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ABSTRACT

Understanding why students are not naturally and
easily able to generalize or apply what they have learned in other
situations involves understanding what teachers want their students
to learn; what learning is; what teaching is; and what is involved in
generalizing or applying what has been learned. Research in
educational psychology identifies three major types of knowledge:
rote (i.e., memorization), declarative (i.e., knowledge of concepts)
and procedural {(i.e., knowledge of a physical or intellectual
process, method, or skill). Knowledge does not automatically transfer
between declarative and procedurzl knowledge. If teachers want their
students to know about and be able to do things in {ifferent domains,
both declarative and procedural knowledge will have to be taught in
the same or each different domain. Learning results in the growth of
new structures in the brain. New dendrites and synapses construct
elaborate neural networks between neurons. Brain structures do not
magically transfer information. Neclarative knowledge is grown on
different neural networks than procedural knowledge. The following
learning principles can help teachers bhelp students: (1) learning is
physiological; (2) new brain structures grow with practice; (3) brain
structures grow precisely and exclusively for what is practiced: (4)
each person has their own unique pattern of brain structures; (5)
students need to construct basic networks before they can construct
more complex ones; (6) brain structures grow when learners are
active; and (7) emotions affect the growth and function of brain
structures. Teachers should help students make personal connections
to new material and be allowed ample time to practice. (KP)
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We ~ teach
§ students
fl something.
¥ We- -expect
B3 that once
& learned | it,
P theywﬂlbe

23] ableto use or

eraliz= it in

g they have,

apply or gen-

What Do We Want

Our Students to Learn?

The resgarch in educational
psychology identifes three major
types of lmowledge. :

One type of knowledge 1s
“rote” knowledge. This is know-
ledge that is memorizéd in a given . -
way and that's all the students know
about it: They can recite it back but

. don't necessarily understand what it

d1Eerent sxtuatxons.' But students -

_'typlcally seem to "have trouble

a.pplymgwhat théy have learned.
This is
. dlsappomtmg both for us and for

and

frustratmg

our students.\" .,

Why arent students natum]ly -
and ‘easily able to generalize or-
a.pplv what they have learned in”

other, dgﬁ'erent sﬁua.t:ons or mth
, other; dxﬁ'enent tasks?

" means and typfcally can't use if in

any thoughtful or creative way! .
Some rote knowledge, however,

- might be useful, as'when students '

. mémorize the multiplication tabies.

Anothet- type of knowledge is .-

* called * declaratwe knowledge.

There are a ntmber of ques- .. .’

» tions that are mvolved. 1 Wlmt do
. "we want our students to learn? 2)
. What is learning? 3).What is .
‘teaching? 4) What is involved in .

generalizing or applymg what' one

3

L]

": This is howledge about somnething

(not merely ‘memorized knowledge

. _ like rote knowledge). For example, ..
dedlarative knowledge is knowing ", *
.or understnndmg vwhat the book ¢ or "

teachersays., In order to help our .-
studentslearn about the ideas or
infofmation in our lectures and/or _

- téxts we might give them readmg o
;" "assignments; we rmght enconrage . *

. students to ask questions; we mlght .

16

facilitate c]:-xss dascus&on, we might
ask students to wnte -about what




' The thid

they have read we mlgl’xt have .

students give theu" own opinions
"about the ldeas or information.

Afterwe have done this, we might

Y ngetlmna.wnttentestsotl‘xatw&

. c&n’evaluate whether they have
. indeed aéqmred this’ declaratxve
lmowleclge. !

'type of knowleclgﬂ is
- called “procedural” knowledge.

'I‘lnsmlmowledgeofhowtOdoor s

: nse or lalpply a physxcal and/or
,mtellectual progess, method, or skill
";For’ example, being able to perform,

anexpenment,wnteapaper or run

" a piece of equipment is procedural.

" knowledge. Soine ways we can help

. students acquire procedural know-_

ledge is by guiding them as *hey go
" step-by-step through a process or
tlu'ough the-application of a meth-
: od. Students need, repeated oppor-

tunites for mdependent, authentic

prachce, that is, for doing the actual
activities of the target method,

process, or skill itself. After they

" have done this prachce, we rmg,ht
' nge tlacmapexfozmanoet&stso that

" we ¢an see whether they have™

 indeed acquu‘ed this procedural
. Jnowledge. - -

When declarat;ve ancl proce-’. '

dural knowledge are separated,

_ students know either about the
ideas and information gr they know

how tg do or use'or.applya method,

tprocess or skill. For example, when ‘

declarative and procedural know-

ledge are separated, stidénts might
tnderstand declarative knowledge

about the jmportance of safety in 2 °

lab or shop. They might have heard

" a lecture, scen a demonstrahon,

*"“read ataxtabout the importance, of -
i safety. They ‘might have taken and |’

‘passed a ‘fest on this purely
dedlarative knowledge. And, yet, in

. the lab or shop they seem to have :
forgotten what they learned or seem
unable to apply thexr cleclaranve ,

" knowledge.

Andther example is the lngh
* degree of declarative lmowleclge’

about Englxsh grammar that some

(}/ﬁnvt

_'ESLstudents have alon.gw‘th 2low
. degree of procedural kriowledge of .
" how'to use this declarative know-
edge in their own wrmng They
" éxcel atworl(bool: exeixises, in dnll *

.and practxce activities, and on

'standardized tests about- English - -

" grammiar; et, thei ability t6 apply -
that declarative lmowledge to their -

own writing is o low ‘that their

~writing lodks, contrary to fact, ‘as ©
"though théy have.a low degme of

dedclarative knowledge. |
'Ihxsxstobeexpected.reseaxda

i éducational psychology shows us-
that knowledge-does not automa- .

‘ncally or m.turally transfer between .
declarative knowledge and proce-

dural knowledge Thus, when
studefits don't generalize, or apply

 -the dedlarative knowledge that they

have- acqmred it i5 probably be-
cause they have not also acquired

‘the related procedural lcnowledge of

how toapply it. g
But: w1thout _the related’

procedural knowledge, purcly

* declaiative knowledge will remain
'knowledge in words only and not

lmowledge in action or applxoanon
" On the other side of ..he coin,

- wheh students have only proce-

dural lcnowledge but do not have

" declarative knowledge, they cen do -
: sometlung but they do,not neces-

17 4

sanly understand v'hat they are | )

‘domgorwlly o

'Whatdowe,nl'act.wantour
students to learn? Do we want
" them exclusively to merhorize rite -
knowledge? Do Wwe wint them
., éxclusively to learn about some-.

. thing? Do we want tHem exf.lus'xve-:

. b/tolearnlxowtodooruseorapply IR
*something? Or do we want them to . - - .
» " undefstand what the book and:
.teacher said and also to use our

' 'dxsclplmes methods and knowledge * -

in a creative land critical thinking
way (cleclarame plus proceclura.l

Lnowledge)? |

For the majority, of our

" students, whatever different things

“we want them to learn, we have to

teach each different thing. If we

" want them to be able to apply their
.declarative knowledge, we need o

teach them how to apply that

declarative knowledge. If we want
them to know about—and also be
able to do—things in different

*  domains, then we need tb teach ‘
" both declarative knowledge and
- .procedural knowleclgc about each

thmgmthesameclommormeach
dlgemnt domain. .

%ztlaLeanu’ng’
Learmng is growing new
structures in the brain. Tlus

+ . growing is done by the brain itself; it
. . is born knowing how to do it and

does it naturally. (Please also see’
Gamut 1990-1991.) X
The brain has perhaps 100

- billion nerve cells (neurons) Each

r!euron looks like a plant root with

[ibers growing off other fibers, lVlost

of these fiburs are called clendntes
Over-sunphfymg the procee.s, we

‘can 'say ‘ that* neurons make’
. connectlons-—-or commumcate—-

with €ach other through their

" dendrites. Each point of communi-

cation/connection. is called ‘a
synapse. Each neuron might have
10,000 ‘synapses with 1other :
neurons. All thinking and memoxy ’

. Conlmua? onpagedl ’

A

-



ERIC

Aruitoxt provided by Eic:

‘Acquiring Knowledge
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is based on this communication

. beuvceq'r{emjons. (As discussed in the
t 199091 Gamut artidle, these physiolo- "
gical brain structures can also bé
_conceptualized as mental schemas or
_concepts, as knowmg y

When we're Bom we have all the -

neurons we'll ever have, but when we :

leam. Wwe grow new dcndntes on the

neurons and form new connﬁchons'

befween the heurons. Learning, in fact,

s nothlng other than our brain's
growmg new.dendrites and'synapses —

41
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and c.onstn}cting c]};borite n.eural
networks between neurons—speclﬁ-
cally for whatever we are SPe”xEcally _

.,attendmg to, specxﬁcally expcmncm& -

specxﬁcalfy practicing; in short, our; .

- brain taxlor-makea new dendntes,‘.

'-' 'grnapses, and neuml networks for each”’ ‘

new specific, thmg while we are
attending fo, éxperiencing.or practicing
it."These new tallor-maae Bram
structures cannot be used

‘something else because they Wexe'-

.grown and constructed specxﬁdally,
with exquisite precision, for only the *
one thing we wefe attending to and
were growing: them for. Brain

structures don't magmahy transfer, -
They remain as they were constructed
until and unless future learmng :
experiences modify them.

This is why transfer from one .
thing we've learned to some new and
‘different thing is generally not possible.
We learn only what we grow the new

.dendntes, synapses, an& ncural

networks for. If we want to learn

] somelhzng new and different, then ‘we

need to grow new and diffefent tallor- -
made dendnites, synapses. .md neural )
networks.

Lcammg new dcclamnve know-
ledge means we are growing new den-_-
drites, synapses, and neural network
for that specific new dedarative know-",
ledge. Learnlng new procedural
knowledge means we are growing new
dendntcs. synapses, and neural
nerworks for that particular pew
procedural knowledge. Likewise, when
we acquire knowledge in different
domains, we grow specific and different
dendrites, synapses, and neural

network for each new t]'una‘ learned in

. ea.ch dﬂerent dornmn

*For this reason; learmng must be
authentic. That is, as noted above,
students need to learn the target

lmowl'cdge by workmg on or with that

’ .Lnowledge itself. For instance} when
‘the tatget knowledge for developmental

anhsh students i is to write with correct

" grammar and we teach it by havmg

them doing drill and practice in a

workbook or on a computer (electrdnic
'Workbook) they are frowing new,

dendrites, synapses, and neural

" networks for doing grammar in

Continueg on page 42 ;
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s Contuuwa from p page 41 . .
""" . workbooks but noné Tor the target
knowlcdge of how to use correct
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grammar in their own wntmg To help

students learn Low to use correct

" grammar in their own, writing, they

" need-authentic practice to learn/grow
" brain structures for precisely this target

knowledge. They need authentic.

_ practice for this target knowledge not

inauthentic practice with non-target

" knowlédge that students must then
. “magically” transfer or transform into

the target know]cdgc Suc]'\ transfer
does not happen.

What Iy T m&uz_y
Teaching is helpmg students gmw

new dendrites, synapscs, and ncura]

- again to over-simplify, is that-the :

networks.

What is involv edin g-"ncraltzm~~> or

aéplymguhat one has leamed? *
» When thé dendrites, synapses, and

" neural network of each separate t}ung a

student has leamed grow cnough to
make contact with the well-grown
neural netviork of a different thing, an

“aha” experience occurs and learners
say, “Oh, now I see how they relate.”

- They see this because the two neural
networks have made physical contact -
and now thiey do, in fact, physically

‘relate. At this moment, learners are *

finally able to see or grasp that-—and
how ~the different things rela:e

* The reason t}u., connection ocaurs,

deadrites, synapses, and neural -
networks that durmg Icarmng

experiences have been growing.for the )

"different related thm.as—or things that’

- wcmhyngtolcadourstudentstosce !

* . as related.- -become so rich asd.

numerous t}m the tWo heural networks .

* are finally able to interconnect. At that °

%

poirit the studenty can begin to make—

' and do begm to’ ma.kc—-connccno?;s

that they couldn't have madc when

¢ there wasn't rich cnough dendrite, '+
* synapse, and neuiral network growth "’
" for both thmgs to enable xhcu two'
,neural networks tc intérconnect. -

. This means that easy and '-ar]y
aPpbcahon, transfer, and generalization
2 not namnlly oceur for the majority

-

LR

Gt -

. of stu;!cm:.. All students, howcver,

'chntualIy connect) relatc. and _

ot symhmtze their know]eo'gt of different

domains or related knowledge in the’
same-domain —but only after they
: spendammnlamoun"' of time doing a

. critical amount of dendnte-synapsc-

nctwork-growmg for each different

knowledee about each different t]\mg

* On the other hand, students ¢ can -

usua.ly transfer bet‘wccn tasks and .
. situations that are identical or almost *

identical, as in elsctronic or printed
workbooks or on worksheets. But is.

N
“. pre-test for ablllty to 1dcnt1fy
- prepositional phrascs (PPs) and
sub)ect-verb pairs (SVs) in their own ©
writing, both’ groups scored low (see -~
. vraph) For the first week of the
. experiment, all students were taughit -
.- together about PPs, a simple clement,
for 40 minutes of each class. In the last
10 minutes half practiced identifying
PPs in a workbook while the other half
practiced xdcnnfymg this element in .
their own writing. After 2 week they
took a post-test, 1cic1’1t16/mg ‘this element
in their own writing. For the next two

this the kind of transfer that is our goal weeks, all students were. taught togeth-
for our students? o er about SVs, 2 vexy eomplr_*( element,
.t Average o S Works ,_.
SCOI"CJ.' : ' Workbook: = =~ = ='a m w -'.- - -
100 : :

90 — —

80 - j‘i 1.

10 ‘3] :

60

40 :
" 30
. 20 _ (S
S0 - -
o - :
. PPSSY - PP Pout-tent *o 8-V Poyt-teat
Pre-test (After 1 week) | (After?2 weeks)
Number of WORKBOOK 158 94
i Practice }—-———-m-————.-————-———.——-
Sentencey SELF-WORK 33 ¢ | 17
” ” *
" An experiment to test -this and pracncedm twogroupsasthcyhad' '
hypot.ﬁe.ﬂs. , . for, PPs, followed by a similar post-test.

To test the hypothws rhat neural

nct'works are tailor-made for the

* specific thing that'is practlced I. ~.

performed the foUowmg experiment.

Experimendal Fypotbesin, * .
* Developmental English’ students

who learn grammatical tleinents frorn : a ‘-‘

", workbook db pot transfer o apply, that
know]edge automatxcaﬂy to thm‘ own
th"g

Method: 25 students’
. Developmental English class (ENG.

‘ - 094)mthanavcmgt6dagradcrcadmg‘ .

level ‘and lack of knowledge ‘of
. grammatical elements'were randornly,
. nsxgned ta two groups (12/13). Ona

42
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Results: The workbook group

+ practiced on an averige of 158 PPs
: wl'ule the self-work group practiced on .’

“ . an average of only 33 EPs (the writing.
: took more time), for a 5:1 difference.” ™
The PP post-test shows thc workbook .- "+
' group did better;. however, statistically, '
the amount of ‘this ‘difference ls._"
ms\gmﬁca.nt. Tor the SV. pm:ncu the
‘workbook group pracnced on an: *

. average of 94 SVs while the self-wodc .
: grouphadanavemgeof]f a.gnnthemj‘ \
was a 5:1 dxffcrence In the post-test, B
‘there were three very interesting |

*results: 1) the sclf-work group did -
sgmﬁcandy better sta.n'sﬁcally than the

R 8 '




" topic than they had on the s .ﬂmpler PPs;
3) the yvorkbook group did significandy
worse than they had done on the PPs:

'. _wc:rkb('.)ok group; 2) thre self-work’ :
+ group did better on this more complex _

* Conclusions: 1) Tt seems that using .

workbooks not enly did not help the
workbook group transfer their
knowledge of SVs from the workbook
to their own writing, but it was a.ctually
counterproductwe 2) It seems that
even though the self-work group

practlced five times less thdn the’

" workbook group, they learned how fo

identify the complex SV element in
their own writing better than the

workbook group. 3) These students

learred what they practiced. The .

group that practiced on their own
writing the target task of identifying
these elements in their own writing
succeeded better than the group that
practiced in workbooks, even though
the workbook group practiced five
times as much. :

Learning forEmpoumlmb
Physiological Prineiples and T/mr
Implicationa for Teaching

Since synthesizing and gener-
alizing occur when dendrites, synapses,
and neural networks grow large and
rich enough to intercennect, in order to
see how to help our students learn
procedural and dectarative knowledge
and to generalize and synthesize
different knowledges, we need to see

how to help them grow their neural

structures (that is, form mental schemas
or concepts).

1. PRINCIPLE: Learning is

physiological:-new brain structires

grow during learning, and learning is
the growing of new brain structures.
Learning and growing new- brain
structures are the same thing. -
IMPLICATION: Teaching is like
ga:denmg we need to help students
grow new organlc bram structum

Ly '

S 2..PRINCIPI_;E:‘N'ew brain

" structurés grow with practice, i.e, by

our makmg and correcting mistakés

and trying again, and usually new brain .,

structures take time--a lot. of
! pr:achce—togmw (See Ganiut 1989.)

IMPLICATION, It helpy-if .~
: ' Yo

Gt

everyone belxeves that nustalxes are »
 necessary, inevitable, and important . *

part of leammg- we learn by making
and correcting our mistakes,and trying

' agam We can’say to our students, .
“That was a good mistake —now you -

can learn something.”
IMPLICATION: It will help if
we prowde a lot of time for practice.”

. The time "spent on . authentic™’

pracncdfeedback is some of the most
well-sgentclas.s time.

3. PRINCIPLE: Brain' structures
grow precisely and exclusively for what
is practiced: brain structires that grow
for one thing are exclusively for only
that one thing-and do not “magically”
change.

IMPLICATION: Students need
authentic practice with the target
knowledge, so they can grow brain

structures for it.

4. PRINCIPLE: Each person has
histher own unique ‘pattern of brain
structures because we grow tiem for

. everything we experience, and each

person has different experiences. Also, -
new brain structures grow off old ones, -

_ ie, new things must relate to old things.

" IMPLICATION: For each new
thing we teach, it would help if, as a first
step, we find a way to have all students .
make a personal connection with the
n w thing so that they can relate the
new to what they already know. (See
Ganut 1990-1951.) '

5. PRINCIPLE: Students need to

construct basic; Qéundhtion brain
structures about eachi new thing before

" they can construct the dendrite/syn-

apse/neural network ~=rich, higher

. structures needed for critical/creative
“thinking about 1t,,wh1ch they will do

naturally; as an inhate ablhty-—but only

after they have first constructed the .-

ba.SlC structures. (See Gt 1989)

IMPLICATION: Expect that -
students with prior experience in a ¢
+ subject have a brain structure -
- \advantage and can start, at a higher -

level than' students w1thout this

* advantage wha will need Jo begin by -

first constructing the basic structures. _
IMPLICATION: A' teaching

method ‘that focuses on students

.:"43 .7.t~..
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.

_ .construcnng bram structm:&s froin basxc

" to high level, ie., on stidents acquiring ©

knowledge from superficial to in-depth,
- will help. (See the “Natural Tea*c}ung

- Method"in Gt 1990-1991)

6 PRINCIPLE Brain structiires -

. grow when learners are active. Activity-

" .and snmulahon prepare the neyrons

for— and facilitate —new growth,

IMPLICATION: Keeping the

activity level as high as possible will -

help. This three-step cycle works well:

_ students do a task individually (to

activate their own brain), then share in
small groups of 3-4 (to have 'agnve
mteractlon) finally debrief and process

-as a whole group (to keep activity high
as a community). (See Gamut 1990-
1991))

7. PRINCIPLE: Emotions affect .’

the growth and functioning of brain
sstructures. (See Ganut 1930-1991).
IMPLICATION: It wilt help if

the class/learning environment is

" positive, supportive, encouraging—.

with the teacher’s full belief in students’

desire and innate ability to learn when

they have the opportunity to learn the °

way their brain naturally learns.

8..PRINCIPLE: DNA can affect

how quickly brain structures grow for -

different thmgs, accounting for
apm‘ud&c. '

. IMPLICATION: Expect that"

some students might have, a genetic
advantage 2
V\/hat would be the consequences
of following the principles and
- implications .
Empowerment (seeabove)? )
Would we go more slowly a.rd

lecture less in order to provide more
time’ and opportumty for studerits to™ -,
. thoroughly grow their brain structures”
. through sufficient authentic active, in- ¥

class partxcxpainon and prachce? Wou]d

of " Learning. .for-

. we need fo cover less in a, quarter?- i

"Would® we need to’ revxse our‘

.cumculum? AT

I "ni'aglcal" tramfer doan t cxxst,
is the research seems to show, then'
perhaps‘ we need senomly to’ consxder
‘ these consequences,. - I.




