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-The problem of transfer of learnlng, whlch can be

A

descrlbed as- a cdncern about how 1mmed1ate skills, -under-
,§tand1ng, att1tudes and other learned functlons 1nfluence

behav1or in a d1vers1ty of subsequent s1tuatlons, has been

-

v

‘Wittrock (l96d) proposes an approach to research on transfer

of learning whlch involves the use of a theoret1cal model

1]

One of the mod:ls he proposes, is called a med1ated generali-

Y

zation model om mediated verbal transfer model A med?ated -
generallzatlonamodel prov1deswa useful way to conceptuallze
verbally\medlated €ransfer; éhls means that words and other =
verbal st1mu11 are. used to make dlstlnctlons and generall-_‘

zations hot readlly apparent to the’ learner otherw1se. Studies

by Wittrock and his associates (W1ttrock,.l963 b; W1ttrock &

‘Twelker, 1964; WLttrock Keislar- & Ster 1964; W1ttrook 1967

> -

Wittrock, l969) dealt with the effects on_learning, retention ' |
K - ~ ) . . ! . !
and transfer of such verbal mediators as rules and examples. .. L

‘ - ' A ‘Jj

n ; P (/ -, . ]1

“nis report represents a portion of the author's doctoral ;
dissertation conducted under the dlrectlon of Dr.L.Ray Carry( : j
|

Unxverslty of Texas, Austin.




rules (R) » | The IM conslsted of a presentatlon of addltlon

- ) A

Though the result of these,studies appear to be hlghly S
v N - 3
relevant to 1nstructlon, the generallzablllty bf the flnd-

vlngs beyond the learning laboratory is somewhat doubtful

because of the type of learning tasks used ( abstraet card

4tasks; cryptograms, coded sentences and’ the llke)

This study was an 1nvest1gatlon of the. effect of

selected verbal med1ators on 1evels of learnxng tr'a sfer
6 .
that may occur from learning mathematlcal concepts in ‘a class~-
- » . ) . {
room situatron. ’

Y

I

Method | . . ‘ “
The mathematlcal subject matter of modular addltlon .
was taught to the experlmental subjects by means of programmed
booklets prepared by the 1nvest1gator. The verbal mediators’

used were: introductory material (IM), examples (Ex) and

on a lZ-hour clock, illustrated with dlagrams. The Ex con-

-

slsted of addition modulus flve (mod 5) or addition mod 5, mod 6

. and nud 7 respectlvely. Two types of R were used, called

specific rule (SR) and general rule (GR) SR was a deflnltlon

of addltlon mod 5 and GR was a deflnltlon of addition thod n.:

The levels of~transfer 1nvest1gated were Spec1allzatlon,
b

t;generallzatlon and reasoning by analogy. Spec1allzatlon was

operatlonally defined as paseing from addition mod 5 to

addition mod 3 and 4, Generallzatlon,was operatlonally deflned.

4
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.2 -Do@s the use of” three examples r?ther than one example

- . o
: .- B . B B
- - . . S
L . e . ]
. .

as passing ﬁrom addition mod 5 to addition MOd'n, and reasoning

by analogy was deflned as passing from addltlon mod 5 to

s N

multxplicatlon-mod 5. The terms speciallzatlon, generalization

o +

and reasoning by analogy were ueod in accordance with the
#

interpretatlon given to them by Polya (1954).

.0 o

The,three verbal mediators used in %he study. . -

determlned the three independent varrables, they were:

M (thh two luvels- use of IM.end no IM), Ex (with two
levels' ‘one Ex. and three Ex), and R (with three levels.
SR, GR and no R (Nﬁ) ) Thus the experlmental'design was a
2 x 2 X 3 factorlal design W}th fixed effects.

The spec1f1c questlons asked were: ' .

1. Does the use of concrete models of a mathematlcal concept»

. presented to ‘the le?rner as a’ verbal medlator ‘facilitate the

1

levels of transfer identified as generallzatlon.L speciali- L
) “ 2 . C s
zatlon and reasonlng by anangﬁ . . ; .

R

®

of a mathematlcal concept presented to the learner as a .

@

verb@l medxator facilitdte tﬁe 1evels of ‘transfer identified

:as gemrallzatlon, spec1dllzat10n and reasoning by analogy ?

. 3. Does the ‘use of rules presented to” thewlearner as verbal L
Qﬂi .o &

medx@tﬂrs fac;lltate the levels of'transfer identified as
k5 .

»ie

gen allzatlon,.specializatlon and reasonlng by, analogy ?

_ Em'% o These questions.gave rise to'threé major hypotheses- .

pal

// Tﬁe mean test score for the IM-group will he sxgnlﬂlcantly
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ccantly hlgher than the mean test score for the one Ex—group

The experlment was adm1n1stered by the 1

* @
+.y

L . \

of the three levels of transf:7 - - f"i ,G'

te

(3]

2. The mean test Scoré for the three Ex-group will be slgnl- S
- {

on each of the three levels of ‘transfer.

3. There w1ll be slgnlflcant varlatlon of. mean test scores

- %

. ,Across’ levels of rule glven 1n the performance on. each of the

-
-

three levels of transfer.- . ) ' 'f'_ . =
's.' . ' ) V

: Instructlonal booklets and ﬂhe crlterlon testsA

wh;ch were deslgned to measure spec1a11zatlon, gencrall-

°

zation and reasonlng by anakégy: were pllot tested in two

pllOt studles.' “The populatlon for the study cons1sted

of 104 seventh grade students at Leander Junlor ngh School

&

“‘Leander, Texas. The subjects'were randomly.asslgned,to twelve'

A

eatment groups resultlmg from th 2 x 2 x- 3 factorlal deslgn.

»estlgator durzng

r;ve aays. - Instructlon was. given durlng three days and two

~ days were used for testing., The valldlty of the three transfer

7

tests as a measure of the leVels of transfer was Judged by

{
!
three mathematics educators who also judged the tests to be
vaiid as measures of the content taught.” As a reliability L

14

measure'Cronbach's alpha (lQSl)%was_used which was. .90 for the

~Specializhtion Test (Test 1), .83 for the Geqeralization Test -

-

(Test 2) and .85 = for thé Analogy Test.(Test.3)..
' . . . . ) : . .
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- . N . Results ° , .

The performance - of subjects in dlfferent treat-.

. ment groups was compared u31ng a three—way analysls of
varlance. The actual computatlo‘i for the data analysls
IWEre carried out uslng Veldman's (1967) computer program

k'AVAR23. The means and standard deVLatlons for Test l, Test 2
and Test 3 are given in Table 1. | e : .

L . 1)

B

Insert Table 1 about here

I B

The analysls of variance summaries for each one
". of. the three tests are presented 1n Tables 2, 3 and 4 res-
pectlvely, o R %‘. ' , .
¢ C . Insert Table 2* about here '
+ ) /’ N !
. - - ) i A

Insert~Table 3 about here

) . w
.
v . . R
. .
.
- P :
. ' . .
.
.

- Lo p = - 1

;Insert»Tagle 4 about here -

From Tables 2, 3 and 4 can be~seenvthat the use of

- IM prodteed’an effeot.significant at the .05 level on

! Y

3 .
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Test.i - For Test 2 ?he F-test fawled to reach s1gnificance e
at the; 05 level, however, the associated probability p |
was .099, suggesting that a cons1stent effect may have been oresent
but not to a Significant degree. For Test 3 the»F-test failed

Vto reach Signifi¥ance. Tables 2 3" and 4 also indicate that

- the: F-tests for the "number of examples' main effect yielded_ i

-

no significant difference for any of the critical variables

'Furthermore, Tables 2 -3 and 4,show that‘for the Rule contrast

£
[

the F -tests for Test 1 and Test 3 reached s1gnificance at’ the

v

V’OS level, while the F-test for Test 2 did not reach signi-

' % ; .
", ficance; the prohability associated w1th the F for Test 2,

o

hoWevtr, was .06 suggesting that a consistent effect was
‘present, but not tova significantvdegree. Since Hypothesis 3:
was statisticallYico firmed at;the .05 level for-Test‘l‘?

and Test 3 and at the .06 level for Test 2, pairwise t~tests
‘were usea-to_compare the SR-group and the NR—group, and the
uR—group and the _,NR—group on all three tets. The results

of these t—tests h?ve been summarized in Tablés 5 and 6.

.

b . -, 'Insert Table 5 about here

e

¢ : E B S

S SR P Insert Table 6 about here




Conclusions, Limitations and Discussion -

/)J

Significant statistical eVidence was found to indicate
’ r a t B . ’ :

that the use of a concreté model of the mathematical Sub-
fsjegt'matter presented to the subjeots in‘phis study did have ”§ .
a facilitatina effect for the level of transfet‘designated“‘ '
‘gs Specialf%ation.' A~oertain consistency of.the facilitating;f
effect.of the concrete modelron speciali;gtion and Senerali-*;
. _ . \ ; . ‘
zation was also found, but the effect on generaiization‘was

-

not significant at the .05 level The third-level'of transfer,_
¢
however, des1gnated as reasonlng by analogy was not affected

’tsggnificantly by the use .of IM as a verbal mediator. A

v

poss1b‘e explanatlon for this is that the learners who /
v were able to tranafer the principle of clock addltlon as

suggested by the concrete model of the clock,'did not see ..
. N 2 . - N .
*r.at, the operation 'addition' was an integral part of that

srinciple which could be replaced by,'multlplication' with=-

out changirg the basic structure of the principle.

' - No evidence was found to suﬁport the hypothesis that

the treatment group rece1v1ng three examples, would/out—

LR

oerfovm on "each of the three transfer tests the group re- . e

ce1v1ng only one example. One poss1b111ty is that for the

\ opu;atlon of thlS study, the léarnlng of modular addltlon

was,an 'all-or-none' phenomenon in the sense that the SubjeCtS

' learne& everything from one exampLe and nothing new fromftgyz

two additional examples. An alte&nate‘exglanation}@ay'?e-found




.

in discussing a possxble ratlonale for us1ng
three examples. That rat;onale seems to be ‘that students

" will be able to see s;mllarltles betwéen examples and -
Y]

'~abstractf_pr1nclples wh1ch they then mlght transfer.
If.a(mathematfcal)subjectumatter;is suffiently complex,'how-
" ever, this discovery of a principle rrom lookiné at o L
several instances of it, may not.take place: ~

| Significant‘variation acrossg levels of rule given. . -

» .
~ . : 13

provided evidence tHat there was difference if efficiency

® e

across the three treatments designated as NR, SR and GR

¢

'w1th the restr1ctlon that the s1gn1f1cance level for the’
/

2
F-ratl;ﬂfor Test 2 was 06 and not .05 as had been anti-

cipated.1 Fog,all three levels of'transfer; the.'rule—giVed'
LOUPb outperformed the N —group. In éeneral 1t can'.be sa1d

“nat the rules presented a Vérbal medlators to the learner

[N
*

i:d enhance all-three levels of transfer of the matle— V; .

.
.

mat1cal;subject natter. . . v Y
When evaluating the results and the.conclﬁsionsy
certain. 11m1tatlons should be cons1dered ‘The“sample was .
:elatlvely small and limited. Only one Junlor h;gh school .
was lnvolved which was located in a rural area.’Only one |

partlcular subject matter, medular addltlon, was taught and

ceSted fhereforenthe results of this study may depend to

-~

\
a certaln extent on the nature of the concepts 1nvolVed

Instructlon was provmded by means of programmed ‘booklets o ' i

. \

N
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which is quite different frpm a normal classﬂpom situation.
This investigator believes, however, that if a classroom
teacher, even in a different school setting and'a different

age level, would use the same verbal mediators, the same

a

kind of facilitating effect would be observed.
In considering implications of the foregoingfre-
sults, it can be said that it seems possible to indute trans?ér‘

of learning by meahs of appropriate verbal mediators.

Espec1ally rules and concrete’ models as verbal medlators seem

-

to facilitate transfer of learnlng. Both these Ievels of

medlators are ‘particularly relevant to math;matlcs instruction,
‘ o . o a

since many mathematlcal concepts can be’ summarlzed 1n the

r

form of rules and 1llustrated by concrete ﬂodels . Th1s, of
course, does not mean that these verbal meélators cannot o

be used in numerous other subject areas., It also seems
‘ ’ ' X

o

pGssible to identify different levels of transfer which then'
can be facilitated by different verbal mediators. Matching'

a cevtain verbal medlator w1th a certaln level ot transfer_
) E
may produce ‘the | largest ampunt of transfer. It also seems

cnat transfer of learnlng is ﬂot automatlc,.since the treat-
ment cells thatydie not receive any or all of the Verhal

umediators perfermed significantly lower/on the transfer tests
.than E?e treatment Qroups presented.with the werbal mediators.
Thus, ft seems that transfer of learning does not automatically

follow from any kind of lnstructlon,.rather, if transfer is -

de81red, one has to teach for transfer.

10.

N
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Analysis of Variance Summary Table tdr. Test 1 (Specialization)

. . . Y . . N e
s - Squrce df M . F-ratio Pop
7 Total 82 39.13
- e Between 11, 58.35 ‘ \ ) _ o ) .
S © Imtroductory 1 217.59 6.00 $02% . /
| Material _- o * \ :
Examples 1 - 16 - L B : IR
q'.‘ Rules ' 2 150,92 ',,\’_:}»H.']' 0P -
X . ! . ’ ’ m : T
iM X EX 1 13.62 .38 .
o 0 IMXR 2 21,25, .59 . .TF ‘
L Ex X R > 888 ..25 a0 -
- . IM X Ex X R ? 23.537 65 .58
, Within 71 36.15
. 14 . -
By N §
v * significant at the .05 level
' C e ; v, . s
8




~ TABLE 3

Analysis of Variance Sumhary Table for Test 2'(Genépaliﬁation)

oo 7

Sourcc
Total
Betwecen

troductory
Material

wxamples
Ihi]azs
X Ex ,
IXR
‘ Ex X R
IM X Ex X;R

Within

daf

81

ll%

70

MS

20.62

22,37

SSOBh
5.72
57.15

14,088

5.0
11.10
10,96
20435

Feratio

Y

p

10
N
.06
o1i0
.76
59
59
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/ . Analysis of Variance Summary Table for Test 3 .(An_alory)a‘
R Sourcs - df M T-ratio P
\ . . »~>A » ° . -
- Total 13 26.39
- i
Between 211 .35.39 ¢ -
- ; | | ‘
Iniroductory L T
Material 1. .11.08 S 1 .51
Examples 1 6.60 @27 061
. . Rules ' l o 113.41 ‘b7 .01
i! }
7 IM X Ex hl 2.55 J0 .75
Is L N . .
; iM X R e 32,3k 1.26 . 029
B}
I .
Ex XR ~ 2 18.68 .75 L8
. ‘ { .
Within 62 2hJB80
# significant at the .05 level }
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L {Test Summary Table for Comparison of N‘RT Group and’

" L. TABLE S

1

<

16

Sa-Group |
‘Test 1 Test 2 Test.3 = .
. (Specialization) (Generalization)  {Analogy) *
- R SR IR SR NR . SR
X\ o Mean 12,16 16.5% 8.12 10.61 n.llé 15.33
dr’ .52 45 BN
t 2.53 2,1 2:99
PR .01 L03% .005%.
- . (\ .- .. ! ~
n 26 28 V. 26 28 2l 27
# gignificint at the 405 level
iy m
- ” ° [
S
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T L - t=Test Summary Table for Comparison, of NR - Group e
\ . | ~and GR-C_"roﬁp .
! Test 1 S Tves't.'QC' o, Test 3 ~ .
“ (Specialization) - (Generalizition), - (4nalogy) ", | .
. : MR GRE . NR. GR; g on
. mMean |12.46 . 16.24] 8.22° -10.36. | 126714035 | -
IQ . d.f . . 53 : . i ) 52 . . - p | hs | | . .- _
:: | | ° 7‘ | tv i a _.2‘.29 ‘. A"_ R - '. 1.92 ‘ . . ‘ ° 2 2.0L* : ) :
3 | °p | -0.2* o 0567 ) T og0h o
n | 2% 29 .| .26 8 | oh 23
' . . . . fl N oL . -

*© «signilicant at the';05 level N N
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