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¢ his speech, much less learn to any normal extent However, within
cover 1S i i . |
. aths, he had begun talking again, and by first Brade, appeared 1o be like
manths,

iy other first grader in his class.
ever

What do these scenarios r.:..,. in common? On the surface, pethaps nof
much, But they raise ,f,_.::_.: L:...z:c:,,.” about _»..:.E.:x :.:: have not yet been
secounted for in detail by any _,p..:‘::i :4#.».:% :1.:.:,.. to what extent is
jaring governed by biological factors? Is it Just coincidence that Mercedes
and Miriam excelled in the same academic subject, chose the same carcer,
and enrolled in the same job-related training program? Can their behavior be
atistactorily explained by reference to contingencies of reinforcement in
therr respective learning histories? Can similar conditions be found in their
environments that would account for particularly well-learned mental
madels in mathematics? Or is their genetic inheritance responsible to some
degree for the way their lives play out?

Similarly, most of us carry an intuitive belief that the brain is somehow
mplicated in learning. Children with Down syndrome, for example, rarely
attain the mental E:m:&::ﬁ of normal children. At the other end of ﬁ.?. age
@ntinuum, Alzheimer’s disease, associated with a severe reduction of a par-
beular Neurotransmitter in the brain cortex, can cause extensive memory loss
g mental impairment. Yet Mario, in the Brain Damage scenario, appears .r..
fully overcome the impairment caused by brain injury. (Although this scenario
Sfictional, it js consistent with the results of neurophysiological studies to be
,&./.d./,.fd in this chapter.) The question remains, then, What 3#. does the
brain Play in learning, cognitive development, and memory E?ﬁﬂ::ﬂ .
bhas Uenetic inheritance and brain physiology are the focal points E.q.n?,_.
i lines of biological research related to learning. Together with individua

M,.zovSmE and the adaptive significance of species r.rmnmﬁna.nzwww they p._cﬂ,.
SPond to - . . S e ions for behavior (cf.
Dewshy, © the types of causes biologists seek as explanatio
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Explaining E:Onc._ﬁ vision only in terms of human anatomy ang
physiology, however, still leaves open the question of why humans deye.
oped the anatomical structures and mﬂOmmmmmm that they have. In other words
why are our eyes set close together in our heads? Asking questions such mm
this are evolutionary psychologists in search of ultimate causes of human be.
havior. They look to ev olution to ﬁaoiam the answers. With regard to bingc-
ular vision, for example, those ancestors who could distinguish depth were
undoubtedly more successful at hunting prey and finding their way through
a variety of terrains. These behaviors, in turn, proved to be adaptive in the
overall struggle for survival. As a result, the genes governing close eye
placement gradually dominated through a process of natural selection.

Understanding teenage boys’ viewing preferences might also be en-
lightened by reference to ultimate causes. That is, sexual behavior in general
is related to reproductive fitness in ancestral populations. In the Pleistocene
environment, during which 99 percent of human evolution occurred (Cos-
mides, Tooby, & Barkow, 1992), the vrzmwnm_ correlates of female nubility
probably indicated a young woman of 15 to 18 years of age. Although the
perception of a woman'’s sexual attractiveness in modern times is less depen-
dent on age than it was in ancestral times, younger women are still likely to
be seen as more sexually attractive than are older women (Symons, 1992). I
stands to reason, then, that adolescent boys are attracted to pictures of nubile
young women.

From two branches of biology, then, we see separate and distinct con”
tributions to an overall understanding of the biological bases of human
learning and behavior (Figure 8.1). Both are examined further in this nr%ﬁ
F addition, however, the question is addressed as to what, if any, ﬁaﬂ:%.
implications for instruction may be drawn from these twoO fields of st
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o man (1986) noted with concern ﬂrm". educators often adopt uncritically
Q%. rop riately results from neuroscience research. She argued for more
and JMWM theorizing that will situate neurological interventions within an
q:_;w_ od ucational enterprise, since, “pills do not, after all, teach reading”
omm nan, 1986, P- 226). Bruer (1997) expressed a similar sentiment when he
Am%n_w:%n_ that it was a bridge too far to suggest that particular educational
Kctivities will lead to specific changes in the v.,,&:, In light of these concerns,
ihe intersection between biology and instruction is examined.

Ultimate Causes: Evolution and Behavior

It goes without saying that Charles Darwin’s concept of natural mm._mn:o: in
evolution lies at the very heart of sociobiology. The idea of evolution—that
present living forms are descendents of long-extinct m:nmm,”.o_,‘mlrma already
been established prior to the publication in 1859 of Darwin’s most mmaccm.
work, Origin of Species. What Darwin contributed was a reasonable theory
for how evolutionary changes come about. That is, he ?dvom& a process om.
natural selection. In the struggle for existence, organisms that are vml.mn:.,.
adapted to their environments will survive unchanged. In conditions of _,mmm
than perfect adaptation, however, those organisms that rm,...m traits mnmg:.m
them to struggle more effectively than other organisms f.: pass on EMX.
genes to more offspring. Over many generations, some traits will be .:a »:
tally selected over others, with these changes manifested in the genetic
B%mmw and behavior of the organisms.
volutionary psychology rests on the a A
of behavior is Emw_ w:_w“uaamam—.ﬁ, evolutionary biology- That is, e e
ing the process that designed the human mind [is expected to] ady vl
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"ol 199, . 3) i logists focus on evolved E.a_%c_om.?
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serve a specific function and :,Em ,ﬁ.._S. a specific ?.c_u._m_.: Or natura
tion pressure (Symons, 1992). There is no mc:ﬁ.m_ function or mechan
promoting gene survival. The goal of evolutionary psychology, th
comes one of understanding the many domain-specific specialized f
of the mind, how these arose to solve the problems of survival, a
they might mean for human behavior.

Let us now take a closer look at some of the possible insights an evoly.
tionary perspective might offer for theories of learning and behavior.

] selec.
ism for
€en, be.
unctiong
nd what

Evolution and Conditioning

Reflect back, for a moment, on the discussions in Chapters 1 and 2 of classi-
cal and operant conditioning. No hint was ever given that the laws of condi-
tioning might be species-specific. Skinner, in fact, held just the opposite view.
He believed strongly that learning proceeded in much the same way for all
species. Whatever biological constraints could be identified (e.g., animals
can hear only certain frequencies of sound and see only certain spectra of
light) were assumed to be peripheral to learning.

Despite Skinner’s assumption of, and belief in, general learning laws,
others have not been so convinced. Students in my learning classes, for exam-
ple, pose questions every semester about the limits of conditioning _u.,w:n__vi.
Even before we discuss biological factors in learning, they wonder why pi-
geons learn to peck circles much faster than rats learn to press levers (both
undergoing shaping in a Skinner box). Could the differences in performance
be attributed to species-specific evolutionary differences—differences %m
predispose organisms to learning certain things? An evolutionary view ©
learning and behavior in effect integrates common notions of Emgg,.w
versus learned behavior. Some researchers have gone so far as to s2¥ m__w

this distinction [between learned and instinctive behavior] is nan_mawm

mm urious; you cannot have one without the other.... Learning itself may
e ﬁ_,a_,”wmnwmwsmmuﬂa (Garcia, Brett, & Rusiniak, Homo‘.ﬁ. 200). orant cond-
tioning are wcmw_nhmsnm. now to suggest that both classical mﬂm wﬁmnam_.\ results
of studies op ﬂ_mmnn . . _o_.o w_n.m_ _.:m:m:nmm. <<.;r respect to e d to associat®
oo no:&:csmam w.( ersion indicate that ma.a...m_m are .vnm__u.mwmcn are not Pre
Pared to associaga M»ﬂ:c: S:.rmo:ﬁ :wnoz.g_:.o:mn_ stimult, L diti oned stim”
uli (Mowrer and K] S iitisngd .ch:r s m:omm i nonm:n:& il
now-classic ﬁca<5mﬁw Homo.v. Garcia and Koelling Gwm@m& .
g e i ch this phenomenon was discover +ed two condi®
actorial design, Garcia and Koelling (1966) pa 2 drug P

tioned stirm..1: s
acasmmm___ﬂ:r Wavor ang noise) with two unconditioned stimuli A& classicd
non&zc&:wmmh”m. 2 shock prog ucing pain). Under the meMmE his €3/
to avoid any con amn_mwﬂ._m. the researchers expected the subjects (ra

of illness o pain. Wh
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rats developed a strong m<m~mmc:, to mw_nnﬁrmmimwzwéﬂma Eam: only when it co-
ided with illness. They continued to drink it when pain was the conse-
- Likewise, rats who were shocked attempted to avoid the associated
%.m%wa rats who were sickened paid no attention to it.
:955:& replications of this study (e.g., Domjon, 1980; Garcia, Clarke, &
Hankins, 1973) strengthened the conclusions that rats are genetically predis-
m. d ﬁo‘%mmm associations. Upon becoming sick, the rat is likely to attribute
w%Hm:mm of its distress to the most recent, novel substance ingested. In other
words, “It must be something I ate,” but since familiar foods had not previ-
ously caused illness, that something must be the most recent, _cnrqs_:mﬂ
food. Pet owners may recognize this same phenomenon in their animals.
Shortly after eating a new kind of dog food I had purchased, my dog became
ill. Although a kind of viral infection was later diagnosed, he thereafter re-
fused to eat that brand of dog food. ;

Clearly, developing taste aversions to foods that cause __mem and
avoiding external cues associated with pain are adaptive an:m.:_mam Em_
increase an animal’s fitness for survival. Based on the same _wm_o associa-
tions involved in phobias may also be both selective and adaptive Fcroﬁo
& Droungas, 1989). Snakes and spiders were dangerous to pretechnological
man. As a result, we may now be predisposed to fear them.

Like classically conditioned associations, operant behaviors appear :.”o
be influenced by biological factors. Breland and Breland (1961) no_zwm e
term instinctive drift after witnessing a deterioration of operant vm:mﬂ..u.n. in
ained animals over an extended period of training. As part _& an m.n<m~”wﬂrm
gmmick, they trained pigs and raccoons to deposit coins in a pIggy o
They followed typical shaping and chaining procedures, using food as

Unconditioned Stimulus

; in
Drug (producingillness) ~ Shock (producing pa )
Flavor Strong mwﬂm=m
?azo:& Association
mzac_cm s
| Strong
esul
\
w_nc ;
RE oY
wsﬁ o\ﬂw Resuys of Pairing Two Types of Conditioned Stimuli wt
Sy OMditioned Stimyl

odif;
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reinforcer. At first, the pigs and raccoons demonstrated flawless performance__
picking up, on cue, @ coin or two and &mﬁ.om_a:m it in the receptacle thyt
served as the piggy bank. With repeated trials, however, the pigs beg mzw
root at the coins. The raccoons, after initiating the procedure properly s.oEM
not release the coins into the bin, instead rubbing them together and m:uvm:
them in and out of the bin. 8

The Brelands hypothesized that the food reward elicited species-specific
feeding patterns which ultimately interfered with the operant response bein
conditioned. With the notion of instinctive drift, they suggested that :d?m
tive behaviors may eventually dominate operant behavior in many circum-
stances. Their results have been supported by studies investigating neural
substrates of reinforcement (e.g., Vaccarino, Schiff, & Glickman, 1989). That is,
significant correlations have been found between stimuli that serve as rein-
forcers and stimuli that elicit species-characteristic feeding patterns.

Evolution and Cognition

“Even m.:z_u_m organisms, such as scorpionflies and bluegill sunfish, must
process information from their environment and make decisions on the basis
of it if Em:. interactions with...physical aspects of their environment are to
be m.amvs,cm.. (Crawford & Anderson, 1989). This suggests that human infor-
mation-processing mechanisms may have evolved to reflect the types of
problems faced by early humans in their ancestral environment.
c As a means of studying evolutionary influences on cognition
gwﬁmw.ﬂa her colleagues (Cosmides, 1989; Cosmides & Tooby, 198%
s Qu_oMMA_.\ & n.OmBamm\ 1989, 1992; Cosmides et al., 1992) noznmnzwm_.
o &ﬁmz,wrﬁ earning mechanisms called Darwinian algorithms. Um_e:w.
1993) m:n Eam‘ are presumed to be in the neural architecture Annms.momm
i €Y constitute the psychological adaptations that have oot
Ognition over evolutionary time.

Hw&mmﬂmhﬁﬂﬁ_ﬁ recall from Chapter 4 the reasoning task Ciroudati _ﬂm
Subjects are a Wmacm& to investigate context dependency in logical Bmuo:)w%m.
of the card z._m to reason from such rules as, “If there is a vowel on o:mmge
mance is px ere should be an even number on the other side.” Whilé P¢ ally
When vms.wmvm ©on problems using the rule as stated, it improves m_‘m:s:m%_:
$30, the store .M_Mww_:wo 2 familiar context (e.g., “If a purchase is .m.qm:ma.‘

wnymsm.mrwc wm.q $ signature must be on the back of the receip! v,%m&:.
dency of amsasEm interpreted such results to support the context 1989)
that the results Jﬁw.&cw ﬁ...umBhamm has argued (cf. Cosmides & l_woaww\nwmamw
buumans must ey idence of Darwinian algorithms. That 15 them ¢
rapidly and aceo . s olved some cognitive mechanism that enabled T o
cheaters” m ,ainﬁ cheaters on social contracts. This ”

- s then assumed to account for the comp
* can be solved using the store manager rule

CCurately
mechanismy,
nich proble

with wi arative
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A focus on .5<mn.mm:~ nom:??.m anrmE.mb.\ rather than invariant be-
havior, Emzmm_:m two important voﬁa made earlier in the chapter. First, not
Il behavior is assumed to be mammﬂ.:\m under current environmental condi-
ions. Second, NUMETOUS, Smr-mwm.n_mn mental mechanisms are assumed to ac-
count for learning rather than a single, general .anrm:wmﬂ. Remember from
Chapter 3 that Estes (1988) has already nmc:o:.mn_ cognitive scientists to
expect their models of memory .8 be proved inadequate, because such
nodels are currently based on a uniform, parallel processing computer meta-
phor. However, “organisms have not evolved general mechanisms for diges-
tion; they have evolved particular devices for dealing with the particular
foods encountered in their ancestral environment. Similarly, from an evolu-
tionary perspective, the human brain/mind can be expected to comprise nu-
merous, specific, complex mechanisms that evolved in response to ancestral
environmental conditions, rather than simple, general processes of associa-
tion and symbol manipulation” (Crawford & Anderson, 1989, p. 1454). By at-
tempting to understand ancestral environmental conditions, then, we may
gain clues to the nature of human cognitive mechanisms.

Evolutionary biology has also influenced theories of cognitive develop-
ment, as we have seen with Piaget’s theory in Chapter 6. Piaget believed that
children’s transitions from stage to stage in development resulted in ever
more adaptive modes of thinking and reasoning. In this way, he conceived of
cognitive development as a process paralleling evolutionary change. m<o._?
ao:m.h y concepts, then, served for Piaget as a framework for understanding
‘©gnitive development.

Others have suggested that Piaget’s genetic epistemology may inform
“olutionary biology. For example, the reasons for organisms developing the
vsmanimw forms they do cannot be attributed solely to genetic factors adapt-
,mm_wo”o par :n:._mﬂ environments. Certainly that does occur, just as &.:EE: ﬂ_mm.
._wwoﬂﬁovmazqm schemes adapted to their environments. But n:__n.:m: wam..m
Ssammwmo_._m:\ create new schemes of behavior for which mﬁnﬁovm_ﬂa M.Mq :
the Qmam m“:.. then .ﬂmmcwma if possible” (Goodwin, 1985, m..uuv. In = w_ﬂ.znm
toapply Ple was given of children actively seeking .no:&:o:m ::,.. M.Eu. i
pig &mwso new understanding. Translated into go_om_nm_ .m::.n i
Occyy, ?caqu..:ﬁm:mo:m reorganization within the dmnma:ma. Mcﬂm,n mmm:ﬁ
Which mu ucing organisms with new morphologies m:.n_ betes ._m.._‘o_m,am:m;
“00dwin %cmwm: either discover or create wvﬁaﬁamnm VAP
Crag w__wef._m.i of evolution has been hailed as W:mmmr,*cﬂ 2 iheories in
both WMMW: o= an overdap in m?.&on:ﬁ:s_ .m..:m wﬁ_u:._wm_nﬂwﬁm aspects
vi Pt to explain the capacity of organisms f social structures

Tonment. But the disregard for the impact of ¢ Geaife, 1985), @
AQS,.m_cvSS‘: is considered a serious o,,.ea_mrw,f”“ mm Bruner
H..w:?_m,.“ﬂﬁmic_._m agreement with the theoretical position-

Y that were discussed in Chapter 7.
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Implications of Evolutionary Psychology
for Learning and Instruction

What conclusions can we draw ?0,3 sociobiology 9& might inform oy g
of learning? One, c:momugma:c is 5.3 our mm:msﬁ, evolutionary her
imposes certain 8355%.0: learning, or amﬁmﬁs_:mm.ﬁam&mﬁOmEo:m to
Jearn certain things in certain ways. Another, however, is that :n%a;voﬂ.
tions and constraints are outcomes, not causes” (Timberlake & Lucas, 1989,
p.260). In other words, what is mnﬂcwzw _wm_.:.mn_ and exhibited depends as
much on particular environmental stimuli as it does on genetic history. Let
us examine these two conclusions more closely.

The role of evolutionary factors in conditioning suggests a more carefy|
analysis of current behavior, desired behavior, and possible reinforcers in
light of potential learning predispositions. For example, if humans are pre-
disposed to fear snakes and spiders, such phobias, once acquired, may be ex-
tremely resistant to extinction (Lohordo & Droungas, 1989). A program
designed to teach people to overcome their fears may therefore be ineffective
if it relies solely on cognitive, informational factors (e.g., “Spiders are good
because they eat other insects”). A learner might agree with such statements
intellectually, but find that instinctive reactions prevail when a spider is en-
countered. Systematic desensitization programs, on the other hand, provide

continued and increasing exposure to the feared object in such a way that in-
stinctive reactions can be overcome,

E&,
:mmm

In behavioral interventions, the type of reinforcer chosen may ::_J
ence the degree to which desired behavior is learned. Breland and Brelan
(. : ‘ P . S fee z
(1961) hypothesized that their food reward elicited x?.n:.m}_..c,:: feeding
> i { i vt dee srant
patterns that interfered with the animals’ acquisition of the desire d oper
shav! ] h , _. ans
behavior, It is possible that the overuse of primary reinforcers with _:::*_ :
would have a similar effoct, Finally, behaviors that are most gimilar tow _
Ve - . . o ondl
“, oved adaptive in ancestral populations are likely to be the casiest ::* -
0n , . ' i 1y . ed ISPy
- (Timberlake & Lucas, 1989). Likewise, behaviors for which ::ﬁ__, )_*,_:
on to learn has developed are likely to be more difficult to establish. it
ox . - . ’ tELare 1
m::_._._. these might include reac tions to people who are different ___ m o
seives, In o Lackd  feared ant
prifyst: carly human s ieties, strangers were commonly fear ._ bal nd
ded fye A ) v slobat «
’ ::__..:_: pation within the group. However, today’s _r_ o
Ciltiral ! - WP ive in ha
| . sociely requires that different races learn to live 1t gent
Or ::r _:_:._: I - . . _ﬂ.m:_t.:__:
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sgainst the idea that all ncﬁ_.a.ﬂw vmwma.mo_a :w.:.m_ﬁ _u.m ma.m.v%m_. Instea
sted that evolutionary traits an _ ecologica conditions interact
m%%.mo_,. Zoﬂmowmn.mzsngamam noq.a:_o:m. can m,xm: .,u: influence either at
ihe time a behavior is mxr__u:ma.on QE.EW the individual’s development.

To understand how these interactions may operate, consider the follow-
ing examples ammnl_u.ma by Qmimo.a E.i Anderson :.oms. Three mating tac-
tics can be observed in male mno_‘?a::_mmn (1) presenting a dead insect to the
emale as a nuptial gift, (2) generating a salivary mass to offer as a nuptial
gift, or (3) forcing copulation without a nuptial gift. Which tactic is followed
depends solely on current environmental conditions, namely, how many
males are competing for the limited number of females and how abundant
are the insects offered as nuptial gifts. When there are few females and many
males, for example, forced copulation is the observed tactic. When the num-
bers are reversed, however, and plenty of insects are available, the male scor-
pionfly is most likely to offer an insect as a nuptial gift.

Looking at the reproductive tactics of humans reveals an analogous ex-
ample, except that the tactic pursued later in life appears to depend upon cir-
cumstances experienced in childhood. That is,

Q. z._m.< mcma
to produce

The child whose father is not involved in the family is ‘being prepared’ tor life
Ina society where males frequently compete for access to a number of females
and do not form enduring bonds or provide much investment in their off-
spring. The child whose father is deeply involved in the family, on the other
__a_a. is developing attributes enabling it to maximize its reproductive success
N a society where males form long-lasting relationships with a single female

and provide a high level of investment in their offspring. (Crawford & Ander-
son, 1989, p. 1452)

ioral ,“__.,_._.__”...i,_:,,_.c.; senes may control the mechanisms that ?,9._:,,,“ ﬁ_“ﬂ ._
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Unn S determine which behavior is learned ;.:; _:.::,:.L? N
weling the relationship between genetic histories and environ

o Bendies is no easy task, especially in humans. For abvious :,._..

._:,_:.;..“___”__,. Of twins, particularly those reared apart, otters the _:.‘L __“..“:...

d Anderson (1989) suggested that groups of identical twin
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twins, then, as described in the Twins scenario, we can reach no firm cong]
sions about the relative impact of genetic history versus environmenta| 8:.
ditions on learning. Yet, the striking similarities seen among twins nmmssa.
apart perhaps precludes an extreme environmentalist interpretation,

Finally, it is important to realize that the human environment hgs
changed dramatically in recent years. This leads to the possibility that previ-
ously adaptive behavior may be no longer adaptive or socially acceptable
(Crawford & Anderson, 1989). Behaviors related to sexual competition
among men for women, for example, probably correlated highly with repro-
ductive fitness in ancestral populations. Today, however, they are more
likely to be viewed as sexist. Similarly, behaviors that could have reduced fit-
ness thousands of generations ago may now be culturally accepted or even
desirable. The adoption of unrelated children is a possible example. In either
case, such behaviors may present problems for learning. No matter what our
training, we may occasionally respond negatively to situations once associ-
ated with reduced fitness. In the same way, we may find it difficult to elimi-
nate completely ways of thinking, speaking, or acting that have been favored
by natural selection in the distant past.

In schools, one impact of a rapidly changing environment has been the
neglect of children’s biologically based needs for belonging to and working
withina group (Bernhard, 1988). Even in cooperative learning structures, in-
dividual achievement and individual accountability are stressed (Slavin
1991). Yet, in early human societies, “effective defense against predators and
the hunting of game were both necessarily cooperative ventures” (582"
1977, p. 104). And “reciprocity in a foraging band [was] ensured by 2 virey
of relationships and conventions that tie[d] individuals together and Boz_.
vate[d] cooperation. No such relations or traditions exist in the mm:o%m.
except in the most attenuated and abstracted forms” (Bernhard: e
pp. 121-122). .

What this view suggests for instruction, then, is a greater mBn\rmw_WE.
cooperation in learning, which supports the views of Bruner w:m ,quqo ical
that were discussed in the previous chapter. Perhaps what a moﬁcw_o%ﬁmu&
perspective adds to the picture thus far created is an emphasis oF ex
vaujmjaﬁ in groups, where students work within the sa
aﬁnﬂ”ﬂﬂa H Ew:. way, ar__m%: must work out their social d
ings ,\x%:ﬂ“.i Ncw :Hw.:»._::_-mw“w n_.:_‘.._va.w\ as well, because B_Wm:vx in 3%.\4 ’
adult society «%.MS by _m .FENSN societies and occur 3&% o imi
their older m..v?... c Nm« Chéioon can leam s1uch m::‘_: ewmm.@._ m&v«
8 orhiers :.v:..« ‘:‘_« niwq children gain valuable informatio

Y s 5?.3.‘_,. with younger children (Bernhard,
ummarized in Table 8.1 are principles for learning

1@.)& fre
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g8l Implications of Sociobiology for Learning and Instruction

TABL
principle Implication for Instruction
1. Humans may be predisposed Programs designed to teach people to

overcome their fears are likely to be
most effective when they include
systematic desensitization.

to certain fears.

2. Behaviors for which thereisno  Extensive time and practice should be built
predisposition to learn (e.g., into teaching programs for these behaviors.
that were either not required or ~ For example, computers are an artifact of
not adaptive for ancestral current culture, so that humans may require

populations) may be difficult extensive practice to become skilled in their
to establish. use.
3. Previously adaptive behavior, Time and practice are again key variables for

which is no longer useful in effective instruction when these behaviors are
today’s society, may be difficult  inadvertently triggered. For example, learners
to overcome. in cooperative learning groups may initially
experience difficulty working together,
because they must work out their differences
and establish appropriate social bonds.
Attitude learning is at issue here, because
learners must be convinced that these mnmea
populations may be difficult are now desirable in the context of today’s

Reskblish. society. For example, Jearning to work
cooperatively with other races may be a matter

of perceiving and valuing a common goal.

4. Actions once associated with
decreased fitness in ancestral

Proximate Cayses: Neurophysiology

s ; . is information
%MH of the great scientific questions of our day 1s: mwm,_‘, FM%? in s0-
:av:ﬂ_md and stored in the brain?” (Martinez & Kesner } :_u Consider the
very aw wmx no easy answers to this question are ?2:8%_ m: neurons and
500 _ ficulty of the task. The human brain has some i ower & Hil
gard N\:mvﬁf all linked together in En?.&_,u_m comp : tanding

- 1981, Moreover, most studies of the brain ar¢ aime

What er, hysiolog :
i . ) i . s y a
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:a .
£ 0 " : sme -
M g, ur SENsSory systems for vision, hearing, tems) are not con

tore

. i . # scle sys

iderey ﬂv:f.:_:xuﬂ of effectors (i.e., different musc systems into R:.:sw
_._i.rﬁ?ﬁ _M.S:i to study. Even without Er_:mhvﬂjwwi:ﬁ: 1o memory a0
. nding A its

Biitic __\..:..r the neurobiology of the brain an

2 formidable enterprise.
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Despite the difficulties inherent in studying the brain, Neuroscientist
have made remarkable progress in understanding its structures and :Snm.
tions. From early beliefs that specific memories and cognitive functiong must
be located in particular regions of the brain, views about information storage
have evolved to implicate brain systems regulating storage and the capacity
for storage. In addition, most neuroscience evidence is used together with
cognitive analyses in drawing conclusions about the brain and learning (cf.
Schacter, 1992). Let us look further at how these views have evolved, as wel|
as the evidence for prevailing views. In addition, brain systems as they relate
to processes of attention, cognitive development, and knowledge representa-
tion are discussed.

An Overview of Neural Architecture Implicated
in Learning

Perhaps the best way to begin is with a review of the neural architecture of
_n.&:::m and memory as we currently know it. Pictured in Figure 83 isa right
side view of the human brain, showing the lobes of the cerebral cortex, the
cerebellum, and part of the brain stem. The line labeled hippocampus points
.:dE the general location of the organ. Since it is found on the medial area (of
inside) of the temporal lobe, it would not actually be seen from this view.
Which structures in the brain have been specifically implicated in
learning? First, the frontal lobe appears to be associated primarily with a
tention, specifically, the ability to pay attention on cue. The left frontal lobe is
also the site of what is known as Broca’s area, which seems to be responsible
3« our ability to speak. The parietal lobe has been associated with the 075"
nizing aspects of attention, that is, the ability to attend to specific difference®
In stimulation, such as different letters M_:\-.mm%:.m. The parietal lobe also

Parietal lobe

Frontal 1008
Hippoca™P“*
Temporal 1%
Cer ebellum
Meduiia
S R -

FICURES3 Amop — N
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eems to be involved in procedural memory, or being able to carry out proce-
dural tasks.

The hippocampus plays perhaps the largest role in learning and mem-
orv. On one hand, it appears to be involved in our ability to selectively allocate
attention and orient us to sudden events which demand attention. In this
role, the hippocampus appears to be aided by subcortical mechanisms, prob-
ably from the thalamus (in the brain stem structure). A second function of
%m.E_unoSBvcm\ however, seems to be as mediator of declarative learning,
or knowledge of facts and concepts. It is also likely that this role involves or-
ganizing memory traces made up of cell assemblies in many areas of the
brain. Finally, the left hemisphere (the unseen side of Figure 8.3) is impli-
ated in language and analytic functions, whereas the right hemisphere
(shown in Figure 8.3) is implicated in visual-spatial functions.

What is not obvious in the diagram, of course, is that each brain struc-
ture is made up of millions of neurons and thousands of synapses. Strong ev-
idence suggests that number alone, however, cannot fully explain human
itelligence (Gazzaniga, 1995). Development causes a differentiation of neu-
rons and synaptic changes. But learning, as well, appears to result in new
dendrites and many new temporary synapses (at least in the hippocampus
mxoxzws.mmm\ 1986]), some of which remain as stable modifications to the
neural architecture. Finally, hormones and neurotransmitters (substances
that permit communication between neurons) are certainly involved in
memory formation and modulation, but their roles are far from being fully
understood.

_oﬁawﬂ us now consider the evidence for how the brain is involved in
8 and memory.

Cerebra) Localization and the Search for the Engram

Oty 3 i
Urintuitive beliefs about the brain as the seat of memory and mind havea

wﬁw and distinguished history. Early Greek vr.__omo_u:ww.m: _:_n_ma_”m

:rm:wmosm and Plato, subscribed to this view. Medieval ﬁrﬁ_om:w c:m:l

AD. Tm_ﬂ by the medical pronouncements of Galen in the %Q.u__w_ mm:a:\.

z:...am _,m.<mn_ that different parts of the brain were each E%Q..Gr Moﬁ? el

m ?.E:omommnm_ functions. Even Descartes, the father 1.3_: 2 c.; p

:,\, ocated memories in the brain and not the soul With the w e
/ _ow%r Gall (1758-1828), however, came extended efforts 10

™al facylein. - ; R be responsible
them ulties in the specific areas of the brain thought to
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apparent in a long prominence on the skull of thiev
stein & Boring, 1968).
Although Gall’s phrenology captured the imagination of

es (Gall, citeg in Herrp.

. J . :Jm. 0
at the time, it was not held in high regard by his scientific nc:mmwzom. mﬂww
his harshest critics, an experimental physiologist named Jean Marie m_ocaw S
S

(1794-1867), conducted studies to prove that the brain’s functions are dis
tributed throughout rather than localized to a specific region. Flourens a“
moved (ablated) or destroyed (lesioned) parts of animals’ brains ang
observed the behavior changes that resulted. Instead of losing specific abil;.
ties or cognitive functions, as phrenology predicted, animals simply
more stupid overall as more of their brain was removed.

Despite Flourens’s evidence for a distributionist view of brain function,
scientists continued to find appealing the idea of localized centers for brain
activity. In 1861, Paul Broca published the clinical findings of a patient who
suffered from loss of articulate speech. After the patient’s death, an autopsy
of his brain revealed lesions in the left front neocortex. Broca argued that this
region of the brain, subsequently known as Broca’s area, must be responsible
for the observed aphasia. A few years later, two German physiologists,
Fritsch and Hitzig, conducted a series of studies in which they were able to
produce eye movements in a patient by stimulating certain areas of the cere-
bral cortex (Herrnstein & Boring, 1968). Their findings, together with those
of Broca, suggested that the brain does possess some specialized areas for
certain functions. Whether specific memories could be traced to regions of
the brain, however, was still an open question. ) B

In the early 1900s, while still a graduate student working <.<=: _o_:._s.
Watson, Karl Lashley began the search for the engram, or trace in the _ﬂws
storing a particular memory. “One has the feeling that then and ::c&m -+
his life, Lashley wanted to believe in localization of the memory ,:m?_‘S_‘
his own results kept confounding his belief” (Donegan & ‘_,:canmcm oy
p-8). In a series of investigations, Lashley and Franz (1917) hac H_ma._‘ fron-
mazes and systematically ablated or lesioned varying amounts c.: Jude, 11
tal cortex before or after learning. Their results forced Lashley 10 ro_._an erebrdl
his classic 1929 monograph, that memory traces are stored in the
cortex but that they are not localized.

In Lashley’s studies, the rats appeared to gradually lose &
learn or remember a maze as more and more of their brains Emw_ ”
destroyed. But loss in learning ability or memory did not chmc_..m.a. «
of the site of brain tissue destruction. Lashley’s results, then, <<Q~ s
with those of Flourens, providing additional evidence to suppor
tionist view of the brain. ivi

If we accept the proposal that learning and memory ae s rits
S::_m.._u.&_.:‘ then how are we to account for the findings @ " jest”
and Hitzig mentioned earlier? At least one answer can be fe
approach to localization adopted by Flourens, Lashley, and ot

became

heir ability ¥
emoved
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ate and mcaﬁ_c.x nature of the brain, it mm. likely that the
one part will have E_amqumma m:mnmm‘ not no:?._ma toasingle memory. “It is,
in the words of 1m<_o<‘.mw if one v:.:n% a delicate machine with a sledge
hammer and then studied the results” (Brogden & Gantt, 1942; cited in
Donegan & Thompson, 1991, p. 9). o

More modern approaches to localization now include electrical stimu-
ation to parts of the brain, as well as intracranial injections of drugs to block
or activate particular neurotransmitter-receptor systems. Although these
techniques are admittedly less invasive than removal or destruction of brain
tissue, they, too, typically affect more than a single cell or anatomical location
in the brain. As a result, for progress to be made in understanding the neural
substrates of learning and memory, the problem of localization had to be
conceptualized with alternate assumptions. Donald Hebb, a former student
of Lashley’s, provided the insight when he proposed the concept of cell as-
sembly (Donegan & Thompson, 1991).

According to Hebb, memories are not represented by a single neuron,
but by a network of neurons—the cell assembly—in the cerebral cortex.
Moreover, these neurons are thought to be distributed and able to participate
inmore than one memory. This means that a given memory is localized in
the sense of it being represented by a particular cell assembly, but it cannot
be anatomically located since the neurons making up the assembly are
distributed throughout the cortex. Notice the similarity between the cell as-
sembly and the model of memory proposed by the parallel distributed pro-
cssing theorists (see Chapter 3). They, too, argued that networks of sub-
symbolic units participated in EOnmmm_,:x and memory. Hebb’s theory not
only had the effect of renewing interest on the part of researchers in analyz-
Hms:osc_em.nm_ substrates of learning and memory in the brain, but also
g..&%ﬂﬁaga that .c:n_o_.m"m:&:m how memories are represented in the

> MO easy or simple matter.
QEmM__c%*.u.m concept of the cell assembly remains “the best 23...3,_\«%”.“
& g::m“mamvcﬁ how information is stored in Em.:md«ccm system ﬁ, :._.F
as:x&,m 998). Ioigms questions about _Cnm__mﬁ._c: of Bc::i. M:M
tempt A gﬁc the point where researchers are even questioning the value o m?
Qacv x o Qiim?. structure with function in the brain (Sarter, Berntson,
Po, 3@3,

In the 5. iz > have
Offerag :J.A_.Ei few years, advances in the technology of brain imaging have

:.;:ﬁ. In M“.nrﬁ S an ..5:?.? noninvasive means of i:&;:.x &ﬁ“,hﬁ% .”M
Presumeq t 95t imaging studies, subjects are presented two 5, rohuay E.w

o differ only in the cognitive operations they require. The br :
bask, and :H the control task are subtracted from those & the Eve::_“.mw_
: :fcr:ﬂ“f::w image is assumed to reflect the portion .&MM “M.__M: o
), “Evaie imulated by the experimental task. >,2ca_.:x. " sk
Palic BINg studies have become a major force in national neur
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{ . oramunati
have emerged as a basis for the definition of progra
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research goals” (p. 14) despite “the [questionable] manner in which
ferences are drawn about the mom::.Em m_mﬁrnmsnm of localized by
ity” (p. 17). They ?o/..ama m:.m_wmmm ;EwﬂﬁE@ that areas activated
image may Of may not contribute meaningfully to a cognitive pr
wise, they argued that a brain area should not be excluded as po
evant simply because it was not activated in a brain image.

It appears that complex and distributed systems of neurons are impli-
cated in learning, with some systems centrally involved with the develop-
ment and representation of a memory trace and others peripherally involved
in the expression of a learned behavior (cf. Donegan & Thompson, 1991)
Questions that remain to be answered concern just what neuronal systems
change with certain types of learning and by what mechanisms they change.
These are general questions that can now be examined more closely in the
context of learning processes that concern educators.

many in-
ain actjy.
in a brajn
Ocess, Like-
tentially rel.

Attention and the Brain

Cognitive researchers have long recognized the importance of attention in
learning. For information to be processed for permanent storage in memory,
it must first be noticed. Moreover, learners selectively attend to certan
aspects of stimulation that pertain to their learning goals, that are novel and
require additional processing resources, or that are distinctive m:,g uncon
sciously attract notice. Finally, skills that are well learned and _uBQ_nma .a%_._
cally require less attention of learners, freeing them to allocate mzm:___o:w
capacity to related, higher-level tasks. In reading, for example, nanoasma.
letters and words is more or less automatic as learners concentrate their

nti ; . foran
tention on comprehending the meaning of what is read. (See Chapter 3
mx:j&wa discussion of attention.) o may
Given the importance of attention, what unique contributions

> ; . : » phenome”
Ecw:_:x_g_ perspective offer to our overall ::ae_‘mgza_:x.& the m :
non? What brain systems underlie attention? What investigations ©

.- t1-
svsterns b . , the inve®
Systems have been conducted and to what new insights have _ﬁ_:_? and
mi:.:; led? Many different aspects of attention have been $ many
myriad results make
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difficult any theoretical synthesis. 3:23_“%...5_ for I
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ew of memory (e.g., Johnson & Chalfonte, 1994)- ualized: in*
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what they study. By contrast, learners who are bored or suffer from an atten-
tion deficit disorder are easily distracted from a learning task.

Attention as a resource refers to a learner’s capability of selectively al-
Jocating more attention to one of several simultaneously occurring events.
Although this is often done quite unconsciously, as in driving a car while at-
tending to a program on the radio, it may also occur quite deliberately, as in
listening to one conversation at a party while ignoring all others.

Finally, attention as a process involves selecting particular information
for further analysis and interpretation over other, available information. For
example, a high school clarinetist who attends a local symphony perfor-
mance is likely to selectively process the overall sound of the orchestra for
the specific notes of the clarinet. More than the average person, the clarinet-
ist may hear any sour notes this section of the orchestra plays during the
performance.

These three aspects of selective attention have been investigated for
their neurological substrates in the brain. Studies have typically focused on
identifying what parts of the brain and what mechanisms within the brain
are responsible for attention. In some studies, the effects of lesions are inves-
tigated. In others, electrical signals from the brain, as well as eye movements,
dre recorded and monitored as attention is systematically varied. Let us now

look at the specific evidence related to the state, resource, and process as-
Pects of attention.

mnm”““wz_.zm Attentional States. The ability to m:mﬁ.&: m:m::.om .mzamwwmﬂﬂ
with ,_\M: n.o changing task demands has been mxﬁm:mz.m_v‘ m_Ea_M __:mmm o
tention ﬂ_:m degrees of brain damage. Lack of .wzh.s,zczw nﬂﬂ _,MQ:E_ =l
Esm_wm %u.\e been observed frequently among vm:mzﬁw s:.xma rgel==%
With dam Som, Seums; b Mazshall, 3@3..3 e cﬂn ..:: m: \<m1c:,,..
Countin wwm to the left frontal lobe had difficulty ..no:nw:_u”mﬁaﬂx s orial 75,
Which ,m .mmrm. e was able to count by 36, but “on w:w_ :5 ﬁcm himself
fom mcvwm completed after counting by 3s, .:c was una n. _E. wabtract by
7s,ang .Snn._:x (correctly) by 3s. He verbalized that he s M.= Mt This ?
tient .ﬁ:w“n._wm_nr ‘Here I go with 3s again’” (Picton et m_;._cm .‘nrm :..E::d a
shift i, mmnﬂmcc_w not control his attention when multiple tasks

: on from one task to another. L wspond
Erzsqwu_. Syndrome of inattention refers to the failure ofa nm,ﬁ.:” M..,hﬂu.__ le-
Sion ;H..s.\rc: such stimuli are presented on the side oppost " erience dif-
::__:. ¢ % Individuyalg fail to attend at all to a task rather than ,_xmx_::,n most
Oftey, EN.,:E.E:N their attention between tasks. This .%ﬁ.;_:.zﬂw_:_i with le-
S, _r_w.x_::n n the right parietal lobe, but ?.? o ?....: :mw Chang Chu,
_:x:\ Piey € fronta) lobe and elsewhere (Damasio, :.::.?::. the dominance
* the :Eﬁ_ﬁ“., s 1986). Recent evidence continues 10 .,,:m,ﬁ“.“.n ot al., 1994)

Cmisphere in maintaining, alertness (e.g., Ladavd
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Two attentional disorders for which no specific ﬁmnro_c@.nm_ findi
have been identified are schizophrenia and hyperactivity. In both &m: o7
behavioral symptoms resemble those of patients with frontal lobe QM -
causing researchers to speculate that the frontal lobe is in some Eamm@
volved. One reasonable hypothesis is that, for hyperactive children o
tion of the frontal lobe has been delayed (Stamm & Kreder, Ews\ MNEW.
nﬁwmzm\ :oimém,ﬁ is the possibility that attention ?,o_u_m:ﬂm‘ in E\Wmmmm,_‘w
M: Msmw_ﬂ_mﬂm schizophrenics are caused by disruptions in catecholamine
| ﬁm»mnrc_mim:mm.m.ﬁm neurotransmitters, substances that influence or mod-
Mh“mn M_Hnﬂ_m_nq_n.m_ activity of neurons. Increased or decreased levels of the cere-
doplotics M%MH“M m_vvwmw. to result in attentional disorders. In hyperactivity,a
oot g o Mcﬂ_:mm is mmm_:.:mm\ because the attention deficit symp-
drugs, which W:MMMm, V\r treated with amphetamines or amphetamine-like
Take note ro€m<mwvm§~ e release of catecholamines (cf. Margolin, 1978)
should experience m#._.mn vam%_m s.}omm catecholamine levels are normal
amplietarines becans mmwmc m:m::o:.m_ problems with administration &
Tacky, mxnom.m e Q;MN_ mH :ﬁ..::m_.G increased catecholamine levels. Sim-
drugs that block the 1 cholamines in schizophrenics is assumed, because
fectivel ception of catecholamines by cerebral neurons are ef-

CM m“mwa for treatment (Carlsson, 1978).

g .t s e shout the g
in attention. “The projon .m_.M. Mo:n_:v,_.o:m mwo_:. the role of nmﬁnroaasﬂw
about by chronic dry mmm ¢ changes in transmitter concentration broug )
tors and the BmgOMw ministration may alter the sensitivity of the anm_z
other words, over :Bmw of the transmitter” (Picton et al., 1986, p- 38) -
ways that we cannot yet :_Wm. may significantly change brain Bmgwo__mﬂ e

drugs are often chosen Snﬁﬂ ict. It is for this reason that other means b
_ Finally, resuls of of € treatment of hyperactive children. Jec-
trical activity in the b studies using electroencephalograms t0 record € 5
tal lobe and cerebry] rain support the general conclusion that both e wom:
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typical elect
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:mc_.c:m:maw:mﬂm play a critical role in an individual’s ability to control his

or her attentional state.

Selectively Allocating Attentional Resources. Attention as a matter of allo-
cating resources obviously depends upon the concept of capacity. As we have
seen from Chapter 3, conceiving of attention in terms of capacity is perhaps
dominant approach currently taken by cognitive theorists. But there is
r this conception from the biological perspective as well. On the one
hand, our apparently limited capacity for attention may be viewed as an evo-
lutionary adaptation (Simon, 1986). That is, without some kind of limitation,
we would be disposed to processing so many irrelevancies from the wealth of
stimulation surrounding us that goal-directed behavior might be impossible.
This was the case for a Russian man whose photographic memory produced a
flood of remembrances with every interaction, rendering him incapable of
living a normal life (Heminway & Tegriti, 1984).

On the other hand, discovering just what biological mechanisms
govern attentional limitations may assist us in determining how to make the
most of the capacity we have. Until recently, it has been difficult to separate
attentional capacity from processing strategy, because both influence overall
Processing efficiency (Gazzaniga, 1984). However, neurological evidence
Now points to a subcortical mechanism governing the allocation of attention,
aE.Q than the cortical mechanisms already implicated in the control of at-
tentional states.

Sénh ﬂw:m hﬁm wEa.x Holtzman and Gazzaniga ( e of severl
. Th jects with 3 x 3 matrices and the task to .Qmﬁma .Em ocatio o
neo ese matrices, sometimes the same and sometimes different, were s

Usly presented to both sides of the visual field while subjects fixated on 2

Pt e them. Subjects with normal brains could not do the Emw. wE
ected could do it easily,

at] o
wdm_m”naw smrom,m vS.Sw were hemispherically m:mno:w cted o el person
Norma] mno»;mmm_:w more stimuli at once than is possib . w:n o ocated
0 prog, ains, then, are limited in attentional capacity tha
>mwmmsm stimuli.
mzm::oﬂw__:ows_ studies revealed interactions betwe
Mechanjg allocation, which suggests a subcortical -
the rm::, M at work, That is, if attentional resources are alloc hat Holtz
Map mzamvrm:wm should operate w:&m_um:n_m::v\ of one m:oﬂrm.n o hard
?.o_u_mud .nmNNmamm A“_.@va found, however, was @._mp EWH_...T_HNE&_. hemi-
SPhere c:S One hemisphere diminished the attention by " pemispheres
Coulq se a COncurrent task. Similarly, subjects with separate e i that
e rmsﬂ_ bilateral arrays twice as fast as unilateral m:.mmw. _:o: ‘he other
vmq,mm””.mmﬁ.m_ scanned independently. ech ;
Sum vy the same on both arrays in
*See algq Mwwvosm_gm for maintaining 2
ingstone et al., 1995).
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Finally, there is evidence that cortical processes, in particular the

, . . hip-
pocampus, also influence attention allocation. Animals with Evvgwgwm_
lesions fail to orient as qu ickly to novel stimuli introduced into their environ.

ments. The orienting response is thought to be a critical means of adapting to
the environment, because it enables an organism to suppress ongoing behay-
joral activity in order to respond to a sudden change in real-time require-
ments. As Simon (1986) put it, “Because bricks do fly through the air
sometimes, it is good to be able to notice and dodge a brick even if you are
not scanning the horizon for missiles when it comes flying” (p. 106).

Selectively Organizing Attention. When learners not only allocate atten-
tional resources to a particular task, but also then direct those resources to se-
lectively process certain information, they are organizing their attention.
This is an important concept for learning, because readers must attend to dif-
ferences among letters to competently decode words. Orchestral performers
must attend to differences among sounds to be sure they are playing in tune.
Wine tasters must attend to subtle differences in flavor and bouquet to rate
quality of wines. Attentional differences of this sort have been studied pr-
marily in terms of evoked potentials in human brain wave activity, ey
movements, and a variety of cognitive measures (such as response times t0
pattern-recognition tasks). _
Tobegin with, promising results have emerged from studies evaluating
event-related potentials of children with learning disabilities. Typically, ce”
tain types of learning problems, which relate in some way to attention p*
terns, are diagnosed in children through behavioral techniques- U.ﬁ_mx_h
children, for example, may experience difficulty attending differentially t
M;B;E letters, such as b and d. The brain wave patterns of these nEEMﬂmﬂ
m:mn”mnmmwﬂerﬂ,HN”om,mmv:o::mH children to n:mno,mmﬁ %Wm% ﬁwwwrm_m_\w
Lombroso, 1979). In am - m;,\mm: e .?co mno:ﬁm (ct : \nmm in lear™”
ing abilitic addition, children with diagnosed difference atterms
ekt M:J&. be given specific cognitive tasks and their brain P
Brain _m.z..,@ complete the tasks. )
normal %%M:JQ _mapping has been shown to &mnaaSm"M o
Duff yslexic children (Duffy, Denckla, Bartels, & San 1989)
Y. Denckla, Bartels Sandini s ] llo & Dulffy.
and among gifted learn; andini, & Kiessling, 1980; Tore chieving
learning disaleq ,m.:‘:sm disabled, gifted normal, normally 2 990; s
Miller, & wﬁ.a_ozw _Hmwim (Languis, Bireley, & <<::m3m.o:. M.mmm_& Jear™
€1 Were defineq 5 th 0). In the latter study, gifted learning .
such as the Wechs] 0S¢ who score very high on measure
Who di er Intelligence Scale for Children, Revised et
Y g In genera], m,MMMQ vﬁ.imm: their verbal and vmlowﬂmm__ activ i
41N patterng ¢ children demonstrated greater ove ;

h . - H—.ﬁﬂm
ww_oa. students mﬂw mdrm: hongifted counterparts, but the gifted _mmw :o:mimm
faming disableq m?ammﬁma some of the same specific pattern® =

: S.
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Despite the apparent success ﬂ.um brain mapping in detecting neurologi-
«l differences between _mmg.Em a_mmv_.ma and normal children, caution is
SSBBm:Qm& in the use and interpretation of the technique (cf. Picton et al.,
1986). Although the brain patterns of dyslexic children, for example, may in-
dicate abnormalities in the area of the brain important for speech and lan-
guage, they may also be symptomatic of boredom or drowsiness. Overall,
the results of brain mapping studies can be very difficult to interpret. Some-
times, anomalous patterns appear on electroencephalograms that have no
dinical significance. Additionally, similar brain patterns may be observed
among individuals that cannot be interpreted along a meaningful dimen-
sion. In spite of these difficulties, researchers are hopeful that brain patterns
may prove useful both in diagnosing learning problems and in finding ap-
propriate interventions for those problems.

Along with brain mapping, researchers have used eye movements to
study the organization of attention. This work stems from a basic mmm.E:n-
tion that orienting of attention plays a critical role in visual processing. It
seems obvious that items are more likely to be recognized and EOnmm.mmm ap-
propriately within the focus of attention than outside it. Moreover, this focus
wm. extremely limited because only the fovea is capable of gmazma pattern vi-
sion. In reading, for example, learners can perceive about ten items to the
right and three to four items to the left of their fixation point (Rayner, Well, &
Pollatsek, 1980). Thus, eye movements represent an important indicator of
attentional orienting and subsequent processing. . .

_ There is also evidence, however, that a covert attentional anﬁmdmﬁﬂw
linked to neura] systems in the parietal lobe, operates Eammmnama; Mw -
Mm Movement system. Posner and Friedrich (1986) Ammn:vmm e mwmmw: od
maw“m (1981) that most clearly illustrates this anrmﬂmﬂ.?.n_wﬂm%ﬂ_.&zﬁm "
Point o__“sm.m:nw away that subjects could nmmg .nrm wor ml L asyiEiy
N readj 1xation. This procedure should m.__BEmH any -m vement system.
ading if such asymmetry is a function of the eye-mo X od
Qﬁsm found ; Y 3 ; ol field remained, and it reflect
the intern, ] sstens £heat i &m visval ds were nnmmmamm normally,
Subjects :m scan of the words. That is, when words B When words were
?mwmsgama a larger visual field to the right cm.nxw_ _Mm_.g to the left of fixa-
tion TOm:M_.vmim 9.!2:w subjects had a larger Sﬂa to mean that attention
was goene” and Friedrich (1986) took these res

Th tly driven by some internal semantic gperatis: been documented
€ influence of semantic codes on attention has alsC

w. a ﬂamSB
%vwnm.nmzma Priming studies. When learners are _unmmm:nma S:MM Mmﬂw_“  cate-
Bory mwnmc lex category, their recognition of other words ?ommmm in which the
Words Acilitated. This effect occurs regardless of the Bommg_n facilitated sub-
Jecty 3¢ presented. That is, both spoken and written wor ~or and his col-
imwcmmmnomd:__o: of other mm_uorm: or written words. 1Ow““.,._:m in a single
gsmsw ‘ontend, therefore, that learners represert B%mﬁo:ﬂ pathway®

£ Py, © code which can v,m accessed through different * E,EV\. Assuming
ner, 1984; Posner & Friedrich, 1986; Sen & Posnen

(¢




288 PARTV ¢ Learning and Biology

this to be true, an important question mzmmm.. ..;mﬁ is, to wh
cific intentional strategies influence the mﬁ:;% to m?.m at
kind of code to another in order to mnnoawrmr a mvm.nin ta

It appears that learners commuonly shift attention a

sory codes, depending upon the nature of the task i
Em.o? as well as their own abilities

example, typically rely on phonolo

at extent d Spe-

tention from One
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mong different gep.
n which they are ep.
and preferences. Beginning spellers, for

gical codes whereas ,Ummmb:.Sm readers
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8
some learners prefer particular codes

and may rely on one kind of informa-
tion when they might better focus on an alternate ki
for example, probably amvm:mmo:»rm mE:J\SWmo

mation, to the exclusion of phonological information,

So what should we make of this evidence regarding the organization of

attention? As with other aspects of attention, the cerebral cortex is impli-
cated as the neurological

basis, but precisely what systems operate and how
they operate in attentional organization are not yet fully known. Simon
(1986) noted that Posner’s discovery of covert attention should call into
w:mmzonm the use of €ye movements as a primary indicator of attention
Osner

ner (and Friedrich, 1986) suggested that it is too early to make firm pre-
Scniptions for nstruction fro

. : m the current neurological evidence on atten-
”5:. .mEEou...Em multiple codeg during instruction is likely to facilitate
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mple, suggested two separate systems as re-
wi Tonpes Soo:.cmmwnzwwmm:ﬂ mﬁcawwm, and two, performance (or use).
sponsible i mnM in multiple memory systems has expanded rapidly,
More recently, B ber of cognitive and behavioral neuroscientists [ad-
vih 2 :mas;:m :“\:Mmﬁm:ma hypotheses concerning the nature of and rela-
ncing EQMWMMMH,L; memory systems” (Schacter & Tulving, 1994).
o .WMM“W :” understand the biology of learning and memory have pro-
ceeded simultaneously on many fronts, ?@3 studies with _:cmzmca.ﬁm E,M
mals to studies with both normal and brain-damaged humans AZMaﬂmM
Kesner, 1998). Various approaches to the Hunov_mﬁ rmc.m also been un mﬂn M MMM
including cognitive, neuropsychological, :mc.wo_uﬂo_omﬁw_\ and n,cEvM ta % 2
(chacter & Tulving, 1994). It is an exciting time for researchers in _M is m.r ;
and only an overview of current developments can be _uﬂmmm:n.ma maﬂ_ M
nature and variety of memory systems that have been proposed is consi Mﬁm :
first. Then, because “language is a paradigm case .En zﬂmmnmﬁwba_:m ow
humans represent, acquire, and use a complex cognitive system .Aﬂ_m_ﬂ:m:\
1986, p. 119), the biological substrates of _wbmcmmmmBEmEo:mwmmumn:mmma.

Types of Memory Systems.
“ame initially from attempts
samscr & wmnrmz‘m:mﬁ 1

Memory loss byt can retai
INstance, acquire the skillg
@nnot Jate

”Omﬁ v

The impetus for distinguishing types of memory
to explain global anterograde amnesia (Mishkin,
984). With this type of amnesia, patients suffer
N new experiences of a certain type. They can, for
necessary to trace mirror images of words but then

T recall what the words were that they traced. Characterizing the
°TSUS spared abilities of thes

i " € patients, researchers have Cmmm. the labels
2.0 sition versus associative memory...episodic versus semantic memory

&MM_”EW Versus .nmmmnmnnm memory...vertical versus rolNo:".m_ mm.wﬂmﬁ_m:“w

gﬁﬂrﬂ:amn_m«wgm versus procedural r:osﬂmmmm.:m_mvowm:mm 7(\_ M.mrri .

o, 1984 M nMMme_:m:: and automatic versus effortful encoding” (

sy € pleth

- i Itiple-memory-
IS Vieyy g OF CONCEPs proposed to distinguish a multip
i

"aure thay oo 2 unitary-memory view led to Ragg no:mw_ w_o%mmw_ﬁm
smsoé . ,2 Schacter and Tulving (1994) proposed criteria ow memon,
O Memg Ystems, They wrote, “Memory systems are not forms o o i
Rather, . 7 PTocesses o memory tasks or expressions of memory” (p. he
king . 2 Smn..oQ System is defined in terms of its brain B%EJ%BJW ’
Revie Mation it Processes, and the principles of its operation :w“ \ _M.Q
W:%EJ "8 curren research on human learning and memory alsc ted
" Tabl xsw qc_ism to suggest a classification of memory systems, depicte f
.3»3:% v.ﬂ. (Note the similarities in this classification with the Jﬁmw ﬂm-
.m..mg?f w %M:wma and m:<mm:mm8a by cognitive w::,::m.:o:-?.oﬁeww_uﬂ B.m
¥ the a:??rmvﬁa 3.) Subsystems may also be &ﬁ:..m:ﬁrag ?Hnwwm. For
Nt kindg of information they are _u.,mv:::m to p
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of Human Learning and 325:.@

TABLE8.2 Major Systems

e

Terms Subsystems e
System Other Terms S Y s 5.:._.2_2
sclarative Motor skills
seocedural Nondeclara . re Tt
Proce Cognitive skills Mplicit
Simple n::&:._c:,:x
Simple associative learning
Perceptual Nondeclarative Visual word form Implici
representation Auditory word form
(PRS) Structural description
Semantic Generic Spatial Implicit
Factual Relational
Knowledge
Primary Working, Visual Explicit
Auditory
Episodic Personal Explicit

Autobiographical
Event memory

Source: From “What are the memory systems of 1994?” by D. L. Schacter & E. Tulving. InD. L
Schacter & E. Tulving (Eds.), Memory Systems 1994, Cambridge, MA: MIT Press, 1994.

example, procedural memory has been characterized as a performance 5ys°
tem, and it is thought to be involved in learning both motor skills and cogn
tive skills (its subsystems).

The argument for a nondeclarative v_dnmm:_d_ system
studies conducted with amnesic patients, of which perhaps t
known and extensively studied is H.M. In 1953, at the age of 27,
went an operation to relieve epileptic seizures that had become ::nm
ble. Although the operation successfully eliminated the mm_N:mm:mmm
unfortunately caused total anterograde amnesia. Thus, althoug 1987).
term memory is intact, H.M. can form no new memories (Squire:

What is interesting about H.M.’s abilities is that he,
acs, could perform the mirror drawing task but never amBchm_..:m the skil’
done it or what the words were. Moreover, he was able t© mnﬁﬁ“
necessary to solve the Tower of Hanoi puzzle (Figure m.ﬁ\ c_"c rm
remember any specific facts or experiences related to his per’ M,_& y

HM. displays impairment in declarative OF woma ! ann (
Sm:_SQ systems while his procedural system -.mBmEm,B
mmsﬁ 1981; Cohen, 1984; Squire, 1983, 1986, 1994). It 10870
” e kind of brain damage sustained in manmm._mnm\:ﬂngww\_.ama
emporal lobe—must mediate declarative but not proced!
estingly, research conducted with monkeys QmBo:m.a.mﬂmm

comes from
he most well

H.M. under
ontroll-
it also
hort-

ance:

e T

CHAPTER 8 Biological Bases of Learning angd Memory 291

A B c

FIGURE8.4 The Tower of Hanoi Puzzle. The goal is to transfer the rings
from A to C without ever placing a larger ring on top of a smaller ring.

performance pattern as observed in amnesic humans (e.g., Mishkin & Petri,
1984), providing additional evidence for the existence of a procedural
memory system.

The other memory systems included in Table 8.2 relate to cognitive rep-
resentation and storage, with working memory distinctive in the brevity
with which it is able to retain information. Evidence of these systems comes
from a variety of sources, and the neuroanatomical basis for some distinc-
tions is still uncertain (Schacter & Tulving, 1994). Based upon their review of
current findings, Squire and Knowlton (1995) proposed a taxonomy .Om
Memory systems that is shown in Figure 8.5. You can see that they distin-
8Uish primarily between declarative and nondeclarative systems but include
Hwﬂ of the same subsystems as Schacter and Tulving (1994). Is one mm”mm.wﬁ
Eo”_m ﬂmz than the other? Only time will tell. As _Am.m:mn (1998) n:”u _.r_ ” nmm
smsm Mrmwm are many similarities among the different :m:ho _0u www%-
vo:m:”, Memory in terms of the proposed memory systems, m mnmz -
digmg differences that should stimulate the development nw :M 5% "
entire mﬂ:n fur nr.ma experimentation” (p. 405). It seems .n_omn ”ﬁvwww: i
8:5@:”@3 vma.:nﬁmﬁmm in learning and memory, but a_mmnmz )

In different ways (Gershberg & Shimamura, 1998).
(i iolog; uro-
Physrrs.c2! Basis for Language Learning. One approach 18 (€ 0
amamm 8Y of learning, as we have seen, is to study the cap

. > lo-
ed v . -1s The nature and
Catigp Sa.Sa:m_m. whether humans or other animals. o manaamim

capability that
it. Language

m;mm.éom s Physical damage are then related to the types
as 5

e )
n Mw}soﬁrmn approach, however, is to study a T:Bwa”o
Vious and unquestioned biological componen




P Nerd gy

-

dre

e

292 PARTV ¢ Learning and Biology

Memory

Nondeclarative

Declarative i
(Implicit)

(Explicit)

Fants —1— Events Skills Priming Simple Nonassociative
and Classical Learning
Habits Conditioning
Emotional Skeletal
Responses  pysculature
| : h
Medial Temporal ~ Striatum  Neocortex ~ Amygdala  Cerebellum  Reflex

Lobe Diencephalon Pathways

FIGURE8.5 A Taxonomy of Memory and Associated Brain Structures

Source: From “Memory, hippocampus, and brain systems” by L. R. Squire and B. J.
Knowlton. In M. S Gazzaniga (Ed.), The Cognitive Neurosciences 1995, Cambridge,
MA: MIT Press, 1994,

provides such a test case, because “to believe that special biological adapt&
tions are a requirement, it is enough to notice that all children but none of the
dogs and cats in the house acquire language” (Gleitman, 1986, p- 119). d
.;m idea that language may be innate is not a new one. Leahey m_._

Iﬁ: s (1997) observed that Descartes assigned a special role to language e
_Fer_n_o for the expression of thought. In more modern times, :ns.eeﬁ.wm
SMM:“:Q”A_,B%V\ (1965, 1972) has been largely responsible for EoEos_mw%.
F_qfrh c,ﬂwfm_c 1 an evolved, species-specific organ. Recall ?. o_.:oan_mx
behavi € 4m<._0—._m7.. mZﬁ._ﬁU?ﬁ_ to ﬁ.xﬁ_m:D _NBNCmNm. as .:_mn m:.C_v.Tﬁﬂ n—._ er(‘

avIor, acquired through processes of operant conditioning: Chor®

was extreme " o i:nmum_v.
ely critical of the behaviorist position and argued conv® Len-

f ivers .
Lm.nwwﬂm_ﬂ“ww“wﬂ_ language faculty in humans. At the same :anmmma. He
- 1967) articulated a biological view of language acquis the left

pointed to cin; :
0 clinical evidence that language functions are 10

hemig here
,_Ps%i.,.”_\,_f,n _m:x:mxc can neither be suppressed (€8 deaf ¢ Jities) 1
sly invent sign language in the absence of verbal capP

_m:ﬁ:._ .
age learning speedo ,
are inheritab)e., B speeded up, and that certain forms of speec

In the ¢

aditio
:..._....,.m_‘ ns o

suments a5 ©55¢
°d. First is the

ﬁn‘r::_xrv\ and Lenneberg, Gleitman {7 Iy E%%‘
tial to a case for language being biolog!c?
fact that language learning proceeds unif

i e, L 8
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stic community despite tremendous differences in individuals’ expe-
iences. solated words appear at about age 1 year, followed by gc.swwa
atterances at about age 2 years. Thereafter, sometime during the third year of
Jife, there is @ sudden spurt of vocabulary growth accompanied, coinciden-
tally or not, by elaboration of .:5 wm:ﬂm:mm m"ig:amm. By about 4 years of
age, the speaker sounds essentially adult” (Gleitman, 1986, pp- 121-122; cf.
Lenneberg, 1967).

Second, children do not simply copy what they hear. They make sys-
rematic errors that suggest the use of an emerging grammar, of which the
rules are never explicitly taught. For example, young speakers will systemat-
ically misplace auxiliary verbs in wh-questions, such as “What can I eat?”
They will say instead, “What I can eat?”—a form that is never produced by
older speakers or adults (cf. Bellugi, 1967; cited in Gleitman, 1986). Similar
evidence comes from the order in which children acquire lexical categories.
A child’s first words are overwhelmingly nouns. Verbs appear slightly later,
with adjectives and adverbs appearing still later (Gentner, 1982). These ex-
amples are difficult, perhaps impossible, to explain without reference to
some sort of innate basis.

Finally, a third argument for the biological preprogramming of lan-
guage lies in the mistakes that children do not make as they learn to speak.
Gleitman provided an illustration with the following two sentences:

a ::m—:

L. The man who is a fool is amusing,.
2. The man is a fool who is amusing.

Now consider how these are transformed to yield yes/no questions:

M. N ””a man who is a fool amusing?

g € man a fool who is amusing?

M_MMMS: apparently recognize that which is moves m.mnmsam - ﬁrmﬂMHMMwﬂhM

simrmmsz.:nw, not the serial position of the word is. ﬁ:@ wﬂ"ﬂm_ an is

fool 2% o 53ying, “Is the man who a fool is m_,::m_:ww o e ver Esw_:
the :,;:c amusing?” Yet it is extremely unlikely that children mn.o e

If er abstract rule, “It’s the is in the higher clause that mov eu..m, ntrole

in| We accept the premise, therefore, that biology v_o,&a asign! _nr: e

age learning, then we may proceed to the question of just whe

el an,
From the studies conducted by Gleitman and others (cf. Feldma

it Em%m
Jeitman, 1977,

adow, & Gleitman, 1978; Newport, Gleitman, &G .nneberg,
tha _”“é ler, 1986), she reaches the nc:n_:mmo:. first suggested bY Lennebe’g
chilgy, Buage acquisition is maturationally drive
tter predicted by their age than
's. Deaf children learned a gestural language

NCremente L3 ian learne
Origet ents that hearing children lec

n. The progress of :o:_;“
by the speech patterns ©
in the same devel-
d spoken language. Lan-

al j
for blind as for

:._F. same

and structural development were
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sighted children. Finally, although the onset of language was late for Down
syndrome children, its rate and nature of development paralleled thyt f
normal children until a point when learning simply stopped. These resyly
consistently point to the child’s neurological age as a critical factor in his or
her language learning.

Neurological age may also set limits on language learning in a manner
different from what has already been discussed. Anecdotal evidence sup-
ports the hypothesis that children are better language learners than are
adults. They easily manage two languages at a time while adults struggle
through second language classes with great difficulty (Gleitman, 1986; cf.
Miller, 1981). In addition, findings from studies investigating deaf individu-
als learning American sign language indicate that final knowledge of the lan-
guage is best predicted by the age of the learner at first exposure (Newport &
m:?:? cited in Gleitman, 1986). Late learners, in other words, failed to ac-
quire all the linguistic structures of American sign language, despite years of
qccxﬁcmi exposure and use. This suggests the possibility of a critical period
in language learning, akin to chick imprinting or bird song-learning.

A wlFQ back, for a moment, on the case of Mario, described at the begin-
w.mm& this chapter. Although the scenario did not state which part of his brain
“E_,g,._.“_:._n_ Qmamn@ we might assume that the left cerebral hemisphere was in-
(1967) reported e, Mq_:;”a_ periods in language Qm_,\c_cn:_c:v _Lm.J__”M _nm
hemisphere at an ear] a w.:Wcmnc aei._cg.:c.:n :.E:E_:m camege m: curred
after v:?qq zﬁ.civ“rﬁw ._.: i linguaistic ability Erm:_gmgmmm m.na be-
cause more rﬁzéﬁ.:__m :.,., 33\ y E:.?.,::..v.nﬁf weglie o A,_zmw.m_”n m._a‘
petence failuree 5, :#.. S ._uwv\nrc__:xm:...:n testing .rnm, _‘.n.a\cm__cnw,fﬁ.n\nulrc_cmy
the clinica) impression “m w_:mx». of vB_:.QmBmmE _:.Q_«_Q:m_,f Zr_f n,:#. clas
sical conclusion that Pla at such persons are ::x:_w..:nmzv\ ::qimu.:_:n:%,
S6MS 4o remain yalig” young brain is quite flexible in reallocating

. ‘ 1d” (Chipman, 1986, p. 212).
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jorists put little stock in Eo_cmmnm_ factors, arguing that development can be
fully understood in environmental terms. But cognitive developmentalists
have been more open to the possibility of biological determinants in cognitive
development. Piaget appealed to a biological model for understanding devel-
opment, although his ideas never extended to investigations of actual biologi-
al processes or substrates of development. And Case suggested that
maturation of certain brain systems may be responsible for limitations to chil-
dren’s working memory compared to adults (see Chapter 6).

To characterize the diversity of neuroscience research related to devel-
opment, four conceptual models are suggested: fixed circuitry, critical peri-
ods, plasticity, and modularity (Chall & Peterson, 1986). To some degree,
these models integrate much of the research already discussed concerning
the neurophysiology of learning. They provide a useful working framework
for a look at cognitive development and the brain.

tixed Circuitry and Critical Periods. In normal prenatal development,
what eventually becomes the brain begins as a single layer of cells lining the
wall of the neural tube. Cell mitosis results in the genesis of waves of neurons
which migrate to destinations in various parts of the developing brain. Elabo-
fation of neuronal dendrites and synapses follows, with the establishment of
©nnections between neurons the ultimate achievement of development
..nc_asm:-xmrﬁ 1986). What is noteworthy about this process (highly over-
Mﬂmv_:.:d :E e) is the very orchestrated plan it requires. w._‘mm: cell mn:m_a_..w”m”
Migration is virtually complete in humans by the sixteenth week aftet
botation. Neurons by then have assumed specific functions in specific re
B1ORs of the brain. Although dendritic development and synapse mc_.:..dw:c:
vs:_,:wmeﬁ generally continuing well into the v:m;:i.m_ _%:_QP they form
“Ular patterns of connections that depend upon their location. o
At do these fixed circuits and their pattern of development B.F_.ES
and complex cognitive functioning? For one thing, the %Me.%m%m
' be more or less sensitive to different types of injuries at di ” o
viding cells are now known to be selectively ,\:_:n”__.mv”%” ”“M:“c
Tain cap, vx wrc period of cell division, then, m:TwEE..E mcxw%%:&? s
Plain ¢ Ifteparably harmed if it is exposed to radiation. N B s
Week v:v.\_:::_w women who survived Hiroshima, .:.Ma s“(.w.c_:_d T
tally z.r.:ﬂ.:.:# ..; the time the atom bomb was ﬁ:.cﬁmﬂ .\.m‘ e outside il
fMiticy) ?.E.,ﬁa children. For children whose n.._..::_::... i w:::, O Goldman-
- however, mental retardation was not com on P afluences
Putit, “Toxins, injuries, and x:e....;::__:w.i :_.__r  § migration
m_:.ﬁ ::. number of cells nm.—F._.._?.ﬁ_. their m..“g::n””.,:. will ba de-
pon :,...S:_._,:.e connections” (p. 253). What M_.m_‘”.”:,,.; el
Fitica] ' critical periods during which the in .Mi. birth, but after ;..,.
Periods apparently occur not ::G._.z ., e fully ature
" 1Ow evidence to believe that the brain may !
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until individuals reach at least .m to 10 years o.m age (Hemin
1984), and a few researchers believe that figure is closer tq 18
1990). Moreover, data from electroencephalograms show evig
spurts in the brain that some r.m<m attempted to correlate with
of cognitive development. This &.o:_a. suggest critical perio
that occur around the ages at which children make transition

At this point, however, the correlations between brain
Piaget’s stages of development are at best weak. For one th
measures of cognitive performance have been used, which are likely to haye
been insensitive to small increments in brain growth. For another, it has beep
difficult to reconcile the continuous rate of regional brain maturation with
the discrete stage changes that Piaget’s theory proposes (Hudspeth & Prip-
ham, 1990). As a consequence, although it may be tempting to draw curricy.
lar implications from these data, McCall (1990) has argued that they would
be premature.

Eventually, the more that is known about how and when circuits are
fixed in the brain, the more likely we will be able to determine neurological
causes of certain learning problems. Chall and Peterson (1986) expressed the
hope, for example, that reading disabilities may be more accurately detected
and treated with knowledge of their neurological origins and potential criti
cal periods. Bruer (1999) also argued the need for developing and testing in-
terventions to help learners who, for whatever reason, may have BE.,.&
critical experiences during development. Thus, even though a critical period

may have been passed, there is evidence that children can make up some of
the lost ground.

way & Te

0 20 (Epon

mvmﬂm._:‘
mﬂ.am of growth
Piaget's Stages
ds for FNSEW
S among stageg
Maturation apq

ing, very globy|

Plasticity. On the other side of the coin from fixed circuitry is the 838”
plasticity of the developing brain. It has already been Bquozmm Mrh
dendritic branching and synaptic formation continue after E:r. E _M.‘
although subject to critical periods, “anatomical plasticity during %Eo_@
ment of the nervous system...is the rule rather than the exceptl ost
(Crutcher, 1991, pp. 107-108). Yet, there is now ample evidence t0 mmww&.
that cortical plasticity is characteristic of the brain throughout life m, 0
zweig (1984, 1986, 1998) described studies he and others conducted sn& the
%:.a. _:(\mm:mm::w brain changes induced by experience. bie no_BNm__:
brain Qm<m_ov3m3 of rats, mice, ground squirrels, and mmnv:m LR onment
dard, enriched, or impoverished environments. The standard mnEw:,_ food
consisted of a smal] laboratory cage for three rodents, furnished _mr.m an
and water. The enriched environment was a larger cage for te" 0 ?Mm:% 2
imals, with food, water, and a variety of objects changed daily imal
shelves and slides). The impoverished environment mean
Was raised alone in 3 small private cage.

_.mmm.maxmwmﬁwim_m\m results were rather astounding. \;‘m -
Sranciy m::nrma. eénvironment showed increases 1" .

8 and the size of synaptic contacts relative t0

f ani™
dend?
part

prains ©
m—mrn.
he co™

tic
mcﬁ
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s. Moreover, the brains of adult rats showed a continyed abil

mﬁ”m,m in response to experience, with these changes related to im
d :
ments in Jearning.

Studying :mc.no._ommnm_ nrm:mmm in the brain in response to experience is
viously more mp.m_nc: Er.ms it concerns r:_dm:m rather than rodents.
Nonetheless, there 15 noavwc_:m m.EQ.m:nm to believe that human brains are
Jlso characterized by v_mm:.n:v\. Studies analogous to those of Rosenzwieg
nave been conducted in which m.mmmmnnrmwm compared the cognitive abilities
(as measured by IQ tests) of children raised in different types of environ-
ments (Friedman & Cocking, 1986). In general, results suggested the same
conclusion. An enriched environment can significantly enhance cognitive
development, especially when the enrichment comes at an early age.
Additional evidence of neuronal plasticity, this time in mature brains,
is provided by studies of stroke victims who regained functions incapaci-
tated by the stroke (Bach-y-Rita, 1980, 1982) and split-brain patients who re-
gained the ability to produce speech years after a callosotomy (Gazzaniga et
al, 1996). Despite these findings, however, there is also evidence that neu-
rnal plasticity declines with age in many species, including humans
(Crutcher, 1991; see also Barnes, 1998). This is thought to be a function of
mature individuals committing increasing portions of their nervous system
o memory storage. And memory storage, of necessity, must be relatively
stable in order for information to be later recalled. It seems likely, then, that
older learners are capable of learning new things throughout their lives, but

%Ew S0 in a flexible manner is somewhat more difficult than it is for
younger learners,

ity to

prove-

.S ] .
aw M“W:G. Conceptualizing memory in terms of modules offers a means

with EMMM:&:W the differences between memories 9.2 are lost or H.msw_aa
Procedura) %Swmm.ﬁrm: & Peterson, 1986). This is similar to the declarative-
Tefer to g, stinction that has already been discussed. Modularity can m_m.o
d erences of another sort. Gardner (1983, 1986) proposed that cogni-
Moyg aoS%BmE Proceeds independently in at least seven relatively autono-
*Patial pr,. 8, o an.Emmll_m:m:mm@ music, logical-mathematical reasoning,
Evmao:m_mMMSm\ bodily-kinesthetic activity, interpersonal knowledge, and in-
. Evide, Owledge. These make up the sum of one’s 53:&»&8. .
Creyjgg smm«nm for brain modularity comes first from investigations of fixed
ptioy, hay red to earlier. Cortical connections associated with Sm:m_, per-
) but g € been found to be arrayed in cellular columns (Hubel & Wiesel,
ey Perce o.rm<m connections in the frontal cortex that are unrelated to sen-
vow:.os cmv:o:. “Modular organization seems to be a universal rule for dis-
As ﬁoMMﬂ:bm.n tions in the cerebral cortex” (Goldman-Rakic, 1986, p- 249).
wmsm to be ¢ different types of intelligences proposed by Gardner, .m.um”mmm
a_wwm_.mvm:m_ wﬂmmi:@:w associated with the _m:, nmﬂmvamm_:””:w”m _Mww
N With e o, With the right hemisphere, music percep e
€ Night anterior lobe, and emotional difficulties wi

five develg
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temporal lobe ardner, _.cxi. These n:_.dn_:mm::m _,_m.cm. been drawn from
observations of mostly brain-damaged patients, but Gardner (1982, 1983) hag
also examined individuals from what he calls “unusual populations.” These
included idiot-savants, prodigies in single domains, and retarded individuals
who may have a single spared organ of development. From his analyses
Gardner believes that normal individuals possess independent capacities t,
develop in the seven separate domains mentioned previously. Each domain s
subserved by separate neural mechanisms, which can therefore be differen-
tially affected by biological and environmental factors.

. Finally, cognitive development in any domain is activated, according to
Gardner (1986), within a cultural context. He argued that humans evolved as
cultural members just as they evolved as biological creatures. Thus, biologi-
cal potential is constrained to some extent by cultural factors within the
environment. This argument is certainly consistent with the views of evolu-
tionary psychologists and helps to provide a link between the neurophysiol-
ogy of learning and the sociobiology of learning.

Implications of Neurophysiology for Learning
and Instruction

There is likely to be unanimous agreement by this point that the :m:n%:ﬁ-
iology of learning is a complex affair. Is it even possible to integrate the var
ous perspectives described in order to draw sensible and useful implications
for instruction? There appear to be at least five areas in which va_._nmﬁ.i:_w
emerge, related to (1) modularity, (2) enriched environments, (3) _u_mm.sn_a:
(4) language learning, and (5) learning problems. These are explained in the
following discussion and summarized in Table 8.3.

Modularity and “Brain-Based” Curricula. Whether humans possess %Mm_m
distinguishable cognitive capacities, as Gardner proposes, they undoubte Iy
possess some differentiation of cognitive function that is neur a_om_nm:\.
pased. Both cognitive (see Chapter 3) and neurological findings Point 00
fetences between general (or procedural) and specific data-based (or

a
MM_NS memory. The same is true for different sensory codes E&B—H:woa.,
ated by attention to establish and access a single semantic nees
These find in . differ?

that have puc. - Pled with brain modularity and hemisphere

iea _M: cvm,e:‘mau suggest two implications.
i S.“:o? are likely to demonstrate considerable v
Petence aw J: ac,ﬂm:ncm and cognitive abilities. If we agree that ¢
then :czsv_s s partly upon biological capacity and partly uP® o obse
A variation in both factors should produce extenstV i

Variability, Thig . ) remin®
us that mwcnm:mcme.g_:_w comes as no surprise, but Gardner (1986) s of C08

. . . > > Q ol
nition over o has routinely placed more emphasis on s0m¢ tyP 5:37&
Compared t c.m?., _;_m means that some learners may b€ :
ers if their cognitive strengths fall into areas 8¢

.
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TABLE 8.3 Implications of Neurophysiology for Learning and Instruction

J— ——

principle Implication for Instruction

Learners are likely to have preferred modes of
processing as well as different capabilities in various
modes. This suggests a multimodal approach to
instruction: Include activities that draw upon
different sensory modes.

1. Cognitive functions
are differentiated.

For example, Ms. Lilly teaches geography locations
using maps and songs. Students learn the locations
of countries by singing the names as they locate and
touch the countries on the map (November, 1992).

2. The brain is relatively
plastic in nature.

Enriched, active environments are likely to facilitate
learning in developing children. As for adults,
although plasticity seems to decrease with age,
learning can remain flexible if a variety of
instructional strategies are offered.

For example, children’s literature can serve as an
effective means to teach reading, and historic 4
literature may be used effectively in social studies
instruction.

Children have implicit knowledge about language,
which should be made explicit during language
instruction. In addition, instructors wro:r.m be aware
that language problems could interfere with subject
matter learning.

3 E:mcmmm may be
go_om_nm__w
Preprogrammed.

For example, arithmetic problems should be phrased
in language understood by the students.

in diagnosing,
ctiveness of .

e various learning

4
Lea Ming disorders
53\ _.::.,m a

Reurph; i i
ogc_ow_nm_ basis.

Neurological testing may assist
treating, and evaluating Em‘mm
programs designed to ameliorat
problems.
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existence of different memory types and cognitive capabilities implies differ.
ent instructional strategies suitable for each type. In other words, acquiring a
procedural skill in music is :rw_v\ to demand different learning experiences
than acquiring facts about logic. Once we better understand the nature of
various cognitive capabilities, we will be in a better position to devise tasks
appropriate to help learners progress in a particular domain.

This argument is similar to that which underlies Gagné’s (1985) theory
of instruction (see Chapter 10), as well as many models of instructional
design (cf. Reigeluth, 1983). The difference among views appears to concem
not whether learners acquire different capabilities but just what these capa-
bilities are. It is hoped that future neurological research may help to sort out
the possibilities.

Although domain differences suggest specific instructional strategies,
learner differences may do so as well. There may be a problem, however, in
the premature application of neuroscience findings to instruction. Educa-
tional programs that are designed to exercise both sides of the brain have
been popular (Chipman, 1986, Rosenzweig, 1986). Other programs have cm.ma
appeals to brain research to justify their emphasis on educating the right side
of the brain or meeting the needs of predominantly “right-brained” learners.
Such programs, however, “are certainly premature and probably ::mm.cama.
(Rosenzweig, 1986, P-352). Brain researchers stress the cooperative Eﬁ_mBJ
tion between the two cerebral hemispheres and argue that their function
S_Wm are only just beginning to be characterized. It would be simplistic 10 aw
scribe rmswwvrm:n differences as “analytic-holistic, <m&m~-mﬁm9m_\ w_. mm_,
w%ﬁ.m of the popular polar pairs that are often used for this purpose A

elson, 1982, quoted in _NOmmDNS.mﬁ_m\ 1986, p. 352).

A . ) ; ional
>,_ though brain-based curricula are not well justified, instructi©
strategies that appeal to multi

le and cognitive m%mc_rzmm‘
Eod%? are. Learners :mS:mM:MMM_MM_N:_.MMMMBQ.EW mmuuuw::nao:m__ m%.
sentation in one mode may benefit from the same presentation in mdmw_.%"
_%M_Boam. Exploring how meaning can be conveyed differently i wu_n._mno__.
Eocww :nw: m_mc, be valuable for learning (cf. Tessmer, Wilson, wmozmﬁ_m.
tivist Aﬁnmwwgga a central tenet of semiotic (see Chapter 5) ¢ © o ont
pathways be m?m_..:_ approaches to instruction. Not only Bm%m(. pe
Minced. established to the same memory, but that memory T/

and broadeneq by unique contributions of different codes:

u sticifV
O“M_”womrwomu M“ Enriched Environments, Critical Periods, and ﬂﬂ_:ﬁm_a.
Many Bc?.vom atal period of the developing animal, synapses 2

Mature or m%hﬂ ﬂqﬁcnmm by the young brain than are noaz.:mH
lowed by , «.&S,:m. This initial overproduction of mv\:mvmm_ b _
ani] mar: m_x.. .~ of ncsmc:am:os. in which some syn apses wi ca.:mf.woa
; @fmjw are reached Agﬂagﬂnmﬂm_ﬁﬁ ~©®®v. >_§Ocm_‘wm ‘Dmm.
7uting and pruning period are still bein® 1y cog
'eve that it correlates with critical ﬁm:oam
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development. This may help to m.xEm.S. for example, why “certain preco-
cous behaviors (like neonatal swimming or imitation) drop out” and why
flexibility declines after a certain period (Gardner, 1986, p. 270) )

Critical periods for the development of visual perception (cf. Hubel &
Wiesel, 1962) are well established, and they are presumed to account for
some observed differences in language learning, discussed earlier. There
may also be critical periods in each of the seven domains of competence that
Gardner has proposed. Whether or not Gardner’s proposal is confirmed,
what do critical periods in general suggest for instruction? At the least, they
imply an important role for environmental events during the period of de-
velopment deemed critical. Just what this role should be is the question.

In Piaget's view (see Chapter 6), equilibration is the major develop-
mental process, implying that whereas environment provides the nmnﬂmpc.
raw material, the main impetus for development comes from s,.:r.E the
learner. Consistent with this view was Piaget’s opposition to %E&Em up
development through instructional interventions. Most educators in the
Piagetian tradition, then, would consider enriched environments to be those
that provide a variety of resources promoting child activity. ‘

By contrast, Bruner and Vygotsky (see Chapter 7) accorded the envi-
‘onment a more extensive role, believing that instruction can van_m% and
“ntribute to development. Similarly, biological evidence ﬂoB m»:m_mm‘om eI
Tiched Versus impoverished environments supports the Bzcmsnm of env x_
Mmzsmi on development (Friedman & Cocking, 1986)- ,mn:ng%ﬁw Mm“,wmwam
prob] ¢ such tactics as parents, siblings, or peers help M Tk, GiGE
ch €Ms, prepare for school tests, or read challenging books. In titude

m:a:m,_:m textbooks have b ciated with higher Scholastic Aptitu
Test (SAT) SNIVS DQRT foe to promote language and
tading .o 0res, and more difficult books appear top

ng achievement (Chall & Peterson, 1986). ith both

Because critical pers i rly in development, It =

periods typically occur early 1on assumption
nd behayior exhibiting less flexibility over time, a com
been that .
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Me thy _._4: for later cognitive development and accomplis e ientists 0
Knoy, tit ig €qually if not more vital for educators and .ncmﬂcﬁ e
nmﬂoE the capacity of the nervous system, even :_ﬂowo N .,».?ﬂ.
_sn nw:mmm in response to experience” Axomm:.NMEm..: o L Cocking (1986),
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Language Learning. What help to educators is offered by knowled
language may be biologically preprogrammed? Perhaps it comes 4
one simple maxim:

ge that
OWn to

...much of what is taught—and should be taught—about language to children
is already known to the children implicitly.... T believe that the best teaching
methods will be those that specifically take advantage of this prior _Sos_mamm
that call the child’s attention to what she or he knows, and build as directly mm

possible from that knowledge. (Gleitman, 1986, pp. 144-145)

This maxim, it seems to me, suggests two related implications for instruction.

First, teachers of multicultural classrooms would be well advised to
consider nonstandard English as a language or languages other than En-
glish. In other words, children from predominantly black or other ethnic
neighborhoods typically speak English in a way that sounds wrong to most
teachers. It is certainly wrong in the sense that it does not conform to the
rules of standard English. But neither do other, so-called foreign languages;
they have their own internal structure and grammatical rules. The same ap-
pears to be true for black English and other forms of nonstandard English
Thus, children of all backgrounds probably speak quite grammatically in the
language of their surroundings. Knowing this may help teachers to deter-
mine what implicit knowledge children have of their language and to us¢
this to best advantage in teaching standard English.

Second, differential patterns of language development are likely t© be
reflected in the differential difficulty of various language tasks. For exam
ple, “children are able to think about and manipulate word- and syllable-
piie representations of language much earlier in life than they can . %M
same for phoneme-segment representations of language” (Gleitman, 1986,
P- 145). Thus, to be most effective, language instruction should anmm‘m.nM
the same sequence, helping to draw out and call attention to students -
plicit knowledge about language. - als0
Sﬁawmw Ml.::,”: wmgwm: language knowledge and task &Enc_.wmmm_,%:
_f.;l....-‘., u,p._”m.?mﬁw.m_. in other areas of instruction besides langug istic
g :,. ‘......_.r“:& m arithmetic problem solving have shown that the :“W»mmwm_
- Mw: 3 word problem can greatly influence its difficulty. Fore

der the two simple problems below.

. more
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problem ?mm:Bme mr%:.E Mcmmnm. Eoiméa _wr.m problems are not |jn.
msm%m:w the m,mEﬁ and, in fact, one is more difficult to answer than the
other. You are right if you guessed Problem A to be the more difficult one.
Concepts of more than msa less than appear later in language use than con-
cepts of adding to or taking away. Thus, word problems of this sort can
assess linguistic competence and, indeed, mask arithmetic competence, Re-
all, as well, the influence of schemata on arithmetic problem solving that
was discussed in Chapter 4 and the conception of language as a sign system
that was discussed in Chapter 7. It seems likely that different linguistic struc-
wres will trigger different problem schemata or sign understandings, which
may either enhance or interfere with solving the problem at hand.

Learning Disabilities and Their Treatment. There is great hope that neuro-
logical testing will some day be sophisticated enough to detect and diagnose
avariety of learning problems. However, better diagnosis does not make the
problem go away. Rather, the challenge lies in designing effective educa-
tional programs to overcome the learning difficulty. The solutions to that
challenge are as apt to come from elsewhere as from advances in the neuro-
physiology of learning (Chipman, 1986).

Perhaps two additional points are salient here. The first concerns how
we characterize what neurological causes are discovered for various learning
problems. Calling such causes “defects in cerebral architecture” may signify to
ome people that they are immutable, impossible to alter or fix. Such an as-
sumption might lead to the unwarranted abandonment of efforts to _.m:_m&%
e learning problem. On the other hand, finding neurological bases of cogni-
1€ functions does not have to imply that some functioning is normal and
*me defective. Rather, one might expect the brains of two individuals to be
different, with one possessing some skill that the other lacks. Neural Eﬂ_mnwa“ow,m
w this sort might be helpful as an additional source of information 0
"éluate the effectiveness of educational programs (Chipman. _omwwu. s okl
ficity Finally, it pays us to remember the neurological ma,_%:% o(,mmﬂ. QW?W
r.mmm.nrm_._ and Peterson (1986) suggested that we mn_o% n.:wm a structure
that .1ﬂ 3 "an active constructor of _.Bos,_mamm\ and Em rai e 31
Lear T8ES physically as well as behaviorally with _mmBa w.nc_? and
Mers de overcome disabilities, albeit sometimes with great dIFHCHE

Nged effore.
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« + <mall child or whether music lessons began for him g j
he was a s{ »:~n~—-dt the age of 7 or 8 (or later). Therefore, it is impo
speculate \u‘n the role critical PCFiOdS may h ave. play ?d in his early Muygje
ifum’m».: or whether his parents sogght toenr ich his environment with eype,;
ences u\m might have enhanced this learning. L1kewx.se, there is no evidencet,
<t that Kermit suffers from any sort of attentional problem. Qui g,
opposite—he demonstrates t,ha.t he can foc.us his attention apPropriately in -
ondinating his reading the music and playing the corresponding notes.

The biological concepts that are perhaps most clearly illustrated in this
story are those pertaining to different memory systems. Using Schacter and
Tulving's classification system, we can see that several memory systems
appear to be involved in Kermit's learning. The motor skill of playing the key-
board invokes the procedural system, whereas reading the music invokes the
primary, semantic, and perceptual systems. The conditioning of the mistake
that becomes part of Kermit’s repertoire also appears to involve the proce-
dural system. Similarly, this could be understood as a kind of priming, which
n &pxim's taxonomy (Figure 8.5) would be an example of nondeclarative, 0f
\mpl.lcit, memory. That is, because of the association Kermit has made betwee?
playing that note a particular way and the background that accompanies 1

ill’l\:;ang] < b“c_kSmlmd serves to prime, or cue, Kermit to play the “Ots
i tl:r:i::; naturle ‘of the memory means that he is unlikely to becom
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" Matrix
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pinet Theorists
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mmg Oﬂtfome(S)
L
g.)lt gfthe Leammer
Role of the [nstructor

Inputs or Preconditions to
Leaming

Process of Learning

Biological Bases of Leamning

L. Cosmides (evolution); M. S. Gazzaniga; M. R.
Rosenzweig; D. L. Schacter (neuropsychology)
Thoughts, behaviors, emotions, physical changes in
the brain

Interact with a hierarchy of environments
Understand the interactive relation between nature
and nurture

Attempt to determine what things in learning are tied
to critical periods for development

Provide rich, complex, and engaging learning
environments and allow for practice

Maturation, different kinds of experiences

Synaptic formation and pruning; organizing and
reorganizing brain structures
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