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"The Use of Gradual Progression in Establishing Higher Order Behaviors"

¢ ' . . ) ) . ‘ .

Carol Solomon ' . -

-

-

Scientific inquiry, producLive thinking and oLher'P{EEer order B
k . - &
behaviors are frequently the objectives of the new individualized
i 4 . ,
. elementary school curriculum materials. Yet basic research in operant J
. - . ) . :

1aboratoriES has usnallyvfocused'bn much simpler behaviors. For the
analysis of behavior, then, the existence of curriculum materials de-

. v signed to. teach higher order behaviors présents both a promise and. a
- proBlem. . ‘ . ‘ : . . .
| First, the problem——the materials were,developeq largely Without;

guldance from the analys1s of” behav1or, so instructional de515ners~

and educational psychologists now assume that such an analysis is

o

useful orly in teaching simpler behaviors such as discriminating the.

. lower case letters b and d or memdriziné a long-division algorithm.

3

. ! Yet learning principles deriveéd from the analysis are applicable to
{ teaching higher order behaviors and, in fact, a behavioral analysis-

- of combleted materials is an extremely useful technique for igenﬁifying

e

s E a gradual progression in task difficulty apbropria?@ to the to-be- ' ?‘v' 1
learned higher order behavior. This paper illustrates the use of

this, technique, through a behavioral analysis of several learning .
. " y
resources from Pittsburgh's Learning Research and Development Center’'s

. Individualized Science curriculum. The learning resources were se-
’ < -
] - - F . . ‘
lected for their relevancy to achievement of the curriculum's inquiry

goal. But first, I would like to meption brigﬁly the.promise-that
the existence of~such materials holds for. the analyéis of behavior.

> LY




These curriculum materials are nothing less' “han promising sources _
< . . . .. . ( - . ) . . 3
“for analyzing our most complex ?nowledge, since each must represent a o

. A

task analysis of the higher order'behaVior it aims to tehch An ele— ' ‘ N

mentary school science curriculum with the: obJective of teaching in-

.
. . . (S . .-
hd o

quiry obviously must begin instruction with simpler tasks w1thin the )

3
» . N

current ability of the novice child——tasks that may. not yet- look fnuch” ¢« “ v

like inquiry of course, a child s success in a wcll.ﬁeSigned cur-

riculum will be contingent on performance of those tasks‘ kYeb; theée' .

T

¢

early tasks_must also be true approx1mations to the "mature" inquiry ., ' . .

-

3 [

. ’ . . < . ‘ - . .
behaviors, or else even the most carefully designed contingencies '

2 . N
. N . . - « C -

will not reliably result in establishing mature inquiry. A scienie.u

“ . . . -

e ’ ~

curriculum with a progression in task complexity that. succeeds ih L o

-

. o . o . o .
establishing mature inquiry represents an effective analysis of that
' ‘s - ) S : AN

higher order behav1or. o T e . e . oo « .
) h O T ;

»

My COHCElh now, however,;is to’ exemplify the use of behavior

';analysis to ddentify appropriats and inapproprlate.gradual progressions

»

in tasks Leaching the higher—order behaVior of inquiry,
w»

We selected 'LRDC's IndiVidualized Science curriculum for this

. [4 .

analysis precisely because we were impressed with its Hreakdown of

the broad inquiry goal into insightful nontrivial, yet teachable

behavicral objectives. The threeyobjectives whose teaching I will

analyze here are: (1) thinking of a solution to a"problem;'(Z) obL

S . o . .
.séerving and applying knowledge to explain a phenomenon;’ and (3) pro-< .

posing an alternative use of materials to .solvg a problem The
. X .

method of analysis is identifying the minimum behaviors asked of

€

studeuts in preceding lessons to determine if those bchaviérs prepare
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. \-_students go suCCessfu}ly‘achieye these thrcelinddir? bbjcctives. LIE
; o simpler Qersions of the inqsiry‘behaviors ;rg embodied in esriier ' R
'fsssons, ‘the pfoéresé{;n inytaskbcomplexiéy shoﬁld reliébl& ﬂesult

: in student success in ach16ﬂ1ng the Lbjectlves, as. illustrgted by thé

“w

- " first example’ that will be analyzed.” "On’ the other 9and, if bghaqiors - ' .
-~ ’ . . [N ) ) t, 3 N . . H . 1
called for in eardier lessons are not simpler versionms of bellaviors

A ~_ required by the inqdiry'objective, a child“s success, in achieving

that objective %ould be lpss likély. The'sscond and third examples' .

. AR | " N
s ’ - I'will disquss will clarify this problem. However, before plunging
5 “} . . ¢ . . . e . > . ) [ 4
k . \\\‘ ‘- into: the qnalysis, T will briefly describg:the éurricglum'matefzgls; ,

In Individualized Science, units named for individual scien-

tiéts, are the basic content frouping. In each uhit the two

main learning resoifces are the lesson, usually‘tqgt with gulded

i %
. s 5 '

activitles and questlons, and the MlnlExploratlpn (MlnEx), an in- .

:«

vestigatory activi%y or 1aboratoryﬁgxerC1se, This analy31s con—
' centrates on the MinEx's as they are designed to contribﬁté most - g
v . - R - R ) , ’,‘ ) . v

"to achievemént of the inquiry gcal,
A typical MinEx nonconsumabl%tbgéklet looks like this. The .

-~ . . R

o =

s -

s - -Insert Slide 1 dboht_hére
. SR L TTmTms o .
coveyr page presents a question and a list of Quznmterigis needed
i
to find. the answer. The child can either devise his or her own plan

to find the, answer or, by turning the page, ?an folloi a detailed .
» [ " !

— s o R .8

" Insert Slide 2 about here . .
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. ' - »' kbv,
e m description of one child's plan"that'successfully answers the question.
{:fhe'MinEx booklet also poses questions_about~the investigation and‘the
* chilo is to.record the answers and any{data‘in a scilence notehook.' hs )

a
» v I3

o students become more skllled in inqulry they are to formulate their
S , ) AR

.

own plan for answering this question before turning the cover page ' -

/’J to read the description of how one stui ant did it.

4 ’ . . .
«

I might note, in passing, the contingency problem represented by
the fact that students can, throughout fhe curriculum, select to 'solwe" . Y

_the posed question simply by following directiens. My concern here;. . K

£ however, is with the appropriateness of the preceding instructional

¢ " tasks, rather than with whether or not they are response—contingent.

B ' Let's look again at the cover page-of Lagrange MinEx 7 to analyze’

- o ' . Y - -_ P : B ) ’ L w .
4 , ‘ Insert Slide 3 about. here o
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» L, " -

how tasks the child has done in earlier lessons have prepared him or

“ .-~ " her to think of a"solution to the question, "Does your finger exert

e e . . .
EY . ;

+ a force on water?' Extensive experience gﬂth an equal arm balance
has been provided in earlier units and the language of the question, ‘ *
‘ "exerting a force," is also. familiar., Also, in earlier lessons of

: the Lagrange unit, the child has found the relative weight of objects

i

by comparing the amount of water they displace. Thus,.it appears

-

- that all the necessary elements for answering the question posed in

-

the MinEa.have been taught; it remains. for the child to put them to- ﬁhl

gether in what is for him or her a new way.

» . . . P ]




This'situation is anaﬁggous to one described by Skinner €1968)

p ]

v -

iq'wﬁich"Max Wertheimer attempted to teach students to discover the -

-

area of a parallelogram:

For Wertheimer productive .thinking occurs when the student

'sees' that the protuberance on one; side of a parallelogram

just fills the gap on the other. He must not see it because

- 1lt.has been pointed out to him, however. The solution must

' come as an insight*~an idea or respoﬁse which is by dgfini—

L x s .
. B \
. * 1

tion not traceable to wntecedent conditions. [?et] In
}Wer?heimer's exam?le, fhe studeﬁt does not by an§ means

stgrt fromfscratch..,uevhés an extensive répertoire ac-: ‘

quired undér similér circumstances. .He understandg the

préblem; he can. calculate the,a:éa of a rec;éqgig; and he

. knows something about triangles and how they differ in

~ s

size and shape. . He will be more likely ®o havé this par-~-
ticular insight if he Has éolved comparable probléms by
cﬁtting and ,arranging pieces of ﬁaper or by drawing lines
to divide areas inte parts. (ékinner, 1968, p. 127):

Our elementary science student, in addition to having acquired

* . . e

¥
an appropriate repertoire for solving Lagrange MinEx 7, has a good
. o~ ‘
prompt. - The picture shows a useful arrangement of the balante and

‘ beakers of water, but does not identify exactly how these items can
be used to ahswer the question. As Skinner (1968) has pointcd out,

"Tﬂe best way to help the student give bipth‘to thesanswer . . . is

- -

_.to give him a strong hift or even the whole answer, but that 1is not

LI

the best way to make sure that he will recall it in the future
-~

i




«(p. 144). In the case of this MinEx, a "stroné" hifit wouild liave been S
. , ° . & . ' S )
. an_illustration of exactly how to use the beaKers to answer “the ques-

' . Insert Slide 4 about here | T ‘
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[

o - tion. That strong hint is on- page 2 of the MinEx. But the behavior

« S of following this pictorial direction is very far from the behavmor e
L N & 7 . .

of tryiny to solve this by sticking one's finger in the beaker. The

";eaé" hint éiyen on the cover page ‘sets up a'situation in which a.. - b
“:Jehild who has done the earlier lessogs‘is highly iikely tQ,PF able

to think of how to use the beakers to answer the question. Once the. -

student-has successfully used this’weak hint to think of an answeﬁ, '

. .
. - * N . %

even weaker hints may suffice 1ater on to ellcit similar behavior. .
. P - . . v

To summarize, previous lessons have provided the student. with ’

the behaviors necessary to so}ve this MinEx, and the cover"picture
. - . 4 . » . - ' )
gives a suitably "weak' hint abput the appropriate arrangement :of

materials. It seems likely then that a studént'who_seleets Lagranie

MinEx 7 may well %e prepared to invent the solution to the posed
, : “/ b
question, without looking at.the directions provided.

- 4

- On the other hand, the teaching material that prepares theﬂ

Fd

child for Lavoisier MinEx 11, "in which he or she must observe a .

L.
» g .‘

. phenomenon and apply knowledge to explain it, does not teach one of /;

-

the behaviors important to student success. Lavoisier MinEx 11 poses

Insert Slide 5 ®bout here - Y

—— o . o s e o e .




_ out. - The child then dnswers questions including

"relative thickness eof the trick eandle wick and the fact $hat it

>

the question, "How does a trick:candietlight’itself?" This MinEx .
ie‘unusudl in that ecven beyond the cover page the child is givén very

brief direc%ions: _Light the trick candle, blow it out, observe it

‘carefully, blow it out again, and observe it until it ’burns itself

3
.
3
<4 T
Insert Slide 6 about here ‘ .

———— e

2

~ How does the trick candle look different from other candles you

) L N ‘ .“\
have used? : . : 4y
How doeﬁ the trick candle bufn differently from other(candies?

And, most important for this inquiry object ve:
SExplain how fhe trick candle lights itseif.
Since you have-not done the preceding lessons, I will assume

.

that you a1e not ready to come up with ap explanation of the trick
candleg'fhe "trick' consists ‘of a metal core wick, notlceably heavier
then.ﬁb al candle wicke, tha;'continues to glow after thenflame has
been bid&n ouef' The glowing wick then ignites g?seoes wax that re-
mains eea!-thekgop of the candle. Consider, then, ehat prior ex-
periencee and knowledge a Fhild needs to‘fxplainehis ?ﬁenomenon.

The child must have cbserved®wicks of normal candies, so that the

s

continues to glow after it is blown out will appear noticeably

"different." The child must also know that gaseous‘wax located near

the tip of the wick is the buraing substance {n acandle, and must

.

then apply this knowledge to explain a slightly different candle--

burning situation..

LS

7
/




. ’.‘ Look at the wick., What is the wick made of?

. -
‘ . TN,

, , / \ : :
» - / 2 - N

~

Looking at ghe activities&ﬁé’ﬁhﬁ earlier lessons of this amit, *

we see that what the child. does- theie represents simpler versions

- of only some of the behaviors that will solve this Minrx.\ In these

- . -

two earlier lessons the student‘observes, lights, and blows out a ",
normal carldle and answers questions like the e that prompt careful. .

observation of the wick: . ) L

What does the wick look like b.2fore it burns?

L]

What does the tip of the wick look like when it is hurning%
The observinggbehavior‘evoked by these quegtion's‘wil1 be directly.
useful in solving\the trick candle MinEx. The observing oehavior i
is heavily prompted by questions in this earlier lesson, and these
prompts are faded out in the MinExu s41ls0 prior to this MinEx the
student learns that ngeous wax burns, while liquid and solid wax
do not burn. The leakning experiences include attempting ang failing
to light liquid and leid wax. Then, using a piecé of metal screen,
the student is directed to 1ook through a candle® flame to obsemve

the clear part of the flame. This elear part is then identified

for the student as burning gaseous wax. Note, however, that the

‘trick candle MinEx requires that the child appl z the knowledge that

gaseous wax burns in developing an explanation for the candle's re-

'lighting, while the behaviors evoked in the lesson involve simply

observing the clear part of the flame. In fact, the response called

-

for, lookiné at the clear part of the flame, can be "performed by a

-

student who, if asked, could not identify that part as burning

gaseous wax. Success at developing an explanation for the relighting

:

j

I T I B

e

R

e




.
-
.

.phenomenon would ba more,likély‘ii, in an ecarller, ﬁromptpd'inatfuc-

. . i : v L : . T . . ‘

tional sjituation, the student had actually applied the knowledge that
- . [ .

R} L3N . EH
S gastous wax burns. Thus, we can conclude. that although the early

- hd “ - . ~ . »
. lessons prepare the 'student ‘to make careful observations of tge
3 P . D *a B . i
relevant pa.t of the trick-candle, they do not adequately prepare
Lo, ¥
- . -

\ him ot her to develop the correct explanation for that observation.
. f' LA M& final exémpie, in which ;ﬁe earlier in;truétional mater?alsk
‘ y . do not fepresént simpler versions of tﬁe objective;.Involves finding

* an altgrnative way (other’t&gn that given in she MinEx directions) b

to use the mgterials in solving the posed:problch: The value of

\tﬂis_yihd of objecgfve in relation to an ihquiry goal can hardly be »

.

overestimated. A child who, after compTeting a‘Mqux according to

) » .
directions, can then propose an alternative solution, has indipatcd‘

- % »

Y some understanding of thé principleé operatingvin both solution o

b

methods. Maﬁy MinEx's explicitly ask tﬁegchild to think oﬁ an .
, ) , . | .
_alternative solution in an optional section on the:last page called

"otheé,things to try."” However, simply asking for the behavior -does : .

v

* not insure that the child will be able to give it, as the following
example illustrates. . L | -
« * eemesees B o o ot e s s o e i e o st ot g o g o 7
: - ; Insert Slide 7 about here
- | — - - ——— e . *
-~ , o .
s . Vesalium MinEx 1 asks, "Can you think of a way to Take a system

for measuring tcmpeﬂéture?"‘ The content 6f the Vesalius Unit illus®

- .

trates examples of the concepts of system and subsystem} thermometers

are not mentioned. Although studeﬂ%s have used thermometers in the

! - i

3

" \ | | \




. 4 2
’ 3 ) \
“ . ' « r ' .
' . > . v
o . i0
- - 1

L4
v

- ¥
conventional manner in earlier units, the principles of thalr opdration

-

have not beeh taugnt. It scems very likely, then, that most students -

. would have to follow carvfully thuse Minkx divections in order to male

LS

A
e e s e oG R WK B B W WA S O A s R T B B A e

Y Inscrt, $lide 8 about bere
e
) 3
an gir thermometer.  After having follewed these directions, the Mintx "

suggests that the studen’ try to searrange the same materials to make
v N - . ) . ‘, . »
: ‘a water thermomaeter.

B

- o Dot e it e AN T o R Ak e SES ok Sl OB A VRS e W o 206 W T
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However, the behavior of following dirvctions to make an :dr.b

! . thermometer is not a less cohplex versfon of the behavior required to S
' . -« ' N . . N . . :
ot succesafully use given materials in a new way. Following directiond
+ ) ) . : :
to make an air thermometer requires careful attention to the partif- ?

\ x » . E
ulars of the given situation--how to stick the plastiec tube in the ]

., ‘

stopper, how much waher to put in the beaker, how to put the rub?er

. ~

band on the tube to mark the water level, etc. In contrast, beihg

id .
able to reusc the mgtytijls in a new way that implements the same

Y
r - principles implies thdt the student has first abstracted the genvral

"

prigciples operating in a pariicular instance. ‘

Casné has described the beaavior of reargapging the particalars ,
atglog the |

of fa sPtuation according to.certain operating principiés as Ma capa- .

»

%

bility of applying a rule to any number of spccific”instanccs’

{Gaené, 1971, p. 317). He sugpests that the pemson who cad do this
N b

¢ *

EMCI . s ) '

A .
A i vex: provida oy eric IR ‘ ) - . .
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successfully {0 one who views the stivulus situation {n terws of the
copeepts, rather than the partioulars, of which ft is conpused. A
generally accepted method o teaching copcepts invalyes the prosen-
tation of a serivs Of'£XJmplrL, to cach of which the studeat responds
S0 as 1o assurg that the basic simitarities, rather than the accidental

particuluary, bave been obverved (Mechner, 1965; Markle and Ticmann,

1971). Once the principles operating in a particular instarcce have

v

L4

been obserwed, the student will be better preparsshto treusce the ma-
tf*ri‘tis".in a new way &hifch, nevertheless, implemenys these principles.
0f course, even without d&{vcr instruction designed to evoke
sbhservption of principles in g glven instance, some children will,
in fact, obuserve the principles andva ahle to use them surcessfuily
tn dosigning a new solutton, However, lacking such instryction, many
children will fail in thele first attenpt to construct a new solution,
and that failure mav have unplanned ronsequences. Not only has the
desiy~d bchavﬁor ni.t occurred and SO; not been learned, but also
the Qh;id miay have learned the undesivable behavior of avolding
future f%iiurc by no longer attcmpgi;g thc.”othor thiﬁés to try‘"
To sum up briefly, these examples Illustrate a technique of ‘ R
behavioral analvses of curriculum materials that can be uscd to
¥ : fdentify how well students are prepared to bcrform desired higher
order behaviors. Such an analysis wouid obviously be useful in the
formative evaluati;n stage of curriculum‘devéioymcn:, but the icarﬁiﬁg
principles from which this technique 1s derived can offer much more.
When ﬁcAcan’Arrsngc a series of learning tasks that veliably reuult
irr gchicvcmvnt of a higher order objective, we have, In gffort, the

e -

. "y
moat usclul analysis of that complex behavior. -

»

o -
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