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VERBAL MEDIATORS IN MATHEMATICS FOR TRANSFER OF LEARNING

El friede Wenzclburger, The University of Texas at Austin

The problem of transfer of learnihg, which can be

described as a c*dncern about how immediate skills, under-

,Itanding,'attitupes and other learned functions influence

behavior in a diversity of subsequent situations, has been

a topic for numerous research studies and theoretical writings.

.Wittrock (1960) proposes an approach to research on transfer

of learning which involves the use of a theoretical model.

One of the mod is he proposes, is called a mediated generali-

zation model ok mediated verbal transfer model. A mediated

generalization model provides a useful way to conceptualiie

verb4lly mediated transfer; this means that words and other

verbal (stimuli are used to make distinctions and generali-

zations hot readily apparent to the learner otherwise. Studies

by Wittrock and his associates (Wittrock,.1963 b; Wittrock &

'Twelker, 1964;Wittrock, Keislar & 1964; WittroA, 1967;

Wittrock, 1969) dealt with the effects on_learning, retention'

and transfer of such veybaa mediators as rules and examples.

. s
This report represents a portion of the author's (115c-total

dissertation conducted under the direction of Dr.L.Ray Carry
University of Texas, Austin.



Though the result of, these, studies appear to be highly

relevant to instruction, the generalizability bf-the find-

ings beyond the learning laboratory is somewhat doubtful

because of the type of learning tasks used ( abstract card

tanks, cryptograms, coded sentences and'the like).

This study was an investigatioh of the,effect of

selected verbal mediators on levels, of learning triansfer

that may occur from learning mathematical Concepts in-a class-

room situation.

Method

The mathematical subject matter of modular addition

was taught to the experimental subjects by means of programmed

booklets prepared by the investigator. The verbal mediators*

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

.rules '(R). The IM consisted of a presentation of addition:

on a 12-hour clock, illustrated with diagrams. The Ex co'n

sisted of addition modulus five (mod or addition mod 5,mod 6

and mud 7 respectively. -Two types of R were used, called

specific rule (SR) and general rule, (GR), SR was a definition

of addition mod 5 and GR was, a definition of addition illod n.

% The levels of' transfer investigated were specialization,
4

cjeneralization and reasoning by analogy. Specialization was

operationally defined as passing from addition mod 5 to

addition mod 3 and 4. Generalization, was operationally defined.



as passing from addition mod"5 to addition mod n, and reasoning

by analogy was defined as passing from addition .mod 5 to

'multiplication -mod 5. The terms specialization, generalization

and reasoning by analogy were used in accordance with the

interpretation given to them by Polya (1954).
.

The., three verbal mediators used in Ehe.study

determineWthe three indepehdent-var4bles; they were:

IM OcLth two lavels: use of IM and no IM), Ex (with two

levels': one Ex and three Ex), and R (with three levels:

SR, a4 and no R (NA) ). Thus the experimental design .was a

2 k 2 x 3 factorial design ,with fixed effects.

The specificspecific gueitions asked were:

I. Does the use of concrete models of a mathematical concept

presdnted to. the earner as e verbal mediator 'facilitate the

levels of transfer identified as generalization, speciali-

zation and reasoning by analggyo ?

2. Dots the use oCthree examples rether than one example

of apathematical concept presented to the learner as a
0

verbgl mediator facilitite the leveld'ofetransfer identified

as gerpralization, specialization and "'reasoning by analogy ?

3. 'Does' the use of rules presented to thee/learner as verbal

mediAtors facilitate the lev9ls'of-transfer identified as

gen alization, specialization and reasoning by, analogy ?

a These guedtions,gave rise, to ithre4 major hypotheses:

"

.

,

1.124e mean test score for the IM-grOuP will be significantly,
3 . ,,



.

higher than the mean test score for the no-IM. group on each

of the three levels of rahsie , - . .

2. The mean test Score .for th three Ex-group will be sighi-,.

cantiy higher than the mean test score for the one Ex-group

on each of the three levels Of transfer.

3.Theie .will be-significant variation of.mean test scares

. across levels Of rule given in the performance on. each pf the

three levels of transfer.

Instructional booklets and the criterion tests,

which were designed to measure specialization, generali-

zation and reasoningIbY an0Ogy, were pilot tested in two
e

40
pilot studies. The population for, the study consisted

of 104 seventh grade students at Leander Junior High School,

L

Leander, Texas. The Ubjectswere randomly. assigned,to tWelve

treatment groups resulting from th- 2 x.3 factorial design.

The experiment was/administered by the i estigator during

frve days. Instruction was qiNien during three days and two

days were used for testing. The validity of the thee transfer

tests as a measure of the'levels of transfer was judged by

three mathematics.educators *ho also judged the tests to be

valid as measures of the content taught. As a religbility

measure Cronbach's alpha (1951) Ifthas.used which was. .4)0 for the

Specialization Test (Test 1), .83 for the Generalization Test-

(Test 2) and .85 for the. Analogy Test: (Test,3),,,

e



ResultO

The performance of subjects in different treat-

ment groups was compared using a three-way analysis of

variance: The actual computatio. for the data analysis

ere carried out using Veldman's (1967) computer program.

AVAR23. The means and seandard deviations for Test 1, Test 2

.

and Test 3 are given in Table 1.

Insert Table 1 about here

The analysis Of variance summaries for each one
t.

of the three tests are presented in Tables 2, 3 and 4 res-

peCtively.

Insert Table 2z about here

Insert.Table 3 about here,

Insekt Table 4 about here:
V

From Tables 2, 3 anc1.4 can be-seen that the use o

IM prod d an effect significant at the .05 level on



Test I. ,For Test 2 he F-teSt failed to reach significance

at the .05 level, hoWever, the associated probabilityy

was ;099, suggesting that a consistent effect may have been present

but not to a significant degree. For Test 3 the F-test failed

to reach signifi ance: Tables 2, 3'and 4 also indicate that

the F-tests for the 'numbqr of examples' main effect yielded_

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 significance at'the'

'1.05 level, while the F-test for Test 2 did not reach signi-

ficance; the probability associated with the F for Test 2,

ti

howev...r, was .064 suggesting that a consistent effect was

present, but not to a significant degree. Since Hypothesis 3.

was statistically co firmed at the .05 level for Test 1

and Tett 3 and at ih .06 level for Test 2, pairwise t-tests

'were used to compare the SR-gropp and the NR- group, and the

G4-group and the BR-group on all three tets. The results

of.these 't -tests have been summarized in Tables 5 and 6.

k

'Insert Table 5 about here

Insert Table 6 about here
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ConclusiOnsy,imitations and Discussion

Significant statistical evidence was found to indicate
r

that the use of a concrete model of the mathematical \Sub-

ject matter presented to the subjects in this study did have

a facilitating effect for the level of transfer designated.'

as specialization. A certain consistency of the facilitating

effect of the concrete model, on specialization and generali- s

zation was also found, but the effect on generatizAtionlwas

not significant at the .05 leVel. The third level of transfer,

however designated as reasoning by analogy was not affected

significantly by the use-of IM as a verbal mediator. A

possible explanation filar this is that the.learners who

were able to transfer the principle of clock addition as

Suggested by the concrete model of the clock 'did. not see

that, the operation 'addition' was an integral part of that

principle which could-be replaced by,'multiplication' with

out changing the basic structure of the principle.

No evidence was found to support the hypothesis that

the treatment group receiving three examples, would/out-
.

perform on "each of the three transfer tests the group re-
>

ceivihg only one example. One pothsibility is that 'for the
4

,opulation of this study, the learning of modular addition

wastan 'all -or- none' phenomenon in the sense that the subjects

learned everything from one eXample and nothing new fram.-tW

two additional examples'. An alternate explanationjmy be found

.

o-



in discussing a possible rationale for using-

three examples. That rationale seems to be that students

will be able td see Similarities.between examples and

then.'abstract' princples which they e might transfer.

If a(mathmatical)subject matter suffiently complex, how-

ever, this discovery of a principle from looking at

several instances of it, may not take place.

Significant variation acrossllevels of rule given.

provided evidence that there was ,difference it efficiency

across the three treatments designated as NR, S,R and GR,)

with the restriction that the significance level for the

.

/

F-ra..., for Test 2 was. ,06 and not .05 as .had been anti-

'

cipated. For
/ all three levels of transfer, the 'Tule-given'-

LOupb.oUtperformed the N - group. In eneral,'it can'be said

zat the rules presented a verbal Mediatorsto the learner
.

Aid enhance all-three levels of transfer of the mau,-,e

-.atical subject matter.

When evaluating the results and the conclUsions,,

certain-limitations should be considered. TheSaMple was

relatively small and limited. Only one junior high school

was involved which was located in a rural area.Only one

particular subject matter, modular addition; was taught and

.-ested, therefore-the results of this study may depend to

a certain extent on the nature of the concepts involved.

Instruction was provided by means of programmed booklets
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which is quite different frpm a normal classlpom situation.

This investigator believes, however, that if a classroom

teacher, even in a different school setting and a different

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

kind of facilitating effect would be observed.

In considering implications of the foregoing re-

sults, it can be said that it seems possible to induce transLr'

of learning by means of appropriate verbal mediators.

Especially rules' and concrete-models as verbal mediators seemtl

to'facilitate transfer of learning. Both these levels of

mediators are particularly relevant to mathmaticSinstruction,

-since many mathematical concepts can be summarized in the

farm Gf rules and illustrated by concrete models. Thisi of

course, does not mean tht. these verbal mediators cannot

be used in numerous other subject areas. It ,also seems
4

possible to identify different levels of transfer whiCh then

can be facilitated by different verbal mediators. Matching

a certain verbal mediator with a 'Certain level of transfer
4

may produce-the/largest amount of transfer. It also seems

that transfer of learning is idiot automatic,. since the treat-

ment cells thatvdid not receive any or all of the Verbal

4

m..-Idiators performed significantly lower on the transfer tests

than the treatment groups presented with the verbal mediators.

Thus, it seems that transfer of learning does not automatically

follow from any kind of instruction,;rather, if transfer.is

desired,, one has to teach for transfer.

10
a
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TABLE 1

ti

Meang and Standard DeviaLions for Tests 1, 2 aryl 3

Test 1

Specialization)

,
.

Mean , 15.07

Test 2 Test 3
(Generalization) (Ana1of1y

D

9.96 .0 15.00..

C 6.3 4.46 5.97

n 83
i

. f;5, . 76

Max, Score '25: 18 23

c,

12
d)



.TARLE 2

Analysis of Variance Summary Table dr.Test 1 (Spopialization)

Sgurce

Total

Between

Introductory
Material

Examples

4

df

82

11

1

MS

39.13

58.35

217.59

1.46

F-ratio

6.0r,

.ch

p

.02*

.84

,Rules 2 lq).92 h
.

.1' .02*
41

IN X EX 1 13.62 .38

v IM X R 2 21.25 .59 .r'4

i
N

Ex X R 2 8.88 . .25 .7n

,IM X Ex X R 2 23.53 .65" .58

Within '71 36.15

* significant at the .05 level

- 13
a
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TABI7E 3
.7

Analysis of Variance SumMary Table for Test 2 (Generalization)

1
Source

Total

Between

Introductory

df

31

11

MS

20.62

22.37

F-ratio

%

i

M4terial
3 55.34 2.72 .1()

:.x.amples 1 5.72 .2C .6()

Ru1,3s 57.15 2.81 .06

IM X Ex 4 1 14.88 .73
....

.40

IN- X R 2 5.114 .29 .76

Ex X R ,,gA 11.10 .55. .59

I?4 X Ex X R 2 10.96 .41 .59 ''.',

Within 70 20.35

14

0

13
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TABLE 4

mr
Analysis of Variance Summary Table for Test 3 (AnploryY`

Sour-op df MS F-ratio

Tota3 73 26.39

Between 11 35.39

Inixoductory
Material 1. 11.08 '.4r; .51

Examples 1 6.6o .27 .61

Rules 2 113.41 4.47 .01*

IM X Ex

I1 X R

E x K R

'1

t2

2

62

2.q5

31.34

18.68

24:8o

.10

1.26

.75

4

.75

.29

.48

* significant at the .05 level

15



1- TABLE 5

t-Test $utmary Table for Comparison of NEL- Group and

SR-Group

'Test 1 Test 2 Test.3 ,

(Specialization) (Generalization) (Analogy)

NR SR NR SR NR . SR

Mean 12.146 16.51 8.12 10.61 11.46 15.33

,
df' 52 . 4 , 52 ,149

t 2.53 . 241 2;p9

p
.

.01* .03*
/,

.005 *.

n 26 28 26 28 24 27

* eignificznt at the 0.05 level

'S.

4

1.6

0

15
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. TABLE 6
7

7

0

t -Test Suirrnary Table for Gothparis on. of NR Group
.

and GR -Group

Test .1 Test'2` "`v

(bpeCialization) (GerieralizattIon).
Test 3

(!t,nalogy)

Mean

df.

t.

p

NR GR ,

12.146 14.24

53

2.29 .

.02*

29

NR ". GR 4

8.12 10:36`..

. 52

.- 1.92

.0356'\
.26 28

4

NR. -GR

11..146 ',114..3
: e ,

145

.,

2.064

,o *'
24 23

...

s,

..
. .

significant at 'the ;05 level

4


