m?m. ::3_.
drawing inferences on the previoys Page?” Other questions, which ca ith
e¢s, should help camers to integrate new information W!
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But Ormrod (1990) speculated that it might be just a m
asking fact-based, low-level questions beca
such questions on class examinations. Perh
strate inferential thinking in class and on assessments will prompt them to
generate more inferential self-questions at encoding,

It may seem, in this discussion of working memory, that some aspects
of permanent memory have already been touched upon, and indeed they
have. It is virtually impossible to divorce the processes of w
from those of long-term memory completely, because they are intimately re-
lated. Encoding, for example, by virtue of its role in transtorming informa-
tion as it passes from working to long-term memory, could be as casily
discussed under the framework of the latter as the former. Encoding will
continue to play an important role as we now consider what happens to in-
formation when it reaches long-term memory.

atter of students
use they have learned to expect
aps requiring leamers to demon-

orking memory

Long-Term Memory

Do you remember what you had for dinner last night? Or what you did on
your birthday last year? Perhaps you recall a visit to another country where
the most memorable events were your donkey ride down a steep embank-
ment, the shopkeeper who offered you ouzo at nine o’clock in the morning,
and the hotel manager who kept repeating, “So sorry. No reservation,” Now
consider how these memories differ from vour knowledge that Albany, not
New York City, is the capital of New York and that reading a weather map
will tell you whether to expect rain in the next few days. Although these are
all examples of information you retain in long-term memory, they differ in
whether 55\ represent specific experiences unique to you or general knowl-
edge of the world that is shared by others.

Tulving (1972) was the first to make the distinction between episodic
and semantic memory. He conceived of these as two information processing
systems, each selectively receiving information, retaining certain aspects of
that information, and retrieving the information as required. Episodic
Memory is memory for specific events, as when you remember the circum-
Stances surrounding how you learned to read a weather map. Semantic
Memory, on the other hand, refers to all the general information stored in
Memory that can be recalled independentl y of how it was learned. For examn-
Ple, perhaps you cannot remember how you learned to read a weather map,
because the circumstances surrounding the event were not particularly
Memorable, Byt you do remember the skill.

Although the two systems are related, it is semantic memory that most
concerns educators, Generally, what is supposed to be learned in school, or
'ndeed in any instructional situation, is semantic in nature. Before 1972,
ﬁ;i:m argued, most memory research concerned episodic learning. Since
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is represented and stored in semantic memory is a centrg]
. o he study of long-term :éBcQ,A E.Z: and one that has concerned
i .j. ¢ centuries. Consider the difficulty of the task. Questions mys;
Eﬁﬂ:“”wgw:% as, What is the nature of the knowledge unit that is stored
w”. MMHQQN How are relations among these :E”m represented? How can we
account for individual &mﬁﬁ_mmm in memory? Is %m_ﬂm only one kind of
knowledge unit, or are visual images mcvmwm:.:é_v\ different from verbal
propositions? Try to keep these questions in mind as some of the proposed

answers are presented.

w%_dmm:c:o: and

How informa tion

Network Models of LTM. One way to conceive of long-term memory is to
think of it as a sort of mental dictionary (Klatzky, 1980), but instead of words
being represented alphabetically, concepts are represented according to their
associations to one another. For example, if I say “black,” what comes to
mind? | expect you said “white,” which is closely associated with black by
virtue of being its opposite. Other kinds of associations are obviously possi-
ble. A canary is a kind of bird, while has gills is a property of fish.

Network models assume the existence of nodes in memory, which cor-
respond to concepts, i.e., things and properties. These nodes are thought to
vm interconnected in a vast network structure that represents Jearned rela-
tionships among concepts (e.g., Collins and Quillian, 1969).

Network models have the advantage of representing individual differ-
msamm among learners, because individual learning histories presumably
hﬂ_ nwo MMMM:M azmsoc‘. q.ﬁ:zoza. These models also enable ﬁ%n:n:.c:w
memory tasks mww y verified by the performance of learners on nﬁww
That memory mi :MHBE@ look at the partial network shown in Figure #
jects to Hm%mna "M sent; Bhrosirmg ey canba scutisined by mmr_:mw: is
afish." Since the ences such as, “A bird has wings,” or “A blue he s
was a | oncept bird points to the property has wings (assuming
: eamed relationgh; ), th . ¥ . antence is U
n the case of the second P): the subject should say the first senten cbedi
rectly connecteq oca sentence, however, blue heron and fish n..m.D:o ot
tion indicateq 3“ the mww.m the search process can only proceed in the

0 asimilar fagh; %5 ,_,r.cm.\ this sentence must be false.
Subjects shoy)q be O, predictions can be made about the spe ors
mwﬂoﬁtn—vmmmﬂ : able to <m3mu\ sentence: m le, Jearn
i € in recoomiy: s as true. For examp » than

A blue hergp is an msmsﬁzum the truth of “A blue heron has long 1€8° cross
Mal.” In the first case, search had to v_dnmmu *
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[animal)
[bird] / [fish]
has wings : \
( (can :vw ) [sting ray]
[blue heron]
(found on sandy
sea bottoms)
(has long legs) (has venomous
(lives near water) spine)

FIGURE 3.7 A Partial Network Representing Concepts
Associated with Animal, in the Tradition
of Collins and Quillian (1969)

only one pointer; in the second case, two pointers, or levels of memory, are
searched.

Predictions such as these were, in fact, confirmed by Collins and Quil-
lian (1969), providing experimental support for the network models. But they
also encountered some troubling findings. Subjects more quickly recognized
a canary as a bird, for example, than a penguin as a bird, yet recognition
times should be equal since the distance in both cases is the same. Typicality
of concepts, then, presented a real difficulty for network models, which was
to be overcome by feature comparison models of long-term memory.

Feature Comparison Models of LTM. Smith, Shoben, and Rips (1974) pro-
posed that concepts in memory were not stored in interconnected hierar-
chies, as suggested by network models, but with sets of defining features.
Association to other concepts is then accomplished through a comparison of
overlapping features, hence, the label feature comparison models. For exam-
ple, to verify “A blue heron is a bird,” an individual would search all the
characteristics of blue heron and all those of bird, and finding a sufficient over-
lap, would say the sentence is true.

Feature comparison models nicely explained the ty
Jocv::m to network models. Some concepts simply do not have clearly de-
fined members; they are “fuzzy sets” in which some members are wm:.mH
examples of the concept than others. Thus, feature comparison models dis-
tinguished between defining and characteristic features. Defining _nwm.»:wwm
are those that a bird, for example, must have in order for it to be classified in

picality effects so
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Propositional Models &.E..E. How different ,m.:_B c_#.,m:.,,,”.:ﬁ .M” Hm
work and feature comparison models? In posing this question, Klatzky
(1980) cited evidence that feature comparison _.::.am_m may in fact be rewrit-
ten as enhanced network models. Perhaps for this reason, the q.x._:z:«r has
remained the primary metaphor for long-term memory. Propositional mod-
els, however, offered a new twist to the network idea. Instead of concept
nodes comprising the basic unit of knowledge that is stored in memory,
propositional models take this basic unit to be the proposition ( >:ao?:a &
Bower, 1973). A proposition is a combination of concepts that has a subject
and predicate. So, for example, instead of the concept bird representing 2
node in memory, the propositions “ A bird has wings,” “A bird flies,” and “A
bird has feathers” are stored.

- There appears to be some psychological reality to the notion of prop®”
sitians, because subjects will take longer to read sentences containing mant
propositions than those containing few, even when the number of actual
”.HW”H%&EEB.W (Kintsch, 1974). In addition, recall tends to reflect v:ﬁ:.,“c
et awm z“.z VSASE,,.H than sentence structure, For example, .,,.:J?.,.,.« _..N._,E,
i OWing sentence as part of a passage on shorebirds: “The e

: oird with a long neck and long legs, can usually be found in't

marshy areas a :
would b mauwxam&. water.” Asked fo recall later what you had read, ¥
of thep ey 10 reproduce this sentence. Instead,. you might recall some

g ach as- T . isatal

berd. It hag ma:m %Mm .Mswnm. expressed in it, such as: “The blue rp.:_,a ,
Propesitions g«n.ﬁ% W 2 long neck. It lives near water.” For ﬁ?u. n.n v
Tents (.., Rower & °n tised as 2 measure of recall in some memory &4

T b able, 1905, Rover & Perkins, 1977).
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john R. Anderson has developed perhaps the most comprehensive net-
Eola.:_oam_ of memory that emphasizes propositional structure. Known ini-
tially as ACT (adaptive control of thought) (Anderson, 1976), the model
evolved to ACT* as Anderson (1983) distinguished between procedural and
declarative knowledge and added a system for modeling the long-term store
of procedural knowledge. He has revised the model again (Anderson, 1996;
gchooler & Anderson, 1997) to make it more consistent with research on the
neural structure of the brain and to more strongly emphasize the adaptive
nature of cognition. Now known as ACT-R, Anderson’s model is so global
that Leahey and Harris (1997) fear it may be too complex to definitively test
or falsify.

Parallel Distributed Processing (PDP) Models of LTM. Parallel process-
ing is distinguished from serial processing in that multiple cognitive op-
erations occur simultaneously as opposed to sequentially. In a sentence
verification task such as “A blue heron is an animal,” for example, serial
processing dictates that the search would start at blue fieron and proceed along
the pathways connected to the concept, one pathway at a time. In parallel
processing, however, the search task is distributed, so that all possible path-
ways would be searched at the same time.

As they evolved, network models such as Anderson’s came to include
the assumption of parallel processing, but this assumption is at the very core
of PDP, or connectionist, models of long-term memory. With connectionist
models, researchers seek to describe cognition at a behavioral level in terms
of what is known about actual neural patterns in the brain.

The PDP Research Group pioneered the development of these models
(McClelland, Rumelhart, and the PDP Research Group, 1986; McClelland,
1988, 1994; Rumelhart, 1995), which propose that the building blocks of
memory are connections. These connections are subsymbolic in nature,
«.i:n_.. means that they do not correspond to meaningful bits of information
_.:,.m concept nodes or propositions do. Instead, the units are simple process-
.__ﬂw ww.(w"_.n%mwﬂwa. ﬁno.u:wﬂ:M:m an...,....niww how the c.::m_EF.EQ with each 37.3.
it Vb _m.Pf .:»MS ,.: ACTOS which processing is ,.7.&_5._& to ?w 9.,/:.5.
network) mn:m:ﬂ.:rrﬂnn:ﬂ? environmental input (or input from within the
nections c,..r: a .nvm m.nb::nwzszv among units, mnqndmﬁ@z:ﬁ some con-
s momn», ?o W ME ening others. It is these patterns of activation that repre-
knobekac v anc U.:.:Qﬁ_cu or knowledge as we think of it. This means that

e w.n 15 stored in the connections among processing units.
b mm,._‘m:n.q (1991) offered a “rough physical analogy” for understanding
7 A connectionist network might operate:

Imagine : !
& gine that in the middle of a bare room vou have a pile of a hundred or more
isbees. whic : ¢
s, which are connected among themselves by means of elastic bands that
vary i ickness 4 i ; y
¥ in thickness and length. On each wall is a clamp to which you fasten a
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weights of association, learning occurs in Em nwﬁwmw_m_ %M__,:wmmmwwmmw :%
weights, Moreover, since ?cﬁmvwam occurs In p ‘ il : ad-
iustments can take place simultaneously, and there can be continuous error
Mm?m::mn; as a function of new 5?_.3&5:. .
Consider how a PDP model might account for the experiences of Wes
and Marcy in The Mechanic and the Web Surfer. In Zm_\n.v\m case, the units m:n
connections representing her knowledge of car mechanics are likely to be nei-
ther extensive nor strong, but some are already stronger than others. It is prob-
ably safe to assume, for example, that connections related to steering are
stronger than those related to tie rods. Marcy’s conversation with Wes serves
to activate and strengthen further some of those connections and perhaps in-
troduces new connections (e.g., steering damper may be a new concept to her,
although both “steering” and “damper” are familiar). When it comes to recall-
ing the conversation later, then, the stronger connection weights associated
E% “steering” enable Marcy to remember that as the gist of what was said.
Likewise, the very weak connection weights associated with “steering
%Btﬁ,: are not enough to prompt its specific recall. A similar analysis could
be applied to Wes and what he remembers about the Internet.
azsww w_«u,\ ”%ﬁwm_m cmm“ a number of ma(,.mszmmm over the other B.oam_m in
el mnnosimw‘mmm ain mg_: human information processing. m:.mr %.MN
8&8:3&&:&5%3 oﬂ the En._,mEmE.m_ nature of human learning. Wi :
picture of human mmm_.:n Q”n:mnzcs WEghts, Sy promigie st &Swm_m_w
PDP models also offor umm_. : rm_:%m,m been suggested heretofore (Estes, 1 ::m.
goals into the d¥tiamiics of .mm Irst time a convenient way cm, EB%EMQ%
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lack of forthcoming evidence to support PDP models as a mirror of neural
processes in the brain. He reminded us that there is little reason to believe a
single processor model will be sufficient to model brain functions. After all,
“the evolution of the brain has not yielded a machine of uniform design like
a digital computer but rather a melange of systems and subsystems of differ-
ent evolutionary ages” (Estes, 1988, p. 206). He concluded that the final test of
any theory will come in the record of extended research that follows from it.

Table 3.2 presents a summary of the models that have been proposed to
account for how learned information is represented in memory. To this point,
however, only verbal and procedural information have been addressed. What
about memory for information of a visual or olfactory nature?

TABLE 3.2 Summary of Models Proposed to Account for the Storage of Information
in Long-Term Memory

Proposed Model

Network model

Feature
Comparison
model

Propositional
mode]

Oo::mnso:wmw or
PDP

mode]

Characteristics

Memory repre-
sented as a web of
nodes (concepts)
connected by rela-
tions between
concepts

Memory
represented as sets
of concept features

Memory
represented as
network of
propositions

Memory
represented as
connections among
subsymbolic units
of processing

Data the Model
Explains

Individual
differences in
memory

Swift recognition of
class and property
relationships (e.g.,
bird has wings)

Typicality of
concepts and
“fuzzy sets”

Memory for gist
Procedural as well
as declarative
knowledge

Incremental,
dynamic nature of
learning

Possibility of hard-
wiring of memory
in the brain

Difficulties Faced
by the Model

Cannot explain
typicality of
concepts (e.g.,
faster to recognize
canary than
penguin as birds)

Unwieldy and fails
to account for
semantic flexibility

May be too
complex to
definitively test or
falsify

A single model
may be insufficient
to represent brain
functions
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for example, and try to visualize that person’s face. Does he or she wear eye-
glasses, and can you remember what they look like? Chances are you may
remember verbally whether your friend wears glasses and then try to recon-
struct visually what he/she looks like.

Researchers assume a strong connection between the verbal and imag-
inal systems, and for this reason, directions to form images and visual aids to
instruction are both likely to enhance learning of some verbal material.
Kosslyn (1980) suggested that images may be important to learning in en-
abling learners to represent what is not depicted in the instruction and then
to transform these representations to facilitate comprehension and problem
solving. Visual aids can function in the same way, particularly for learners

with poor verbal skills (cf. Levin, 1983).

Retrieval of Learned Information

Once information has been stored in long-term memory, no matter in what
form, it can be retrieved for use, retained over time, or forgotten. The process
of retrieval from long-term memory is relatively simple to understand. Pre-
viously learned information is brought back to mind, either for the purpose
of understanding some new input or for making a response. Using previous
knowledge to understand and learn new material has already been dis-
cussed as encoding. But making a response based on previous knowledge
raises the question, What kind of response? Consider the two questions
below. Which question is likely to be more difficult to answer?

1. What does the word esoteric mean?
2. Which of the following words is the best synonym for esoteric?

a. essential
b. mystical
c. terrific

d. evident

Clearly, the first question is harder than the second because it provides fewer
clues as to what the answer might be. This distinction between cued and
”M”nﬂwa _.m..x_q.m.fﬁmw is E.m. same as the difference between recall and recogni-
nmwm.::mhoa wa_:mogm:o? learners must both mmﬂwwmﬂm an answer and then
m<n, € E ether it correctly answers the question. In recognition, how-
. potential answers are already generated, and the learner must only rec-
ognize which one is correct. ;

MM““.:L:«M”\M recall v:cm:w:? learners must retrieve previously &:.:..& in-
memory expess no cues or ?:F to help them remember. m.:v?ﬁm in many
then told Swn u.._Bm.n?. for mxw:ﬁ?. are exposed to target information mza

0 “write down everything you can remember about what you just

read.” Gimil- i y )
Similarly, instructors ask such recall questions on tests as, “Write an
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s e &..,r@. m,.:ws.. recognition tasks. Tasks of this nature are common
s micz.%,a J.M:.:? but are becoming increasingly popular for assessing
H.,M”_ﬁm_ﬂw\siwwa:zc: (e.g. Royer et al., 1984; Royer, ﬂc‘c.? —ccmv mcﬂ_mwﬂmdz
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risk conditions lead to a more stringent criterion than do low-ris
even though the memory trace in both situations
and match to the test stimulus.

Besides yes-no recognition, there is also force
exemplified in multiple-choice tests. As before,
role in the decision to choose a particular answer. The decision criterion,
however, is determined not only by risk conditions surrounding the over-
all task, but by the distractors in each test item. That is, a severe penalty
for wrong answers will decrease guessing overall, even though, in a four-
distractor item, the chances of getting an item right by pure guessing is 25
percent. But suppose, in question 2, you could eliminate two of the distrac-
tors immediately. This increases to 50 percent the chances of getting the
answer right, high enough odds, perhaps, to offset the penalty. An obvious
implication of this for test construction is to write distractors th
probability of being chosen if the learner is forced to guess.

k conditions,
is equivalent in strength

d-choice recognition as
memory strength plays a

at have equal

Encoding Specificity. Regardless of ex
retrieval can be greatly influenced by the cues available to learners at test
time. Two different principles have been investigated by researchers that sug-
gest a relationship between conditions at encod ing and conditions at recall.
The encoding specificity principle states, in essence, that whatever cues
are used by a learner to facilitate encoding will also serve as the best retrieval cues
for that information at test time (Thomson & Tulving, 1970; Tulving & Thom-
son, 1973). To illustrate, Anderson and Ortony (1975) gave subjects the sen-
tences, “The container held the apples” and “The container held the cola.”
What images come to mind when you read those sentences? Most likely, you
M:ncama an apple basket and a cola bottle. In fact, Anderson and Ortony

ound that basket served as an effective retrieval cue for the first sentence but
not the second, while bottle serv

pected response type, the process of

ed as a good cue for the second sentence but
not the first,
_ Retrieval, then, is very much influenced by the context of encoding.
i:m suggests for instruction that many different contexts or examples may
be important to discu

ss during the presentation of new concepts. In this way,
any cues available to assist in encoding that may later
new information is presented in only one context, stu-
Nts may not find sufficient cues in test questions to support retrieval of in-

TMation that is actually in memory.
in ,_.Nm_m»mn to encoding specificity is the concept of state-dependent learn-
m Some years ago, a study was conducted in which subjects learned lists of
wmm__ﬂ,% .s.a.dm in one situation and recalled the lists in a different situation
the mmmw.: ? Vnr_vaEm‘ EmA_ )- The situations differed in the rooms in 2._:2;
Weers ,,#Ec:m A‘Ermz.#.w learning or testing) Ec.r place, S,_#_.:._cﬂ the ,..,.:T.En.,m
cateq ,zw:n_:ﬁ Or sitting, and the method of list presentation. mmm::w indi-
at recall was best for those who were instructed and tested in the
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¢ studies on the effects of drugs have Sug.
recall suffered differences can be Qﬁ_asca._: e .nrm m:EQO.
that these Q&:, - ing and testing. Information leared in a parficy.
e 08 _MPE :WE the influence of m_ncrc.m or other &.Emmv will
mm;sﬁc_,:::m E.m;é ma.:annooai_:ﬁm_.booﬁ.

ast i » same state 0 : ;
?aa«agﬁa&ﬂuﬁ wmwao:m:&ﬁ a similar phenomenon with mogds,
ﬁ o O

U the —.:.n::ﬁ
Ium:-v_:-_:_ M1 :79—.: w

C !

C%w:.:. .—. .SC-Q _Rufm.»:

m@:&

Bower \d were better recalled under a happy m
% v mood were Y mood
Wetes _Eaﬁho.w:,“wwm.”“m% learned under a sad mood were best recalled in
than a sad meod, ¢ ons, just like information, are coded in

; or argued that emoti . : .
il WW:: seems likely that chemical changes in the brain in.

ﬂsﬁcwa .r”w:n“umsﬁozm emotions, and learning may all be similarly explained.
audeda by S

Forgetting

At some point, all theories of memory must address 5,@ _u?mmﬂ:ﬁ,:o: of .37
getting, We all forget things, but we may ac.mc ?:. many G.:mBE ﬁo.,w.m._zm
reasons. The most common explanations for forgetting are failure to encode,
fatlure to retrieve, and interference.

Failure to encode simply means that the mformation sought during retrieval
was never learned in the first place. Learners often have the illusion of knowing.
Poor readers, for example, typically do not monitor their reading very well
and so believe thev have read and understood something when they have
not done so. Learners with ineffective study strategies face the same prob-
lem. They tend to equate effort with learning rather than monitor the actual
effects of their learning strategies. A student in one of my classes, for exam
ple. could not understand why she had achieved such a low score on one of
the examinations. “But I studied for hours!” she wailed. When I asked how
she had studied, she looked back at me blankly—by rereading her notes m_ﬁ
5,” book, of course. Repetition can only go so far. Elaboration may have
heiped to ensure that course material was solidly encoded in memory:
- EWM%MWMM_ & encoding T:Em,mgﬂrmm.ﬁmm once again the waﬂﬂzzﬂr
chénic and Em E..mwgw relevant prior r:é;.wmnmm in learning. Mdoﬁ.nm%w
s W or Mars, Surfer scenario, consider what relevant kr rani

iarcy could bring to bear in their discussions of car mec

; _amm:a» _uqu.me. it . S ; h to com
SIS S e enoug <
Prehend the ofher mnwa possible that each could retrieve & tion but

not mﬂﬁa.nww— o encade dota
mwu——na to gﬂ{ﬂ

pond appropriately during the conve
\ ils of the conversation for retrieval at
information that has been encoded in mem™

second oz : ously AT
E.ﬁ._ﬁ..x.”mm dsh Mmmﬁd:m msa refers to the inability to access waﬁa:uw_“%“:ﬂ s
hard driye, The Ewmmoaﬁgm like losing the directory to your ¢O7 e.,file

are still there, but without the appropriate €ues V22 i,

and s CCessed 4 ppropnate Jficit

mug?swmw s and retrieved. Issues of encoding %oman e
e4ming have obvious relevance here. The ™
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that are used in encoding, the more likely one or another of them will be
available to facilitate retrieval. In addition, assuming the validity of the dyal-
code theory, the more often encoding cues are generated in both the verbal
and imaginal systems, the more likely retrieval will be facilitated.

A common strategy for enhancing retrieval is note-taking (Gagné &
Driscoll, 1988). This is sometimes known as an external retrieval strategy
(Kiewra, 1985; Kiewra & Frank, 1988; Kiewra et al., 1991) because its vSa\.
uct—notes—serves as memory storage external to the learner. Students who
elaborate on their notes also tend to perform better than those who simply
reread them (Peper & Mayer, 1978), in essence optimizing the effects of en-
coding together with external retrieval.

Finally, long before the development of information-processing theory,
interference was proposed as a cause of forgetting, which meant that other
events or information got in the way of effective retrieval. McGeoch (1932) de-
scribed forgetting of verbal materials in terms of two major laws. According
to the first, forgetting was considered to be a function of the similarity be-
tween the circumstances of learning and testing, much as encoding specific-
ity accounts for retrieval and forgetting now. The second set forth the
conditions of interference, i.e., that numerous events and competing infor-
mation can interfere with the retrieval of target information. Moreover,
interference can occur from information learned either before or after the to-
be-remembered information is learned. For example, retroactive interference
has occurred when you read this chapter, read the next chapter, and then
have difficulty recalling information from this chapter. Later learning inter-
feres with the recall of earlier learned material, particularly as practice on the
later material increases. This makes sense when we consider that informa-
tion learned later is more recent and thus probably vields stronger memory
traces than information learned earlier.

Itis also possible, however, for previous learning to interfere with rdmm
_mmu.E.:m.. This is known as proactive interference, and the degree of interfer-
ence is related to the amount of practice on the original task. Take, for exam-
Ple, the case of a long-time tennis player trying to learn racquetball. Since
both are racket sports, it seems reasonable to believe that knowing one
Would facilitate learning the other. Instead, the well-learned skill of swing-
N8 a tennis racket interferes with the recently learned response of swinging
a facquetball racket. Many plavers will find themselves swinging with the
entire arm, as in tennis, rather than with just the wrist. .

Proactive interference of a kind has also been demonstrated in the
mmmaﬁw and memory of verbal materials Tv. D%»S% adults. mr.r.m and ;fw.wfmﬂ
{1985 investigated so-called memory deficits among older aduits. Results of
Some studies had indicated that older adults remember _wm,.,.‘r%E%zﬁwM
W MMMmmm than do younger adults. In the series of mxﬁmﬂ:,w:? Rice anc w ,W,, _m

ucted, however, they found no evidence to support a memory aetic

E.ﬁmma. they found that older adults, because they had so much more
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miniscing/ 4t " curred.
4 rem e ctive interference :mn._ occurred. When
words, . the effects of the interference were
" ecall ever,
were to rec i ..—Pu&‘ T,C.}m-

ch as ders
o 1 st as much as younger rea !
main _%@,f_H s :.a»..:&mnm ﬂwﬂmm._:m adults, Fry (1992) reached
rerted, an¢ : . conducte 5. : .
averted es ”mmmmﬁc J several concrete ways in which vﬂmm.:.
o cONC FE0ar . r. For instance, visual dis-
similar conCIUMT - dults learn and remember. For it
tioners can help older 2 tter is structured and concept ed can
waﬁ of how the subject :W. : oval cues. Similarly, because problems in
ding and retrieva = e e
w_.o,.am useful encoding H: of adults seem to be a function of declining
n,_a Jearning and ?.Bp.ﬁ,? ::m tal powers, allowing adults to work at their
speed rather than aﬁ_s.:m.iewso:m_ i Finaly, like children, aduls
own pace 152 desirable Emﬁﬂaﬁmﬁ,ﬁ. e iy retrieval (Fry, 1992)
s @ €5
can be taught mOre &.M:,M?.: memory failure can also be caused by other
There is no aa:f:v; ¢ Alzheimer’s disease. These causes, however,

conditions, such as mnz_awdm :.~ e vion and are there fore beyond the
have relatively littie relevance to ins

scope of this chapter.

Implications of CIP for Instruction

Take a moment to reflect on the stages and processes of nom::“(\m W_:%wﬂw_
tion processing that have been discussed in this Q._wvﬁmn. S‘:S ! -.M,mw,, il
imply for instructional strategies? Some suggestions have a s
made, and an integrated model of instruction based on CIP is pr g
Chapter 10. Nonetheless, three mm:m_.m_ recommendations are wor

ing here, These are:

* Providing organized instruction

* Arranging extensive and variable practice

* Enhancing learners’ encoding and memory ,

* Enhancing learners’ self-control of information processing

Providing Organized Instruction 5 b
T

; _ rcher®
The organization of instruction has long been of interest 10 resed anizati®®
cause people will try to impose some meaningful structure o Q‘Wm are
on any new information in order to make sense of it. S0 if 1™

st

%ﬁﬁ “._ﬂasmsi new information in 1»..:n£ﬂ ways, ﬁrmmmﬁwmma 0 ”

e o ¢ Organized to help them do this. As &wn&wmt it ﬁoqas

% aa‘_z.LESc:& tactics such as signaling what Emoa.m«,_ow - ation RH

facilitag ing _..335_ attention to specific features of that in ol P o™
ate selective attention and appropriate pattern recognition:
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encoding and retrieval, as well as counteract the effects of interference, other
tactics are appropriate, such as using imagery and representing information
in multiple ways.

Graphic representations have been particularly effective in facilitating
encoding and memory storage of information. Beissner, Jonassen, and
Grabowski (1994; see also Jonassen, Beissner, & Yacci, 1993) reviewed the use
of graphic techniques in acquiring structural knowledge, which represents
relationships between concepts in a content domain. They concluded that
graphic techniques (such as semantic maps, concept maps, networking) ana-
lyze, elaborate, and integrate subject matter content, as well as illustrate con-
cept relations. The result is enhanced structural knowledge on the part of the
learner. The concept maps that introduce each chapter of this book are a
good example of graphic representations. If designed well, they should
assist you in organizing and understanding the concepts discussed.

Arranging Extensive and Variable Practice

“Practice makes perfect” is a dictum well known to most learners, and in
fact, there is some truth to the saying. As noted earlier in the chapter, auto-
maticity of basic skills is a desirable educational goal, and extensive practice
is one of the ways to help achieve it. Behavioral theorists referred to over-
learning, or practicing a skill until it is so habitual as to require very little
conscious attention. As will be seen in the discussion of learning motor skills
(see Chapter 10), the amount of practice is not the only important variable.
The kind of practice also matters. (As motor learning theorists are apt to say,
“Perfect practice makes perfect!”)

As noted from the evidence on encoding specificity, if the context
changes substantially from encoding to retrieval, learners’ performance may
be impaired. Providing a great deal of varied practice helps learners to attach
multiple cues to what they are learning, so they are more likely to recall it at
test time in a range of appropriate contexts.

Enhancing Learners’ Encoding and Memory

Many students come to college lacking study skills that will help them be suc-
cesstul as learners in the post-high school environment. Often, the goals thev
merm.mrma to achieve are sufficiently more difficult than what they experienced
v“ igh school to put them at risk for failing. To help these students become
»:MBH _mmgmnm. 8:.:5:3? colleges and universities 2.?_, a variety of courses
mﬂﬁmmx_vo:m:nom aimed at enhancing learners’ m.:f.,&nz.m and memory d:.
that :M_nmwmrﬁ are B:mr._ in these courses come directly from resea rch on CIP
m.zmmzm en discussed in this chapter, and z:rcc_ﬁr :#,M are a.:d..i at college
second S, they are by no means limited to this population. mr,acisi. and

ary school teachers, as well as instructional designers and trainers, can
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Enhancing Learners’ mm.:‘ncns.o_

of Information Processing

When we shift the focus from instruction to _mm_.:mwm. aimnﬁz aspects of 5
formation processing become prominent, suggesting .a_:mnm:" sorts of in-
structional implications. Earlier in the chapter, .exmmc:,\m no.::o_ processes
were mentioned that enable the learner to modify information flow within
and between components of the memory system. These processes have been
investigated under the rubric of metacognition (Flavell, 1979; Brown, 1980;

TABLE33 Some Strategies for Enhancing Encoding and Memory

Suggested Strategy Corresponding CIP Process

Listen actively and pay attention to cues signaling Selective attention

what is important,

Encode information in more than one way and more  Dual code, Bcz._.ﬁuo
than one mode. Use acronyms and imagery. memory connection®

Break down complex information into manageable Chunking
parts.

Elaborate on new information with examples that are  Elaboration in encodin
meaningful to you.
Read actively. Make the information personal by Elaboration in encoding

reiatmg it to your own life.

Take notes in your own wor

coding
down verbatim.

ds; don't just write it Elaboration in €0

ﬁ.uj..mhw.m& i the . tic ity
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Duell, 1986). Metacognition refers to one’s awareness of thinking and the self-
regulatory behavior (also known as conditional knowledge [cf. Prawatt, 1989])

(e

that accompanies this awareness.

In the course of learning and problem solving, representative kinds of regula-
tory performance include: knowing when or what one knows or does not
know; predicting the correctness or outcome of one’s performance; planning
ahead and efficiently apportioning the outcomes of one’s cognitive resources
and one’s time; and checking and monitoring the outcomes of one’s solution or
attempt to learn. (Gagné & Glaser, 1987, p. 75)

What is currently known about metacognitive skills and their acquisi-
tion goes well beyond the scope of this chapter, and the interested reader is
referred to Derry and Murphy (1986) and Duell (1986) for their excellent
reviews on the topic. Research results generally indicate, however, that
metacognitive ability depends on person variables, task variables, strategy
variables, and the interaction among all three (Duell, 1986).

With respect to person variables, older learners seem to have a better
understanding of their memory abilities and limitations than do younger
learners. Although students of all ages appear capable of learning various
memory strategies, older learners are more planful and purposeful in their
use of these strategies. Additionally, there is evidence that learning-disabled
children are less efficient and less planful than normal children (Torgeson,
1977). This suggests that instructors should frequently remind younger and
less planful learners when and how to use memory strategies.

Task variables refer to differences in instructional content that influ-
ence use of metacognitive strategies. For example, information that is new to
learners will be approached with quite general learning strategies. As learn-
ers become more proficient in a subject or if the material they are to learn re-
lates to a subject they know quite well already, they employ more domain-
specific strategies (Gagné & Driscoll, 1988). For instructors to use or suggest
the use of particular strategies, then, they should have some idea as to how
much their students already know about the material to be learned.

T:m:w. strategy ,,.mlmr_mm have to do with the metacognitive strategies
themselves, the various ways in which learners may go about encoding,
storing, and retrieving ._:molrm:c:. Some strategies are sO simple that learn-
€rs can acquire them easily by being told what to do. Breaking a complex or
i:ﬂ Fmﬂ&:m task into manageable segments is one example. Other strate-
8les, however, require extensive vnmnnmnm before they can be used easily and
effectively. Taking notes or self-questioning with inferential questions may
be €xamples of this type. 2o A
i Educators generally agree on the importance of w...mn-awmcr?i i g

Ming, as will be especially evident in Chapter 9. Successful ré.z: rs seen
Yo acquire and refine these skills throughout their school and learning 52.5.
But what about the less successful and less proficient learners? Teaching
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e Wq.__m __”mrqc_ioa to the strategies they are _ﬁ:\a:m
prior knowledge that may sarticular, are virtually useless when studengs
Domatn-specific #E_am_cm. _.M_ wo, which they pertain. Second, students mys
know little about the chm.r 3 Lﬁ-»unﬂwwﬁ__hnﬂﬂv~ mw—.mnmwmmm.w Bmu\ g Gmnﬁ»n:a.c_e.
b e ey Borkowdid, & O'Sullivan 1984; Prawatt, 1989, Say.
i e qzm.,,.w.rz.mm_ _A_rﬁh;:m how to be planful is not enough to
B s Ib:...ﬁ nful. Having such conditional knowledge does
ruarantee that one will be planful. Having :
v:&w rantee that one will always use it. But realizing when and why such
MH__J%JW:. will be useful in ,ﬁ::rcl:m learning goals helps to motivate stu-
dents to engage in metacognitive, self-regulatory ways.
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Conclusion

As noted in the previous chapter, B. F. Skinner continued to argue mmm._:a
the necessity for inventing mental fictions to account for learning. At :Jm
Roediger (1980) seemed to side with Skinner when he pointed out the proli-
eration of mental entities in current models of human memory and ques-
foned what we have really learned from them. His conclusion, rcs.o:.q
was not that mental constructs are useless, but that we should be cautious it
what we take them to mean about learning and memory.
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sented, along with the similar ideas of schema theo
Chapter 5, situated cognition, with its emphasis on
ative and procedural knowledge, will be explored.

ry and mental models. In
the integration of declar-

A CIP Look at “Kermit and the Keyboard”

Let us consider some cognitive m:mc«E.g:o:-anCumSm conce
be relevant in understanding and explaining Kermit’s learnin
An information-processing analysis of the act of
keyboard might go something like this.

Kermit must first attend to the printed page of a musical score (the in-
put). To process its contents requires recognition of the symbols (reading
music is a process similar to reading text) and relating this to what he al-
ready knows. For instance, he notes the signature, which tells him how many
beats per measure, and the key, which indicates how many sharps or flats.
This information is retrieved to assist him in organizing a response, which is
pressing down each key as it corresponds to that indicated in the score.

Frequent rehearsal helps Kermit's playing to become more automatic
and less fraught with mistakes. Using different voices and backgrounds en-
ables Kermit to vary the encoding cues so that he learns to play the same
song in different contexts. One might explain his persistent error in “House
of the Rising Sun” as a consequence of encoding specificity. He makes this
mistake only when a particular background is used, the same background
with which he made the mistake in the first place.

Reading the keyboard manual could be, for Kermit, v
Rosemary’s experience of reading the compute
Tale of Two Readers,” Highly unfamiliar and complex and difficult content
<an cause comprehension problems, which Kermit encounters.

CIP offers a useful perspective on the continuing development of Ker-
mit's rcv&cmw&:m skills, but behaviorism provides a better explanation of
why Kermit spends 20 minutes practicing some days and an hour other
n_a.v&_ However, like behaviorism, CIP offers no particular insights into Ker-
Mit's motivation to study the keyboard to begin with.

pts that might
g in this story.
performing a song at the

ery much like
r manual in the scenario “A




