; . 2 ) : ~
**************#***15#***************** ¥ ok 3 3k ok % ok %k

LR SR B 3R B B

A I3
‘ .
' . DOCUMENT RRSUNE
ED 126 944 IR 003 861
AUTHOR ‘ Lackmann, John \
TITLE ' Treading the Troubled- Haters of Training: Some .

. Guidelines for Improving learming Efficiency.
PUB DATE . ' Jul 76 ' . )
NOTE . - U41p.; Paper presented at the International Learning
Technology Congress and Exposition on Applied
. Learning. Technology for Human Resource Development
. (Vashington, D.C., July 21-23, !1976}

’

LY

EDRS PRICE MP-$0.83 HC-$2.06 Plus Postage. : .
DESCRIPTORS Effective Teaching; Higher Education; *Instructional
- . Inprovement; *Medical Education; *Simulation; Student

Motivation; Surveys; Teaching Methods
IDENTIFPIERS -  Learner Controlled Instruction = . ) ) -

-

ABSTRACT . . : . .

S A study was undertaken to examine the practicality of
foriulatife efficient teaching strategiés by deriving them from
simulati ofi\learnér .characteristics. Thirty interdisciplinary

concepts were -introduced as.guidelines for learping efficiency, and

* three principle requirements for learning efficiency were derived;

{1) edycational materials should be matched with the sensory

-input/data-processing charactéristics of the learner; (2) students

should:determine their own pace; and (3) adeguate motivation should
be ensured. The simulations were introduced at regional medical
meetings, and the Teactiocns of 846 physicians vere solicited. The
resulting recommendations to improve. training progkahs included the
use of moré.on-ﬁhe-job-training,‘the use of more simulations and
games, and more student comtrol over the pace of learning. (EMH)

Sie 3 .‘b‘ . .1

< “

e

sk o o koK koK Kok ok ook ok ok Kok K K

Documents acquired by ERIC include mafly infofmal unpublished *
materials not available from, other sources! ERIC nakes .every effort *
to obtain the best copy available. Nevertheless, jtems of matginal “*.
reproducibility are often encountered and. this -affects the quality *

via the ERIC Document Reproductionm Service (EDRS) « EDRS is not *
.responsible for the quality of the griginal document. Reproductions *
* supplied by EDRS are the best ‘that cap be made from the original. =~ *
***************************************************************f*y*****

. . v . , o R W
’ lq ." . i » ,1

of the microfiche-and hardcopy reproductions ERIC makes available  * .




(4

.
»

r

ED12 6944

e w

i*
[
.

TREADHNG THE TROUBLED WATERS 6F TRAINING: .

. SOME GUIDELINES FOR IMPROVING LEARNING'EFFICIENFY -

d

_ ) * John Lackmann
. Department of Family Practice .
. ‘ o University of Iowa
! . ’ Iowa City, Iowa

’ US DEPARTMENT OF HEALTH

EDUCATION L WELFARE

NATIONAL INSTITUTE OF
EDUCATION

© THIS "DOCUMENT Mas BEEN REPRO .
DUCED EXACTLY AS RECEIVED FROM ‘.
THE PERSON OR ORGANIZATION ORIGIN.
. ATING T POINTSOF VIEW OR QPINIONS -
STATED DO NOT NECESSARILY REPRE:
~ SENTOFFICIAL NATIONAL 'NSTLTUTE OF
EDUGATION POSITION OR POLICY ‘ . ~

3 ’ -~




. -\ John Lackmann

TREADING THE TROUBLED LATERS OF TRAINING:
SOME GUIDELINES FOR IMPROVING LEARNING EFFICIENCY* . .

i

Department of Family Practice
University of Iowa : ' ' .
Iowa City, Iowa ) T .

. ABSTRACT -
e ~ '

The fole‘of learning as a tool for enhancing human efficiency
and survival characteristics is examined. The advantages of using
simuldtions in general, and simulated patients in particular, as a
means of improving learning efficiency is discussed. Thirty impor-
tant concepts based on research findings from the areas of mathe-
matics, biophysics, physiology, information theory, cybernetics,
psychophysics, physical psychology, neurosurgery, brain cell function
research, artificial intelligence, communication and media are pre-

¢sented: These concepts provide solid guidance for individuals
interested in promoting learning efficiency. Furthermore, these '
‘raise important issues that must be satisfactorily resolved by ény
\\\ 1 theory which purports to explain how humans learn. .

[ )

Based on these premises it is suggested that the three princi-
pal requirements which are necesgary for the optimal pgckaging.qf
. information for leatning efficiency are (1) matching educational
Materials %5 the sensory-input/data-processing characteristics and

o persopal needs.of the learner, (2) enabling'each stuaéné\to
-‘coﬁfrol'his own learfing pace and (3) assuring ade uate learner
. motTvation. « L .- N

N
. .

N .
Simulations constructed in accord with the above concepts of
- informatign packaging were tested at eiggt national and regional

medical tings\** Reactiens from 846 h&sicians and other health
professionals were“so6licited. More than ninety ‘percent found them
interesting, instruc ive, challenging, useful and thought that they
"rang true." e ,

It is, concluded that training institutions could significantly
improve learning efficiency by\(l)ﬁproviding more "on-the-real-job"
experiences, (2) incorporating wi e use of simulations and games that
realistically mirror importint situd ions and (3) allowing each
student to control the pace of his own raining insofar as pgssible.

N \ J =
/

International Learning
Washington, D.C., July®
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*Thi; baper is based on a presentation at the Fir
Technology Congress on Applied Learning Technology,
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At a\?EEPﬁt\simul t;on conference, one speaker began his address with the
following observation: ’ K

N . é

*

- Phaedrus, in the year 8 A.D., wrote: "Things are not always
what they seem¢" Gilbert‘(of Gilbert and Sullivan) wrotg: "Things
are seldom what they seem." Longfellow, not believing in half-way
measures, wrote: "And things are not what they seem."

o )
}bwever, a long-standing, intimate involvement with simulation and applied
Tearning research suggests ingtead that "things are .never what they seem."

¥ Although why this is so remains a puzzlement, there is mounting evidence,
and increasing agreement that each one of us is unigue-in a2 quite "physical"
_sense, Tives in_pis own unique world, and looks at 1ife.in his own unique way.
- After intensive”study of "paleqneurology and the evolution of mind," Jerison
. suggests thgy the "work of the brain is to create a model ¢f a possible world
™ rather thaf to record and transmit to the mind a.world that is-metaphysically
true."(z) Self-deception may be the rule, not the exception. '

Also, it is not clear whether "similarity" or "difference" i% the more .
important concept. However, if too many differences exist in any situation
under examination,»¥t is easy to become confused about the relative importance:
of. different aspects and learning is thereby ‘impeded. So_for our purpases
similarity is considered the most important and within contexts that are

- predominantly similar we concern ourselves with differené¢es that are "important"
in a quite personal but generally replicable sense. A1l formal educational
endeavors, for example, are at base quite similar. A colleague of mine has
even suggested that there are no important differences. between schools that
provide training for professionals and kindergartens. True, the students
are bigger and the talk is “about differert things, but-they still inhabit
‘classrooms where they are expected-to remain seated, are occasionally reminded-
. - to keep quiet, have someone up front talking at them and smiling at them, and

they even participate in "show and tell." |

t

- ’

Finally, we rely heavily on theweight of evidénce collected so far which
strongly suggests that there are considerably mere similarities than differences
between human Peings and anything else we can accept as 1iving organisms.(3
Man possesses few if any "physical” mechanisms that are unique, even though
the particular type of genetic mix and the level of complexity is unique” of
course. /

In the sections that follow, we will first consider some of the advan-
tages of using simulated-pati instead of real patients. We will then
briefly examine some of the evidence regarding man's built-in continuing
drive for greater efficiency and the role of learning as a tool for ‘improving
both individual and collective efficiency. Next, we will present some of the
coriceptual results of our investigation with respect. to how people learn, 1¥st
.. the three principal requirements for increasing learning efficiency, and then
e discuss the results of admipistering simulations constructed in accord with

specific information-packaging techniques. Finally, we will offer some guide-
lines for “individuals interested in helping their students learn more effic-

iently. ‘

*Eric Lenneberg argues that the "neural coordinates of lan uage capacities
are a propensity for certain activity patterns in the humgn brain," rather
than assemblies of components that are structurally unique to man. '
(See reference #67, p: 363.) . .
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ON USING REAL PATIENTS

I suppose it's fair to ask, "Why use simylated patients instead ‘of\real
ones?" Fortunately, or unﬁﬁrtunately, depending upon one's views on such .
matters, the supply of "guinea pig" patients who are willing to submit to.
medical procedures designed principally for the purposes of training students
is~dwindling.(4) During the last decade, for instance, the number of students
enrolled in American medical schools has increased by 70%(5) while the average
daily census of patients in American hoSpitals has decreased by 20%(6).

" . AY -

Traditionally, a plentiful supply of indigent patients has served'trqip-
ing needs; but as we inch closer to some form of universal health care ‘

. coverage, such patiénts will nq longer-find it necessary to submit to what

some refer to as "fumble finger medicine" in order to be eligible to receive
any medical care at all. Although such care might pos$ibly be considered
appropriate by some for one's mother-in-law, business' competitors, etc., in
general,’ everyone, paying or not, prefers for students to "look-but-not-touch.*

. & IS | ‘ .
Compoending the problem of a diminishing supply. of captive patients for
teaching is the growing public demand for gheater competence on the part of
.doctors. The soaring rates for malpractice insurante reflect well the fact
that yesterday's methods are not considered adequate by today's patients.(7)
In the past, unfortunate medical outcomes were often considered to be "acts
of God." Nowadays, however, they are more 1ikely to be attributed to human
incompetence. The disgruntled patient now seems. more incliped to consult a
. lawyer than g minister. Approximately one doctor out of eight is currently .
being sued fqr malpractice.(8) One wonders whether Hipprocrates would be. v

.

allowed to continue in practice these days.* -

. Regardless of whether or not one prefers to believe that the @aiﬁFabtice
situation is merely a:reflection of an oxersupply of attorneysb-ghé fact .,
remains that most medical specialty sogﬁetiegggnd an increasing fumber of ‘<
states are requdring that doctors more[ diligently pursue their ayowed quest

*  for greater cofipetence by formal enroliment for continuing educatTaep. - As ;
a result, the burden of providing the néeessdry training falls upon the .+’
shoulders of the same tratwing institutions that are already fipding it -

I increasingly 'difficult to secure enough patients with the "right" diseases ' . -,
to provide the spectqum of training experiences now bétng demanded by prac-
ticing physicians and considered éssential for students. It iS thus becoming

more attractive to utilize simulated pagients.

!
.

/ Furthermore, some of the most poigiant. lessons of -1ife are learned as

a direct result of one's errors. (Pounding nails, for example,’can be mo?t
instructive. ) 5However,'in medical training one cannot tolerate errors - - 4/
WY . .

. -, -l -

’ . -

P ",:. i Y N LA
*Rubsamen (see reference #7) suggests that the more able physician attracts
more than his share of seriously i11-patients, ofteh with,unrefistic gabec-

tations, artd consequently is exposed to greater malpractice risk than are
his less comfjetent colleagues. N )
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- *at keast not wiihAréal patients. Simulated patients.are amazin§ly resilie::
imhfhi§~regard and can offer the added dimension of learning by trial-and- _ -

. grror. For example, a physician might be hesitant to utilize a personally - |
untried (but perhaps appealing) therapeutic' regimen on a real patient. - How- |
ever, it can be safely emplcyed on a simulated patient. . If, as & result,.

 the, "patient" dies.or suffers somg other unfortunate outcome, the physician

s ustially has no difficulty remembering this situation later on when similar

//"‘ B circumstances are encountered with a real patient. If it does work well,
. however, "this bit-of expertise can replace™or modify other tess effectives
" techniques.™ - . ) )

< © In gddition, the nature of simulation feedback is more conducive to
. «efficient Tearming. With real patients it i5 quite commdn to receive little
or no direct feédback at all. McGuire has suggested thdt, "In real life it
is often the case that only equivocal results are indifectly provided after
Tong delay."(9) Simulated patients, on the other hand, can provide the prompt,
specific, unambigious informatien necessary for efficient learding:

' " Also, simulated patients are an amazingly /érdy and congenial bunch. :
They have been repeatedly mistreated by all manner of students. They have
been allowed to develop unnecessary complications, to die, to commit suicide,
etc., and yet, never has one simulated patient ever sued anybdbdy for anything.*
In these days of increfsingawards for malpractice judgments, this aspect .
may well become of more than trivial importance: -
- Finally, it should be noted that simulated patients cannot completely
assume the place of real patients for all training purposes and vice versa. .
The experiences provided are.not the same. However, by using Simulated’ : )
. patients wherever ‘and whenever possible and appropriate, we can perhaps
"Utilize more judiciously those patients.who do graciously consent to serve
our training needs. ) Y

* -, SIMULATION AND LEARNING. EFFICIENCY

Once. agreement is reached that simulated patients should be utilized
insofar as possible, the next question concerns how one should go about
this. Certainly not allJsimulations are created educatignally equal. What -y
is it thatis importapt and what isa't? The following discussion indicates

‘where we .are in our thinking ip’this}regard at this ‘time. ' Sl
B Toward a Theory of Learning
/ . ’ .
- ‘/f ™ Simulations constitute one of the ‘techniques for promoting learning. R
' Hence it seemed appropriate t6 review what has been discovered about how = ~ -
- _peopte Tearn. This proved to be somewhat unsatisfying. Somehow most of the

‘studies reported in the literature seemed’ to b§ concerned-with what was going /,
on around the learners (conditions.of_learning, "opeh vs. closed" classroom
‘arrangements, funiversities-without-walls," etc, ) or With highly-speicifc, T
. .;/, ) . - Lk

B P i ) .. . .

*The mishandiing of -one particular simulated patient does finally result in

reteipt of /a letter from the "patient’s™ ldwyer advising that a malpractice .
suit ha§,b?%n filed. Simulations Should be realistic, of course. .

Y . . j ' | h_f}_“ . ) N .
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“difficult-to-genor .iiZe learning of the stimulus-response variety (SR, SOR,

! etc.) or with "gictal" notions about Tearning methods supported~by test .

results pf an equkfpca1 nature (Gestalt theory, '"Renaissance man” <«consider- ',
M {

. .ationsietc.).* ' ,

. As Gagné and Gephart concluded at the close qf an natioﬁélnsyﬁposium
on i2arning research: )

' . Perhaps the most general imgréssion to be obtained frem this stim-
ulating conference is’to the effect that there is an 'exciting, complex,
and rather long-road to traverse in proceeding fromRtﬁe learning. ’
) ., of the 1abQP5ﬁg;r 0 the"learning of the classroom. Another suggés-
2 ) tion.to be gleaned from these interchanges is the need for alterations
' in ways of-approachipg the problem of learning, not only in the

- 1$Poratory,-but also in ‘the classroom, if progress toward the-goal
of educational improvement is to be made.(10) (our emphasis)

< - ‘As near as we could tell, most anything would work somewhg:e, sometime,
under some circumstances, with some learners and.some teachers; but dependable
_ _generalizations were few and far between, much 1like the current placebo - |
. research in medicine. In a sense, things haven't changed all that much since
shortly after the turn of the century when John Dewey recopmended "learning
. by experiencing."(11) _

Learning and Efficie@gy \ K ~ »
L In an effort to acquire‘a better understanding of the connection between
y learning and "reality," we decided to make a fresh start. ‘Following Einstein's

example we chose a simpTe*hyﬁotﬁesis and looked for evidence$ of invariance.
Qur beginning conjecture was ‘this: Learning results in “"structural” .changes
to the brain. We then looked for "hard™ evidence which would support, refute,
and modify our initial premise. :

»

It was eventually noticed that energy-efficiency seems to offer one ‘of
the most common <invariances human'beings experignce.(12) Life abounds with
examples of the effects of'effjiciency differences between species. The red

. bread mould, for example, is able to accomplish very little compared to other
forms of 1ife because it cannot efficiently utilize foed sources; .it must
R produce its replacement protein from scratch instead of from the amino aci
- building blocks that can be more efficiently utilized by carnivores.(13) !
Similarly, when adequate amounts of some essential substance, say histadine,
are provided-by diet for two strains of bacteria, one of which differs only'
in that its members cannoj produce their own histadine, within fifty generations
. or less the ones which must obtain this ingredient from-ditary sources will
eventually replace their less efficient kin who are‘obliged to produce their
own from scratch. K ' s ' '

v/
o &

‘

*Unfortunately, most c]assroqm“1garnfng'?esearch reports which terminate with

such statements as "Thus, greup A learned more thangroup B"'sedm to fit
this category. ( L e ’

.
’ ~ ‘
i K\ . . ¢ .
T . -
.
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.
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Zencnhoff and -Eichhorn have conducted a number of key studies in this -
regard.(14) In a typical experimert, back-mutants of bacteria from the same
parental stock (Bacillus subtilis) were used to produce two different strains.
Members -of one strain produced their own histadine from scratch (His+), whereas
the members of the other strain (his-) could not do so and had %o-obtain this
from their diet. The two strains were*subsedquently allowed to compete in an
environment that contained 0.32 millimolar L-histadine in addition to the usual
nutrients. - As shown, in Figure 1, within thirty-six generations less than one
bacterium in ten thousand could produge its own histad?ﬁét\~\'4ilar]y, with
indole producers versus non-producers, the less efficient soon ﬁsappear.

’ ~ ’ ~

. Also, note that within twelve generations, the try tophan non-producers
(try-) completely disappeared in competition with anthranilate non-producers
(anth-) when the environment contained the usual nutrients,plus 0.25 milli-
molar L-tryptophan.. Shis demonstrates that_even for strains that require A
the same essential nutrjent, the ones which manufacture fewer intermediates
(and are thus mOye efficient) enjoy a strqgg selective advantage.

These are hardly surprising results. The more ehergy that is spent on
organism-maintenapce functions, the less that remains for more outgoing
activities. Language has provided human$ with a superb tool for sharing
efficiency insights. across time and distance, thereby enabling man to become
the most efficient specie on earth. ' !

-

When one observes Tife in this way it possible to disgern a fundamental -
Chayactsristic of learning, namely, that it(iz the purp:;efu] means of improv-
g efficiency. Accordingly, the principal\roie of lea ning is that of_

educing "local" entrdpy, or equivalently, of maximizing applied information.*
It follows, then, that the most efficient learning process is the one in which
the Tearner is able %o assimilate the requisite learning with consumption

'of the minimum possible amount of time-energy. Furthermore’, b cause *learning
is a natural process in whiah almost all earthly creatures ;are éngaged almost
all the time, it is reasonable to expect that the key mechanisms of Tearning
are widely shared by a1l species of 1ifé. Furthermore, any mechanism that
'is so common must be relatively simple or it could not be widely dispersed
among species of varying degrees'of complexity. Even one-cell "animals"
" can be "taught."(16) ‘ o

v

Some Key Concepts on LearningMechanisms
T ’ I -
Research results from many different disciplinary areas have contributed
key pieces to the solution of the overall puzzle we must solve* if we are
to design educational experienqeswhich‘duarantee that more efficient learning
will occur.? Important parts are §till missing:” .the physjcal mechanisms of
control procesSes, of "thinking," of memory deposition; of recall, and the
mithematical basis of learning, to mention but a few. Unfortunately, we do
not have sufficient time to review the many concepts which form the basig
mosaiec of the theory. as it has developed thus far. However, what has been
discovered so far does provide solid guidance. Table-1 lists some of the key
concepts which have guided our thinking. The order in which they appear does

not ref]ectaizzpﬁing‘of particular significance. ' * ' p
“Informatioh” is mathematically equal and opposite to “ertropy."(15) .
W 6= P

.. '. e
v W * - .
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of the bacteria Bacillus ‘subtilis. -See”fextwfcr details.

. (Based on S. Zamenhof and H. H. EichhoFn, "Study of Micro-
-.E1a1 Evolutien through Loss of Biosynthetic Functions:
stablishment of’ Befect1ve Mutants," Nature 216:456-8
1967.)
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TABLE 1

4

1.

SOME KEY CONCEPTS ON LEARNING MECHANISMS : '

Behav1orally verified learning results ™ the synthe31s of .

protein.-(17) . v
1Y

3)}/1earning.involves small situation-specific clusters of cells

3.

strategically dispersed throughout the brain.(18, 25, 3u4)

Protein synthesis requires about one second on the average, ,
whereas thinking occurs within milliseconds.(19) "Ledrning" .

" _is a much slower process than is "thinking." -

olt,

5.

6.

8.

9.

10..°

11..

12,

13.

Electrical stimilation of certain areas of the exposed human
brain results in involuntary, jerky movement or sounds which
evidently bypass the cerebellum.820) Also, the recall of
"lost" memories, the sensation ®f a fam}llar smell, etc., can
.be evoked electrically. .
N i
The éverage brain cell has thous of interesnnections with

oREer cells.(21) 4 A N .

The vast majority of interconnections are-inhibitory.(22, 23)

s Brain has veTativel:
The‘nedﬁéfe~’<bralnﬁhég/re‘atlvely few interconnections between
cells, ev1dence/of' uman plastlclty Intercpnnections quickly
accrue, however (2w) . \
'“esplte exhaustive searching, no specific mempry storage
locations have 'been found.(25)

v .

Destructlon of parts of thé thpocampus interferes wath long-term
memory (either deposrflon or recall or the 1ncent1ve to remember)
5\6) © / R - *
Earthly life forms thus far invesdtigated contain a great many
structural and functionally similar microscopic entitie. The
similarities of terrestial forms of life are much more striking
than are the differences.(27) ) . S

N B
«

For any relatively autonomous system'whatever, the "sphere"

(p01nt, circle, sphere, hypersphere) appears td be the preferred ’

"shape,” a .configuration of minimum "surface," minimum energy
and probably max#mum efficiency.(28)
Wiener has shown that "information" is mathematically equivalent
to the/negative of entropy.(15) | 1
"Information" is measured according to the amount of uncertainty
that is removed.(29) In general, for any given message,the
amount of information contained (or the amount of uncertainty




* TABLE 1 (cont'd

. removed) varies drom one indivi.u:: to tne next.(30) Except

for trivial cases, it 1is currently impossible to measure the
exact’ information content contained in any message. In learning

! situations it always depends on the learner. . '

. s *
’ - - ! ’
’ 4 A . . . -

4. "Channel‘capacity " is defined as the maximum rate at which the
exact input message ('source information™) can be reteived

“the transmission medlum and the learner and thus must obey the

[3 '

-~

text for discussion.)
15. Exceeding the capacity af a communlﬁatlon channél always results
"in "distortidh" (or. "mislearning," /ih learnlng channels)
1 Dbecapse part of the source information is not received. (32)
. Whay will be omltted can very seldom be predicted. (See text.)

16. Ip" all educational endeavors, se{;-paclng should be the rule,

Dot the exception; otherwise tie pice must be slow enough to
accomodate slow learners. It is 1mp0351ble for any learner to
exceed his own channel capacity.

.

— —L7- Within the fipst ten milliseconds or so, incoming information

+—{__without error.(31) A typical learning situation can be considered
\\\?ﬁ?iL 'communication channel" consisting of the source information,

. '/ same phySlcal laws which govern all communication channels." (See

that is "unwgnted" or "uninteresting" is automatically attenuated

(33, 34) The brahn physically intercedes befbre Wwe have time
/‘ to "think" ghout/it. o

! 18.  Forty or fjfty repetitions of unwanted or uninteresting infor-
" mation regults in learning anyway (at least, it does in the
// absence of active rejection by the learner). (34)

19. Learni

. g involves "action" on the part of the learner, at Least
Y " in

e sense .of synthesizing proteln and avoiding the rejection h

y attenuation of the proffered information. Thus for efficient
S '////////Tzarnlng, learner motivation is of compelling 1mportance In
S e - - general, the learning task must be perceived as personally worth-
o while if efficient learning is to occur. : L

t 20. The Heisenberg Uncertainty Principle denies the possibility of
the "exact" measurement of anything.(35) Measurement changes
the object being measured, at least to some *small extent. TRis

(In other words,
greater the un

the smaller the entity to be measured, the
rtainty.)

An incredibly small amount of energy (one photon!) can affect
the "o outpuy™ of a receptive[mind £36) The fact that an almost
immeasurgbly small amount of input energy can affect the outcome
processes has profound implications. for all learning -

there is a space-¥ime mlnlmum relative size that can be measured.

endeaydrs and mental measuréments (53) (See text for discussion.
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22.

23.

24

25.

26.

I

27.

28.

29.

30.

o

) ’

1

Lvidence sug 2ots that human" begin w1th, and Qgerate from, Lt
a.'"'model of the world.' (37, 38, 39) If this is 80, they any
information that is 1nternallzed Wlll modify or Pclnforce the
model. Thus We tend to accept or re]ect 1nformatlon according
as it can or cannot be assimilated into the model. Furthermore,
gaps in one's knowledge and other drecrepan01es cannot be dis-
cerned by ‘introspection alone. It is necessary, to have outside
. help. . - : , '

-

A d

. . . ~

Visual input information processihg capacity far exdeeds all ~
other types of sensory imput capacities for humans.(40) (Sée °
Figure 2.) The percentages will vary somewhat depending on

the method used to estimate the number of cells involved with
different types of input infdrmation; however, there is reasonably
good agreement with respeect to the order and reI’tlve 1mportance.

. Man's maximum information output capa01tf as a channel is sur-
prisingly limited, averaging somgwhere in the neighborhood of
15 ‘bits per second (41, 42) (See Figure 3.) . ) .

Ther€.is evidénce that man can handle simultaneously about séﬁéi-'
oq so, ""chunks" of information. (42) If an average chunk of
1nformatlon is wofth about 15 bits pger second, this would imply
that man's information handilng capacity would total around

105 (-30).bits per second, A v

McLuhan may be rlght in suggestlng “that the medlum is the message.
(43) ‘At the very least, it 1s an 1ntegral part of the Communication
channel. (See text. ) . ‘ -
Matching the message and the medium to man's sensory input
characteristics allows us to take advantage of man's natural
information processing abllltles, a much more efficient process.
The average English. language message (conversations) contains '
between one and two infgrmation bits: per charactepr.(uy)

. o

! . 4 -

At present, we can personadly produce only a very limited amount
of information.(say, 15 bits per second on the average). (45) o
Thus personally constructing an efficient 1earn1ng experlence 1s,
in general, an exccedingly tedlous process. - -

4 "

The most efficient way to transmit redundant information is not
tof send any message at all.(46) S .
‘ 2 /
Dynamic information dominates attention - a scream, a clap of
~ thunder anythlng mov1ng within the field of vision, for instance.
W(47) » As the magician will tell you, the eyes look where they
re commanded. Accordlng to John Ross;and his associates, humsn
glnocular v1s1¢n involves a minimum of ahout 2000 point-pairs .
per second. (u48) Oynamlc, binocularly-received visual stimuli
~ thus automatically. carry a very high 1nformatlon content that is-

readily ,degcodable. by the braln - a most efflclent process.

- i -
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Hyden and Lange have conducted a number of enlightening studies con-
cerning the relationship between learning and protein synthesis (concept #1

of Table 1). In one experiment, forxexample, "right-handed" rats were trained .

to use their left front forepaw to feed themselves. At the end of twelve
25-minute training periods, the rats were satrificed ary e]ect?ophoretic
analysis of the hippocampus,revealed the typical curves Shown in Figure 4.
The cross-hatched area labelled "s100" indicates the fey Structural. compo-

" . ‘rent, Both trainees and controls have‘virtua]]y identical curves except

statistical standpoint, the probability of. this differénce occuring by

chance alone is very small” (less than one in"a thousand).
s . . . . .

This deposition process may explain Linseman and 01ds’ finding§ that

‘repetition resylts in learning of even "unwanted" information.(3§) As

from severe epileptic seizures were removed. In removing. the tumor,” the
surgeon also damaged the hippocampué{ After the operation the patient seemed
perfectly normal. 7o the casual observer he appeared intetligent and well-
behaved. It sgon became apparent, however, that he could no - longer learn.

‘ Whileﬁhe did well on tests of short-term memory, <his lgng-term memory was
fcompletely blocked. He could still recall things that had occurred up to the

time of his operation (1953) byt virtually nothing thereafte;f For example,
his family moved out of the neighborhood shortly after the operation and he
was unable to learn how, to reach hig new abode. In’ fact, when tested, he
led investigators to his old home. :

- a number of informative studies by Barondes, Agranoff, and‘others have shown
that long-term Tearning_‘does not occur when cerebral protein synthesis (or

RNA synthgsis) is blocked* (49) Citing these Studies, Eccles concludes that
"in the process of ,learning, neurona] activation leads first to specific -
RNA synthesis and this in turn to Protein synthesis and so finally teo

Synaptic growth and the, coding of the memory. "(50) 3
» It should be. remembered, however, that matureneurons jneither féE;;:;;e

nor rep]acg themselves. The major (primcipaT]y excjtatOryy neuronal network

of the brain appears to be genetically determined in great detail ‘and is
completed quite early in life.(50) » However, the neonate's brain containg
relatively few interconnections betwgenhcglls. (See Figure 5.) The left

Side of Figure 5 shows a tracing of the braip of a three-month-g1dg child.
Twenty—ong months later, a similar tracing was made of the same area. Note
thgt the 1nterconnections between cells” have increased dramatica]]y.

~ . . ‘ : et ' j"
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Figure 4. E]ectmphorehc analysis reveals the typical difference LT
in hippocampal proteins between trained and untrained
rats. See text. (Based on Hydén and Lange "S100
Brain Protein: Correlation with Behavior," Proc Natl
Acad Sci- 67(4):1959-66.) . .
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. *The major neuronal network and the bulk of the interconnections beComé'firm]y

. 3

s

. | o .

Furthetore, most of the interconnections between brain cells are
inhibitory. (21, 50), That is, these interconnections for the most mart tend
to prevent cells from, firing, rather than vice versa. Finally, it should
be noted that the average brain cell has thousands of interconnections with
other'cells. | .

Another‘importané finding is that no specific "memory ]ocatkonsP have
been found despite a great deal of ihvestigation. Karl Lashley tonducted

\a most exhaustive study in this regard. He trdined rats to prgceed through

. .

a maze for food and then.destroyed one ayea_of'the brain after aﬂother.
Anything that left.the animal alive left-memory intact.(25) ‘o :
o Dt
Eccles notes that "these inhibitory pathways are now -known [}o] parti- :
cipate very effectively. in neuronal integration, molding and modifying the
patterns of neuronal responses," and further suggests that inhibition “"chisels

, away at the diffuse and rather amorphous mass of excitatory action and gives

a more specific form to,the neuronal performance at every stage of synaptic
relay."(51) It would come as no surprise, then, for an interstelldr visitor

to observe that as humans, become older they become less flexible, instead

of mgre so, more inhibited, .instead of less so, and more prejudiced. For.

the young, black is very black and white is very white, There are ,

too few cross-connections to enable the young td avail themselves of the shades
of gray involved. Young peqp]é\are "physictally” precluded from doing

this. ' .

Y .
. f . \J
¢ .
»

Since these interconnections become a,perménent part of us and ‘shape
the way we think, the most important challenge parents and educators face

. is that of providing a proper mix of “instructional experiences thdt will

enable learners to avoid acquiring ? dysfunctional pattern of interconnections
in the first place. It is especially important to avoid a pattern that inhibits
further learning. : ) .

It is diffrcult for mahy of us to accept the notion that' as youngsters
‘we almost always acquire a functionally deficient, "inaccurate" structural
pattern of heréditarily-prescribed connections and environmentally-induced
interconnections. It is impossible to discern basic model-of-the-world
deficiencies from within and when this psychologi¢ally important, unavoidable
ignorance is coupled with feglings of self-satisfaction, correction becomes
impossible. This, of course, is a most difficult part of the problem. -

»

> . . ‘ .

However, in light of recent research findings, all is not lost: Under
appropriate conditions an incredibly innocuous information inbut can trigger
the human brain.(36) (See Table 1, #21.) But even with remarkable insight
and strong motivation, changing one's "way of thinking" is fraught with S
difficulties for it involves a "corrective" discgnnection and re-patterning
of interconnections (while at the same.time maintaining a workable inner
model) all subject to unkhoyn hereditary constraints and tempoya] considéer-

ations.* i ) < e . -

‘
1

established early in life. It is'no accident that an adult's. measured mental
- functioning seldom changes appreciably. '

‘ -T6-
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Earlier we discussedsenc;gy-efficiency and mentioned that "information" ’

and "entropy" havé been found tu.be opposite in a mathematically exact manner. (15)
Entropy has been recognized since the time of Boltzmann's statistical phys1cs .
studies in the 1890's as related to the number of alternatives which remain
possible for a physical system after all the macrbscop1ca11y observable infor-
mation concerning it has been recorded:(52) It thus follows that information
" is measured according to the amount of uncertainty that is'removed. For |
" example, suppose we flip an honest coin. Once the outcome (heads or tails) '
becomes known, then the "'ncerta1ntyﬂhas been removed. This is defined ‘as
one "information bit" (Log,?2 If there are four equal possibilities. .

(Log,4 =2) then the outcomg represents two bits. 'One, out of eight equal poss1-
b111%1es implies three bits (L0928 =3). And 50 on.

One way of arrang1ng the 1etters of the Eng]ish alphabet is to use a o
binary coding such as the one shown in Figure+6. Here the average letter is
‘worth 4.7 bits.- In this scheme, for example, if_the, letter J occurs, five,
bits of uncertainty have been removed.. Letter H would be worth 4 bits and
so forth. Similarly with the weather map shown. A tiny part of one scan
of one Tine of the T.V. agreen would be wodrth 15 bits for the first code o
illustrated, 1Z for the second method of coding. For any picture, the dnfor-
mation content can be estimated by summing all the parts ?f the scanning process.
S1nce man's 1nformat1on ipput capacities/have been measured ,(40) infor-
mation channel capac1t1es can B@r quite analdgously représented by the different
size funnels depicted in F1gure 7. If thé scale were accurate, the "visual" ’ ,
funnel would really be about 380 times larger than the "hearing" funnel and y
about six times as large as ghe "other" funnel (the remaining seénses). From ’
a somewhat different aspect, ,Similar measurements make it clear that our brains - ,
can automatically process a great deal of visual information.(48) Shannon ‘
and Weaver begin their celebrated treatise "THe Mathematical Theory of
Communicaticen” W1th the following passage

v

=

The word communication w111 be, used here in a very broad sense
! te include all of the prOcedures by which one mind may affect another. (52)
(Author emphas1s ) . .

‘ P
‘A typical 1earn1ng s1tuation can. thus be considered as a communication channel
(gr, we might say, a "learning channel") consisting of the information source,
the transmission medium, and the learner (see Figure 8). Any such channel
must obey exact1y the same physical laws :that govern all other communication -
channe]s This is a point not generally recognized by educators - or at least,
it'is not well heeded. Mcluhan is correct to emphasize that the medium is
most important.(43) Unfortunate]y, however, as Figure 9 suggests{ most teaching
is aimed at on]y 0.3% of man's sensory information input capac1ty p

‘The notion of "channel capacity" is of e&ceed1ng Tmportance to a]]

educators even though this is not generally recogn1zed by the educational °
cgmunity. .Channel capac1ty is defined as the maximum rate at which the .
exact input message (or "source information") can be received without error.(31)
: Furthermore, exceeding the capac1ty of a ‘channel always results in "distortion"
(or, in a learning channel, "mislearning™) because part of the intended
information cannot be rece1vedt(32) {See Figure 10.) What will be,9m1tted
can very seldom be ’predicted. ’

- 9 ’

» L]
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K In addition, if the- learner-has shut offiL}S'F//eiver (if he is thiggﬁ%g .
' about something else, for irnstance, or has gone to/Sleep, or whatever) t
- information will not-get through (See F1§gre 1Y) As a consequenCe of the
" completely unpredictable nature of the varfabi}fty of an individual's channel
- capacity, learner self-pacing should be the pdle .for all educational endeavors; ~
otherwise the pace must be sldw enough and répetitive enough to accomodate the@
slower 1eanners No 1earn/} can exceed his own channel capac1ty Unfortunately,
a pace that is too e]pw interferes with learner motivation and learning eff1c3ency
»/ ad
Exceed1ng the channel capac1t1es of learners is a more insidious oblem
than one might think ‘because of the convincing evidence that every ind1vidJat
- begins with and operates from—iS own model of the world, not directly from
©TT—the—reat world per se. (37, 38, 39) For example, in Figure 12 (the Miiller-
Lyer illusion) ‘the Vertical bars*dre the same length, but most people quickly
reject this possibility because it contrad1cts their pé€rsonal model of the
R world, : L R ——
A Each of us tendsto accept or reJect information accord1ng to whether it
can, or cannot, be as®imilated into the” flodel. Further, attenuation (or
reJect10n) of unwanted, uninteresting information occurs by automatic
«"physical” intervention befoye we'have time to "th1nk\g§2ut it."(33, 34)
(See*Tab]e 1, #17.) For these and other reasons, gaps in one's. knowledge
. < cannot be d1scerned by introspection alone. °
- -

Three things seem part1cu1ar1y important to keep in mind:
1. Because each modal reflects a relatively permanent inter-connective
brain cell pattern that enables us to prompt]y re3ect»1ncompat1b]e
‘ information automatically, as suggested earlier, it is of primary :
* importdnce that we help learners to avoid acgudrmg a dysfunctlonal -
model™ in tHe first place.

o

. 2. Distortions caused by exceeding the learner's (or the med1um s) 4
. channel. capac1ty are almost 1mposs1b1e for learners to detectas1ncg ,
“incomplete, 1ncompat1b]e information is automat1ca11y rejected or ‘
made to fit one's own model of the wor]d , .
w . ‘ .
‘ 3. Becauseseach model becpmes. an 1ntegra1 "physnca]" part of the indivi-
; dual, no one can detect his own shortcomings in’this regard. He must

have outside help and even then ‘it may be impossible (or nearly so)
to effect,meaningful alterations. For this reason, Einstein was com-
v pletely unable to convince most of_his contemporar1es of the veracity
- of the theory'of general relativity. (65) Except for the very few who
: . had acquired an open, questionning model of the world, his ideas
had arrived too'late, did not-fit their established preconceptions and,
of physical necessity}’ s\mp]y had to be'rejected. This is a common
eXperience} _ . :

o~
s M . 4 £y

. Finally, there are two reldted findings of fundamenta] importance. One
goneerns the He1senberg Uncerta1ﬂtx Principle.(35y For a long time it was accepted

-
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that, in priﬁciplq at Jeast, we could aluays refine our measurement. process to .
determine within arbitrarily close limits the "true" dimensions of any physical
entity being measured. However, Heisenberg proved that even in principle this
is not the case. There is a very definite limit to the smallest entity that)
can be measyred. Thiy we—cannot determine both the velocity and-the- \
Jocatier gn "electror" with certainty nor will we ever be able t6 determine
e -~ anything of an exact nature about that entity. -
This gakes on new meaning because of the research findings of.Sakitt.(36)
She has_be&en ‘able to furnish convincing evidence that an incredibly. small |
-, . amount of energy can affect the output of & receptive mind. As’a:result of s
v this and the Heisenberg Uncertainty Principle, it seems obvious that (in. -
BRI contradistinction to the -abundance of learning cause-and-effect data) the
"cause" of any learning outcome is impossiﬁfg to determine with certainty and
thus behavioral research outcomes of mental functions, no matter. how.carefull;
executed, will always be subject to widely varying .interpretation. -As wi
the case of the 1ink between cigarette smoking and lung cancer, onl
whelming preponderance  of statistical "evidence" is Jikely,to p

, by his own personal -1
" \ or anybody. THf2 reason
.that this is so stems from the ‘fact that man's maxifium personal information ,
J.output is so limited.(41) °‘This.is also why purdctions, our facial, expressions.
our gestures speak Touder than our words - these usua11¥4carry far more infor-

¢ mation. About the best we can do is to seafch for learner's triggering mechanisms,

those-key queries which help-learners tg‘discove?pjmﬁﬁttant deficiencies -in

their own model of the world and therepy to develop  the motivation and the &
determination necessary for'the arduoustask of modifying established habits
of mental functioning. . ! ’ o

By 'the way, it is worth noting that no individual ca
. effarts, expect to have much lasting effect on anythj

- I _/

Even when one is aware of ;personal.limitations, it's still not easy to
accomplish much."  The .typicd} lecture is illustrative: Seldom does even t e

* 2. most.enlightened instructor have the time~and other resources necessary f
wise selection of source .information and media. Movies and television,,
the other hand, usually prdvide the combined information outpyt of hun
(sometimes thousands) of individuats and thus can furnish good example
heffec§{ve solutions. An hour of videodisc, for\examp1e, can pemoveé as many

"~ ,as, 107" bits of uncertainty in providing an hour of televisi n.viewing.*

. . . . : - ‘
From the above considerations and the key concepts 1¥sted in Table. 1, it

is possible to specify a succinct list of what is neces ry for the optimal .
"packaging” of information for efficient utilization by’ learners. {See T b+e“/
2.) - ‘ ' ’

/

« N

A
v

Construction Concepts

g

From these guidelines, our reasoning progregses a1bng tﬁéifollowihg‘path.

*For most of us they don't, however. Mo presentations are highly redun-
dant and thus carry very little in If the source informationpas
imaginatively selected for viewefr needs, ingtead of sponsor needs, we'd all -4
be better off. ' - '
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REQULBEMENTS FOR OPTIMAL INFORMATION PACKAGING

1. /MA%CHING THE SOURCE INFORMATION AND THE TRANS
“TO THE LEARNER'S INFORMATION PROCESSING CH
*  OTHER PERSONAL NEEDS.,

2. A SELF~ PACING, INTERACTIV

ADEQUATE/LEARNER MOT IVA

CTERISTICS AND
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jﬁf If one stops to think aboyt it, everyday life provides the mix of sensory
- information that best matches human sensory ut characteristics. Unfor-
tunately the message content is often of a misleading, random natlre with key
%elements scattered over time and hetween other events. However, if one were
to Jcollect" all the necessary “scenes," place them in logical order, require
decisions to be madesby the learner at the appropriate places and times, and
provide prompt, specific, unambiguous feedback, it would be a very powerful
.learning tool indeed. fﬁ other word$, were we to pick a suitable learning
b . sjtuatiom simulate 7t as realistically-as possible (except with respect to
the@ctual time required and unnecessary distractions) and provide appropriate -
feedback, we would have developed a means of packaging the information for
very efficient learning.., ‘ T - , .

) For example, it is very difficult to ﬁ&ugylnuch from managing patients
5 with long-term; chronic disease:” Patients move about; they change doctors or
discontipue.seéing any physician at all; théy fail to heed medical advice or
.'to follow jnstructions with sufficient care; they see doctors .émly wher hey .~
consider it to be really necessary (perhaps after it has beceme terminal); etc.
FurthermOré,.q.physician may well forget what exactly.it was that was recommended
or-prescribed in years past for a particular patient, and even with perfect
Jrecall, it may still not be possale‘to determing whether or not the patient .
actually followed the instructions. Under such circumstances, if is most v
) djfficu]t for any physician to determine the true merit of a particu}ar thera-
< Peutic strategy. : < ' ‘

.0

Y

8
- N -

~ . ) Y . i
s Hoflever, it is possible to construct a simulation in accord with the fore- - -

going <oncepts so that a Metime ,of\dealing with a chronic patieqnt.can be
o compressed into g hdg1f hour or so. At each successive stage of.manading such

a 'simulated patient/, the physician i$ provided with informatidon con€erning the

ts of previouws interventions (as well as other intermediating cirgumstances,
and condiey so that a basis for subsequent,management. decisions is-developed.
The simulation éVentually reaches a conclusion baséd on-the physician's own .
pattern of decisions. THis interactive, "decision-action-résults" structure - .
‘typically stimulates a high degree of personal involvement, brings important ’
issues into sharper focus and fosters a receptive. mental climate. A summary > "
analysis,can then be more readily assimilated, more fully understood, -and more
completely internalized for subsequent utilization with real patients.

e

This is the essence of the approach followed in developiné??$mu1atéq ’
patient encounters for, physicians' self-assessment and for the training of
résidents and medical students. In one simulation, for instance, if the '
physician elects to pérforh a rectal examination, he is ref rred to a model
which represents the appropriate pathdlogy realistically. Fer another the
: ~physician must exaqfne the "fundus" of a model. )
r c . . ,
. . The format guarantees learner interaction and allows self-pacing auto-’
.. . matically. For the patients simulated by the PLATO* computetr, for instance,
¥ Apﬁthing happens until the learner "touches" the screen of the terminal \ndicating .
o the action (or actions) decided upon. Use of the computer allows for great N )
#°  flexibility. In on® simulation, for example, the physician must take proper
) actign within about 120 seconds (real time) or the patient dies. Other .

L4

\

/ ' .
« « *PLATO - Programmed Logic - Automatig, Teaching Operation(54)
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subtleties are included. The mefhods we utilized have been completely des-
Cribed in a recent publication by the Aserfcan Medical Association.(55) -

»
1

As’ shéwn in Table 3, these simulations were. tested at a number. of national
and regional medical mgetings. Of an éstimated 3000 physicians apd health
professionals, 846 were asked for their reactions. “Better than nijnety
percent of the”participants found the simulations interesting, instructive,

- challenging, useful and thought that they "rang true." ~Table 4 indicates
the results. o, : : : ’ '

" ON THE CHANGING OF THE GUARD
If we _consider whether scheols in general provide learning experiences
which satisfy the requirements shown in Table 2, it seems obvious that.most
¢ do not. - Insofar as the type of learning’with which schools are ostensibly.
concerned (the "three r's," etc.), the average school year‘Coz1d‘probabe .
-~ be-replaced by a few shart.intensive, efficient workshops. Howevegs, because
- learning is a continuous process, a lot of unintentiongd, unstructured
learning is always going-on in the classroom. ‘As McLuhan's analysis so .

. accurately-suggests, the prjncipal information input ha$ to.do with the c]ass-";
L room itse¥f and with the institution of education per se.(56) Students
s learn hgw to "do" education.* e ! \ .

Instead of employing authogity figures to "tell it like it is," it seems
to me that we need to hire capable, enthusiastic learners who can help
students Tearn how to direct and focus and evalyate their own learning and
to raise’ questions aboyt why "it.is like it is." But the 01d Guard authority
figure is such a univeral, culturally-ingrained part of our existence, it
seems almost impossible to change.(57) Parents and teathers tend to feel

. uncomfortable when too many questions are raised - especially questions that -
lead to more questions. Furthermore, Postman and Weingartner argue that even
» those teachers with insight.and.incentive are unable to be effective be-- - -

©  cause of the highly constrictive educational, climate which resutts from™'’

“enforcing course requirements "rather than helping the learner to learn."(58)

-

"However, schools do serve very necessary societal needs. -They excel at =
" repetition and so are ideal for insti1ling cultural values and customs:that
might otherwise be rejected. ' This is an important functiord, of course.
Lea ivation for ‘subject matter instruction is probably impossibke to
secure anyway, at least under typical circumstances. Furthermore, it's no
doubt preferable to havé youngsters safely in.school rather than:underfoot
- at home or out in the streets getting into trouble. And it's usually cheaper”
*+ than hiring a babysitter. > : N

L4

- " For institutions that provide professional training, the situation is.
only somewhat different. As mentioned earlier, professional schools are in
many ways very much 1ike the schools that educate our kindergarten and early
elementary students. Like kindergarteners, professional students are far the

1}

t McLuhan invites us "to see that the ‘most-impor-

', *Postman and Weingartner note tha

tant impressions made’ on a human nervous system come from the character and
‘structure of the environment within which the nervous system functions."(66)
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. Demonstrations of Test Simulations . ;
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1. Second AMA Physicigﬁ\gélf-Assessment Workshop, Chicago (May 31

i . and June 1, 1973). N . .
2.7 ‘AMA Annual Comvention, gg;—York (Jine 23 - 27, 1873).

A N\\E;/ Association of Amerigan Medica¥ Colleges,_Wéshington, D.C.

x " (Novembe?™N+; %?73);,, . AL ! o .

‘h. Americain Board of Medical Specialties' First igvf%ational
Conference .on Recertification,  Houston, (March 1y -~ 2, 1974).

3\\5. AMA- Annual Conventionp, Chicage (June 22 - 27, 5;7¢T;>\\\ ‘

6.. Fourth National'Confeérence on Continuing Medical Educatiga\for
State Medical Associations and Specialty Societies,
(October, 1974). .

7. Ameriégn\Academy of Dermatolog} Annual Meeting, Chicago

. .1 -

t

N \

Chicééa\ <
N

~

N

s

»

8. American Académyiof Family Physicians Nationdl Méeting, Chicag%

(Octobg< 6--3, 1975). ‘

9, Norfh-Ceﬁfpal Region Family Physicians "Refresher Course,"
»y Iowa City (ngﬁhary 19 - 23, 1976).. )
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*

An estimated three thousand individuals have participated in

the SIMPLE#* simulation demonstrations. Of these, 846 were reqqssted

to resoonQ\to the below questlons. Thq,very'hlgh Dercentages of

-

"yes" responses confirms that SIMPLE §1mulatlons are very acceptable

to physicians and other health professionals. - .

‘

Responses: -
_— .
1. Interesing?

. 2. Instructive?

~
. 3. Challenging? -

Ty Usefa}?

it _ . .
~—5." Rang true? . ’ Yes = 90% '

*SIMulatéd Patient Learning Epcaunter. -




most part highly motivated, at least with respect to 5;¢isfactory cgmp]etion

of obligatory training and institutional requirements. But professional :

schools suffer many of the same telling* deficiencies as other schools. .

« 4 * * \ -

e ' Rare is the professional school that allows students to expgrience a
significant number of se]f—pacing,"interactiveueducat1ona] experiences. .The
lock-step, lowest-common-denominator, redundancy-paced curriculum is typical,
Instead of matching the educational message and medium to individual learner
characteristics, most institufions—try to match learners to instructional

" tharacteristics. We'do this by selecting homogeneous groups of entering

students who match as closely as possible students who have suctesng]]y

struggled through in the past. - T \

. : " , .
) If we were to lose this selection privilege today, there wgu]d.be
pandemonium in the Ivory Towers before tomorrow. Very few 1nst1tutn9ns.cou1d
cope with the'problems of tailoring instruction to fit the.characteristics - -

(and needs) of -individual students with different backgrounds. The predic-
table response would probably be a clucking of tongues, a rolling of eyes, -
"d shaking of heads, and a "quantum leap" in the failure rate. However,‘ghe
era of complete freedom with respect to seléction privﬁleges seems to be .
on the wane. As more minority and disadvantaged groups, become successful at ,

~__opening the doors of our hallowed institutions, thg problems will becpme more \
L e tgnsg,iperhaps mafre obV]?gs: N _ ;>\—>f\v” PRI . Ejr L
K Jome schools located.in urban centers are algeady under pressure.

Publicly-supported mgdical. Schools in Holland are np Tohger permittgd. .

-free choice of students.(59) Instead,” students must ‘pass certain m1n!ﬁum

requirements to gain access to the pool of‘eligibles a9d1dates..-0pen1\gs are

then filled by natdonal lottery.  On ayerage, only the student in twelve . "
| attends the same schoot as she or he would have under the old *freé chojce system.
- (k;lt will bg interesting to observe the results of this innovation over {he next N
¢+ (Qecade-or’so. . . . . ! . .

LY

NS

So_What Should We Do? : : ‘ R

J .

. -

- ‘ Cdnsideripg mankind's general trend toward greater efficiency, it is of *

. interest to note that skillfully executed apprenticeship, one of the most
venerable of our. educational tools, "is still our most efficient method for
promoting learn?qg. It employs”every sense modality to the fullest.

.. N — - + /

Unfortunately, as we shall see, .t ‘is Just as efficient for teaching the
wrong things-as the right. Bad habits dnd misconceptions- acquired in'aeren- S
2 ticeship training are exceedingly difficult for the learner to eradicate ‘
even if he wants to. The best hope lies in furnishing retraining by. using A
better methpdo]ogy. However, e then, unless there is\sufficient incentive. s
for the' Tearner to-acquire and utiTize the new modus operandi, nothing will
prove effective. For example, most physicians have given up smoking (especially
in’ ¢linical settings and in other public areas where self-contraditions .
could be embarrassing). They are obliged to advise patients to quit smoking, 1

. M T~

*Hmmm. . . v -




T L™

recognize .that the doctor who obviously fails to follow his own advice-soon
loses credibility and are tonseluently rewarded for.giving up the habit.

Nurses, on the other hand, are.under no such compulsion and have not given
up smoking.(60) Lo o )

<

* N d -

. "Many otherwise excellent retraining programs for «correction of addiction
to drugs{ crime, food and/or drink are doomed to failure because under the
condjtions,of today's society it s virtuaTly impossible to supplant such
fidbits with more acteptable behaviors that are sufficiently rewarding to the
gsTudents." - . ro .

o ‘After apprenticeship, simulations and games come next in educational
&fefﬁiCiency, especially if they realistically mirror important situations.

) The essential differences- between games and simulations are not always
d¥stinct. Games that are educationally effective usually simulate one or

more aspects of 1ife situations quite realistically. On the other hand,
simulations, to be effective and realisti¢, must incorporate some of the
qﬁ;gica]‘di]em@as that are an important part of the game of life.. "Playing

se,;" for eXample, is both a game for children and an accurate simulation of

parental behaviors. Computers, films, videotapes, .videodiscs; anatomical
models, actors and actresseg, etc., can be used in ways‘which enable simula-
tions_and "games to approximate 1ife, -and even apprenticeship methods, more
c]oséTi)gnd often, more ihstructively. «

¥ - N L2 N

So what should we do? A number of things come to mind. 0f, these, three .
- . ‘ v

"y éeem particularly important (see{Tab]e 5):
f ‘ R

1. Provide more I"on—tﬁe-rea'f—.job" experience,
rr ) - p

(.

4,
.

The training experiences we provide professional students seldom
reflect very pell the real situations to be faced later on. In
" . training medical students, for instance, we provide clinical
- experiences which are protedure-oriented, are hospital-based, deal
almost exclusively with highly atypical patients that are inter-
esting to researchers. and exclude the tedious-to-handle, mundane
problems sq commonly encountered in daily practice. Compounding
this.probTem of providing training with the unusual (instead of
both usual and unusual) is the fact that we generally use apprentice-
ship-1ike methods that jnstill habits of thinking and doing which are
exceedingly difficult to erase or modify later on. Worse yet,
- we tend to glamorize the.latest surgical techniques, “"wonder drugs"
and {nyasive procedures which interferes with the physician's ~
motivation to learn when and how to avoid inappropriate applications.

—~l

It is sadly ironic that the most effective educational experiences
* we provide our students teach them the wrong things and make it

difficult for them to realize it. Providing more on-the-real-job

experiences would help.* Even kindergartens provide field trips..

]

*In an excellent article on continuing medical education, Stern recommends a
swapping of "jobs" by senior residents and practicing physicians. Insofar as
we are able to guarantee that the pajygdts receive proper care and that both.

residents and physicians learn the ri hings, it's a great idea.(61)

~.
—

-

. -

-
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TABLE 5

»

REQUIREMENTS FOR IMPROVING LEARNING EFFICIENCY:'

N\

Al

-

~ 1, . ON-THE-REAL-JOB EXPERIENCES.
2, REALISTIC SIMULATIONS AND GAMES. ° ’ ~»

5, LEARNER CONTROL OF PACING, N '

ae




The provision of “"on-the-real+job" training experiences probably ¢
could be universally implemented within a'short time if everyone was
. receptive to the'’idea. But this is not the case, of course. The
elatively permanent, interconnective brain patterns of the majority
.of professional faculty and administrators would force automatic
"physical" rejection of such ideas. To effect a quick-change of
this magnitude would require awevolutionary procéss. This is
. neither practical nor desirabge. P
S— . 1 4
‘The' answer to-implementation problems 1ikg this one lies in finding
"ways to speed "evolutionary" change. The'best tool we have at our
disposal is redundancy: 1like effective advertising, the message should
be repeated as often as possible (preferably the same one, but in
varying contéxtual settings) until it gradually becomes an-accepted °
fact of life. . ’ i -

2. Simulations and Games RN . .
k "Next, in addi | to “on-thd-redl-job" training, we should provide

students wit osure to important, realistic simulations and games.
As mentioned abbve, it is impractical to expect significant changes
with respect to providing enough meaningful outside experiences.
However, it may be practical to let more reality come in ‘(at least
< on a “foot;in-the-doqfﬁ.‘ggis). Besides-the "swapping" recommended .
) by. Nernk62).s we should.a¥ Teast b& able to provide professional
students with educational experiences which simulate important aspects
of the real life_situations they are likely to. encounter after ’
"gradudtion." Furtherjnore, we should do away ¥ith all notions of
"~ “graduation.” Educational mjlestones should be handled 1ike birth-
days.*  More are ays on the way. ’

—

Because of the great potential for continuing education, computer
simulations are especially attractive, In medicine, for example,
once a suitable. assortment of simulated™patients are on-line and
once "&rtificial" intelligence comes of age, it should become possible-
to stimulate the patient sitting in the doctor's office so that
important information and etiological possibikities are not over-
looked. In the meantime, students should be provided with hands-on

.experiences with computer simulations so that they can gain first-

hand knowledge -of the difficulties, as well as the exci&éng possi- -

. bilities, of &n extremely powerful, personallyuseful tool for the

" \',future grof%ifiona1u -( __,//,ﬁ P

// 3. Learner Lontrol of Pap%ng

L4

Finally, we should allow students more opportunity for self-pacing.
In the final analysis, acquiring knowledge and skills is -always a

personal undertaking. How long it takes is also personal, varying
from one individufl to the next. Mhenever possible, pacing should ,

be left entirely to the student. It only makes good sense to do so.

*There seems to be a great deal of confusion with respect to personal indeter-

mimancy and aggregate (Markov) processes. -For example, it may not’ be possible
to determine ‘how long is ideally necessary for any one student to complete
various "milestones” bui we should be able to determine with accuracy and
reliability how many students in sum are likely to be undergoing what kind

of training at most any time. Individual freedom and good planning are

not incompatible. : 3 oo
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Of "Immovable Objects” and “"Irresistible Férces"‘

) Many professional training institutions.find themselves saddled with
the immovable object of anachronistic policy that is flot compatible with the
ﬁ?reSistjb]e force of rapidly changing circumstances. ‘A collision sooner
ot -later4seems inevitable. . - ~

If we consider medical practige, for instance, a recent example may illus=
trate this growing problem. In an articlé published in a prestigious medical
journal a couple months ago, a distinguished. professor of one of ouR, most o !
respected medical schools - one that has one of the -lowest student-faculty
ratios in the country - suggested that it may not be possible for American
medical schools to provide the kind @k training experiences that will enable
minority students to measure up to "reasgnable standards? Citing a case .
in which a medical degree was awarded "in desperation” (after five years) to
a student who had failed to pass the requisite National Board of Medical
Examiners' examination five times in a row, he suggested that "considerations
of tact and guilt over our history of enormous.racial injustice have made:

- it difficult to face the problem of properly balancing our obligation to

promote social .justice with our primary obligation to.protect the public .
interest’(63) - , — - ) o

€

! -

Curiously, the "Affirmative Actfon Program" at this same institution is
able to recruit minority students from almost anywhere in the country and
has been'described as "extremely successful."(64) ’

S

We -presume that "successful" means that they are better.able than most
to select a targét number of minority students who possess reasonably
‘comparable backgrounds to that of former students.

However, it is even more curious, it seems to me, thatlthere.has as
yet been no clamor for professional training institutions to discard training
methods which cannat meet the needs of “individual students whose minds have
been shaped by very-different hereditary and experiential backgrounds. But

I assume that it's coming. :

In the meantime, it might be well to begin mending our fences so that
we will be better able to withstand the strains of change. -After all, there
should be something besides subjectmatter and student age which differentiate
professional schools from kindergartens.

-

* Or should there?

N

P
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’ «1. W. Marvin Bunker, '%vvlled Optical Illuu-uv " in Stow, Miglierina and
. " Coxon (Eds.), Proceudlngs of the Eighth ~Wnua1 Slmulatlon Symp051um, ’
2% Tampa, Fla. (1975) pp. 181-96. . ‘ ‘

4
/

2

. 2. “See Harry J. Jerisony "Paleoneubology and the EVolutlon of Mind,"
. Sci Amer, 234(1): 90-101. For a more detailed evidential account, see
Jerison's "Evolution of the Brain and Intelligence," Academlc Press (1973)

o

© 3. lLewis Thohas' dellghtful essay, "On Societids as Organlsms" (in L.
Thomas, "Lives of a Cell" Bantam Books (1974), pp. 11-16) compares the
distressing" similarity be tween human life and life in the ant higl.
In the sameypublication he also makes the interesting ‘obserivation that

. sifice’ all\\gngaﬂélles" have genetlc instructions which are different - &
from ours but which are common to all othenh_uch brganisms, no matter .

: in which spec1es they set upfreéldenc and since they are far more .
4 - . ~ numerous and thus outwelgh" their host's own genetlcallyKE:;que »
e constituent parts, it is reasonable to consider whether humans and other
> spefies exist merely as a part'of the exceedingly su¢cessful survival
. .o cha\ecterlstlcscof organelles. (See pp. 81-7.% F hope not..y,i\ . *Nﬁf“/' A

~ e .

4. Robert Petersdorf, "Internal Medicine and Family Practice," N. Eng. J.
* Med.,. (Aug 44, 1975) 293(7): 326- 32. -
-s."ﬁ °

' ‘ 5. JAMA Medlcal Education Supplement (Jannary,_1975) 231:21. See Table 20. .

[

. ' 6. Amerlcan Hospital Assoc1atlon Chlcago I11. (August 1975) Hospital
Statistics - 1974, p. 3. See "Table 1 ~ Trends in utlllzetlon personnel
. and finances for selected, years from 1946 through 1974."

7.+ Malpractice pates climbed rapldly . For example, during the last decade
. the rates for University:of Iowa, Hospltal phys1c1ans have increased by
1800 percent. We have bees.assured that this is typical,. TFor a thought-
. ful analysis of the effects of patients! new expectations on malpractice
, - .awards see David Rubsamen, "Medical Malpractice," Sci.Amer (August, 1976)
235(2): 18-23.

)] e -

a
(o

T 8w Modern Medicine (Januaby 1, 1976) p. 60.

' . 9. Christine McGuxre, "Foreword" in J. Lackmann, "Slmulatlon and Self-Assessment "
. ' American Medical Association Department of Continuing Education, Chicago
(1976)
- " 10. Robert Gagne and Wm. Gephart (Eds.), "Learnlng,ﬁeseaqch and School
‘ Subjects," Peacock Pu%ﬁ&’ Itaska, Illinois (1968). , ,
¥l. John Dewey, "Democracy and Education," Fre®d Press, N.Y. (1916) (reprintedl
in paperback in 1966) p. 274. To quote Dewey: "Inlj;st the degree in
which connections are established between what happens to a person, and
what he does in response, and between what he does to his edV1ronment
and what it does in response to him, his acts and the things gbout “him
acquire meaning...Purpgosive education s schooling should present such
an, environment that this interaction Will effect acqulsltlon of those
meanings which are so important that they become, in turn, instruments
of further learning." We still couldn't agree more. :
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22.

iographic Notes

'John-Eccles "Postsynaptlc Inhlbitaon in the Central Nervous Systenr,"

” . ..

ihs vl history of ;lte on ¢arth can Be accurately characterized as

a von:i'uous per’od .0f increasing efficiency, for-equivalent or superior
results have consistently been obtained with smaller and smaller expen- h
ditures of individual and collective energies. This is not to suggest

that the Second Law of Thermodynamics should be repealed; rather, :
because the space-time framework of earthly life is but an exceedlngly

small part of the overall cosmic picture, local entropy can be minimized:

?

‘without observable untoward effects for a very long time ~ The concept

of man's inherent drive for greater eFfisiency is of Ffundamental impor-
tance, but unfortunately it's far too complex a subject to discusés meaning-

" fully at this time. What is needed, it seems to me, is'an "Understandlng

Efflclency" treatise which traces this wnifying force from the first
"intelligent" cell to quantum mechanlcs/electrodynamlcs and general

relativity concepts and which then explains the subtle effects of effi-

iency on our every, ay existence. t . ] ?

-

LinuS'Pauling, "

itamin C and the Common Cold," Freeman and Co., Sar
Franeisco (187

5u. C o .
P . —te. 7~ oA .
S. 'gmerhof and H. H. Elchhorn, "Study of Microbial Evolution through
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Nature .216:456-8 (November 4, 1967) '
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Norbertﬂﬁieger,_ﬂ_xbernQt&eSTJ"MTT“ reS§T“C§meTa§e*(I9u8?“ﬁ7*&l7‘ -

James McConnell, ""Comparative physiology:’ Learnlng im invertebrates,"
Annu Rev Phys1ol (1966) 28: lO7 36.

Holger Hydén and Paul W. Lange, ""S100 Brain Protein: Correlation with
Behavior," | Proceedings of the National Academy of Sciences, Vol. 67,
No. L, (December, 1970), pp. 1959-1966. Also s¢e Holger Hyden, "Blo-
chemical Aspects, of Learnlng," Proceedings of the American PhlESsophlcal
Soclety, Vol. 111, No. 6, (December, '1967), ?hlladelphla p. 330.

H Hyden and Paul Lange,’ reported in N. Calder, "The Mlnd of* Man,"
Vlklng Press, N.Y. (1971) p. 120. . . ‘. oo

‘v
The hundreds (or perhaps thousands) of operatlo s cdlled ints- serial action-for
ordinary speech, for instance, suggest a timespan of less than a milli- »
second, whlle protein synthesis requires about one second on average.
Holger Hyden, "Biochemical Aspects of Learnlng," Proéeedings of the
American Phllosophlcal Society, Vol. 111, No. 6, Phlladelphla, December,
1967 p. 330. '

L]

Wilder Penfleld and Theodore Rasmu er, "The Cerebral Cortex of Man."
McMillan (1957). This classic book has a wealth of detailed information.
A Luria, "ngher Cortical Fupctions in Man," _Harper (1968), also a classic,

‘Presents the results of a thlrd of a century “of complementary investi
tion.

in Quarton, Melnechuk and . Schmitt (eds.), "The Neuorsciences," Rockefeller
Univ. Press, N.Y, (1967) pp. 408-27.
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28. MathematjgaIly speaking, setting the ‘spherical volume-rate- -of-change

L 29.

\
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John Eccles, Q xe~Underétand1ng'of the
pp. 88- 89

N

frain," McGraw-Hill

Wn. Beck,—"Humaﬁ Désign," Harcourt J e, N Y. (1971) pp uui/so

I ———

Karl Lashléy, "Brain Mécpariisms and Behav1or," U. of Chlcaga/Press
ack, Dover, N.Y. (1963). A classic... ¢
~ ) , /./ ’
jlateral Hippocampal Lesions,'
. S so -Neal Miller, '"Laws
ing, 1n‘Proceed1ngs of th American Phllosophlcal Society

< 11,-1967) Vol. -JII(6): 315-45. AlSo see N. Calder, "The Mind -
Man," Viking Press (1870), pg. 109-111. , :

-
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pewis Thomas(li?he Lives of/é Cell," Bantam Books (197u)"pp. 81487. °

equal to "zero" y1€1dS the formula for a spherical surface area whic
turn suggests the winimum volume change occurs for c1rcles, sphe
etc. Also, moest cells develop in a spherical shape in thf(abSence -
of larger exterior forces; usually it!s more efficientytime- enengyw’ée
to minimize thé ratio.of surface to volume (which _means ‘a "spherical"

shape ). ) < ) ////T// - .

n- removes one bit of "
(i.e., L 2 1. "information bit")4 similarly, drawing one of four
similar goif balls from-a hat re ves two-bits of uncertainty (i. e.,
Log, 4 = 2 "1nfopmatlon bits") etc. - o

Flippln

For excellent examples see W. Ross Ashby, "An” Introductlon/zg’gzggp—
netics," Chapman and Hall, London (1956) pp. 123-4. B

’ -
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millisecopds) attenuation response occurs and also that forty or fifty

repetitions will result in the gradual assimilation of the new 1nformat10n

even for stimuli which are at first rejected by the Subject. .
»
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1. ~Toby Berger, ?%ifizﬁiffggxion Theory,"‘Prentice-Hall'(1971) pp. 1-11,
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39.  Hadle ril (ed.), "The Morning Notes of Adeirert Ames, Jr. ," Rutgers
* kv, Press (1960); pp. 7-9. Ames presents a particularly cogent C T
- brief analysis concerning the uniquely personal "world" of each indivi- ”

‘dual. - The "world" disclosed by our senses may or may not ‘correlate

well with "reality." As he put it in 1943, "The fact that we can-never ..
] know what we commonly consider as facts and truth is rather a appalllng
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. 40. H. Jacobson, "The Informatlonal Capaclty of the Human Ear," Science,
Q\ 1850, 112, pp. l43-4 and H. Jacobson, "The Informational Capacity of//

. the Human Eye " Science;, 1951, 113, pp. 292-3. - - . I . .
41. Dean Wooldridge, "The Machinery of the Brain," McGraw-Hlll (1963),
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