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. Abstract

¢

This experiment té&ted the hypothesis that combining operationdl 'strate-
gies withdf}ee verbalization facilitates development of competencies, percepts

of self-efficacy, and interest in arithmetic activities. Children lacking di-
)

L3

i;jjon skills received treatments in which they either verbalized division
rategies, verbalized freely, did both, or did not verbalize while learning

4 .
to solve division problems. Results showed that combining operational strategies

with free verbalization produced greater skill deveiopment, higher percepts of
o

efficacy, and greateerubsequent interest. Free verbalization alone led to
X 13

equally high skill development. Verbalizing only strategies resulted in no
? g

benefits compared with-not verbalizing. Regardless of treatment condition,

self-percepts of efficacv were positively related to arithmetic interest.
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" Development of‘Children's Achievement gnd Interest

Through Overt Verbalization

.

Influential work in speech development (Luria, 1959; Vygotsky, 1956)
indicates a stage progression of increasinrg verbal se]f—control of behavior,
beg1nn1ng with ‘external guidance, progressing to overt self-guidance, and
cu]minatno; in Zaxert verbal self-control. Although this evidence sucgests :
that seif;Qerbalization can facilitate the :cquisitionoof ski]]s, research-

a- not clearly supported this idea. Some studies have found that ;erformance
is 1mproved when children verbalize aloud mater1a1 to be remembered or'1ns*ruc-
tional strategies to be followed (Levin, Ghatala, Wilder, & Inzer, 1073,
Meichenbaum & Goodman, 1971; Taylor, Josberger, & Whitely, 1973 Whitely &

Taylor, 1973). Other investigators have failed to find any benefits of self-

verbalization on children's skil1ful performance comnared with training pro-

Ey

g cedures that do not involve verba]ization'(Denney, 1975; Denney & Turner, 1979},
ST 5 : .
nor do treatments preventing self-verbalization lead to gross performance

decrements (Kemp & Pérry, 1979).

’One factor that may-help explain this 1ncons1stency concerns the type of
verba11zat1on that chlldren engage in. For example, children can repeat
specificstatemgnts such as the exact words of the experimenter. Such verbali-
zations should promote performance in that they have attentional effects {Levin,

Ghatala, DeRose, #ilder. & MNorton, 1975). While some research (Coates & Hartup,

1969) has found them to be effective, other (Denney, 1975) has not. It nas
e

heen suggested that structured repetition may promote performance more on tasks
req Nring memory than on “huse demandinq more integrative or constructive €09-

. . . ! o~ . . o
ni1tive activity ishatala, lLevin, Davis, & Truman, 1a press). |
’ |
/
~
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Conversely, children can construct their own verbalizations. As
before, the effectiveness of seif—generated verbalizations has been

-~

demonstrated in some studies (Asarnoﬁ & Neichenbaum, 1979; Meichenbaum
& Goodmén, 1971; Taylon, et al., 1973; Hhite;y-& Taylor, 1973), but not
in o%hers (Coates & Hartup, 1969). One possibility is that freg\
vgrba]izations aré’ﬁost Bffective when they focus attention on the prob-
lem-solving process and help ti; strategies to specific oroblems. Effective-
ness is limited when they are overly difficult to generate or interfere
witb attentional processes.

One purpose of t%e present study was to, compare the effects of
strategy verbalization, alone and in combination with those of free verbali-
zation, in the acquisitionof cognitive competencies. A second burpose was
to extend the research on self-verbalization to the develooment of self-
efficacy. According to Bandura (1977, 1981), influences chanae behavior
partly by creating and strengthening percents of self-efficacy. Self-
efficacy is concerned with judgments of one's capability to perform given ac-
tivities. As persons develop higher anh stronger self—%ercgpts offjgficacy,
they are more apt-to engage in the activity, oersisi in thewface offdifficulty,
and demonstrate greater achievement. !

In developing self-efficacy, understanding the nature of task demands pro-

vides a standfrd against wnicn to compare and judge the .adequacy of performance.

As children gain mastery, they perceive themselves as increasingly more efficacious
problem so]bers. 8y focusiny attention on the strategies and processes of prob-
lpm\xo]vnng. verpalization should aid understanding of task demands and personal N
cSpri]ities. On tﬁe assumqﬁion that combined self-verbalization heips children

match appropriate Strategies to task demands, it was expected to enhance the

.development of co@pétenqies and perceived self-efficacy.

-
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A third purpose of this“stddy was do examine how self-efficacy is related
to task interest. Interest research has tended to focus on the effects of
extrinsic rewards on high jnitial interest (Karniol & Ross, 1977; Lepper &
Greene, 1978 Rosenfieldy Folger, & Adelman, 1980; Ross, 1975). However,
little research has been conducted on the conditions under which interest
develons when it is low to begin with. .

Both self-efficacy theory {Bandura, 1981), and the theory of intrinsic moti-
vation (Deci, 1975) posit pérceived competence as a mediating factoq in the de-
velopment of interest. In support of this hypothesis, Bandura and Schunk (in
press) found that nerceived self-efficacy fostered thrgugh self-directed study
was, positively related to subsequent intrinsic interest in the activity.

Perceived efficacy was expected to be associated wi th high interest across
all treatment conditions. However, to the extent that children ;\rgadve them-
selves as more efficacious as a result of skill acquisition througn verbalizing
ge]f—gu1dance along with strategies, they should exhibit increased subsequent

interest in the task.

HMethod

Subjects ‘ AN

The subjects were 44 children (M = 10 yegrs, 7 month;) of oredominantly
middle-class backgrounds. The 21 males and 53‘females were drawn from nine
public schqol elementary classes. Teachers initially identified children who

lacked,skills in arithmetic division. These children were then individually

administered the pretreatment assessment by an adult tester.

{
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Pretreatment Assessment

Interest test. The interest test was administered during the first session.

Children were provided with two stacks of papers each consisting of eight pages.

One stack contaived four rows of digit-symbol problems per page adapted from the

Wechsler Intelligence Scale for Children (Wechsler, 1974)1 The other stack con=

tained three division problems per p#ge of varying difficulty. Children were

informed that they could work on digit-symbol nroblems, or d4ivision oroblenms,

or on both; the choice was theirs. Children worked on this task alone and out

of sight of the tester for 30 minutes. The measure of interest was the number’

7/

of division problems children worked on.

Self-efficacy judgment. Children's percepts of se]f-efficacy for solv-

ing division prob]ehs were measured on .the day after the interest test f0116w-
ing procedures developed earlier (Bandura & Schunk, in press; Schunk, 1981).'
The efficacy scale ranged from 10 to 108 in 10-unit intervals from high un-
certa1nty, through intermediate values of-uncertainty, to complete. cert1tude,
where the h1gher the scale value, the s{f;:ge‘ was the perceived eff1cacv
.n1t1al]y, children were given practiczs with the efficacy assessment. Following
this pracgice, children were shown 14 sampie pafrs of division nroblems

for about 2 seconds each. This procedure allowed children to assess

problem difficulty but the time was too brief to attempt to solve the prob-,
lems. The two problems constituting each pair were similar in form and
operations redﬂired. For each pair, children priJately Jjudged thair certainty
of being able to solve the'type of problem depicted by circling an'efficacy .

value.

~1

-
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Each pair of problems corre;ponded in form and operations required to
one prop]em on the subséqdent skill test but they were not the same problems.
Children were judging their capability to solve types of problems and not
whether they could solve any partipular problem, ~The measure of se]f-efficaéy
was the humber of jdabments children recorded in the upper haif (above 50} of
the efficacy sca]é. _ ‘ !

{

Division skill test. Imnediately following the efficacy assessment,

children received the skill test, which consisted of 14 division problems

graded in-difficulty and ranging from 1-3 digits in the divisor and 2-5 digits
. i
in the dividend. Of these 14 problems, 7 were similar in form and required

'operations to the types children solved during the training sessions. The

- .

remeining 7 problems were more complei and were included as measures of gener-
alization. For example, during train{nq children pad to "bring down" numbers
only once or twice, whereas a generalization problem required children to bring
dewn three numbers. The measure of skill was the ni-ber of problems in which
children correctly applied division operations. Problems with small computa-
tional errors--as in subtraction--were scored as correct.

The tester presunted the problems to children one at a time with instruc-
tions to turn the page over after fhey finished the problem or chose not to
work on it any longer. The tester recorded the time cHildren spent with each
problem. These persistence times were surmed across problems and averaged.

~

Training Procedures

Since this study focused on processes by which competencies can be developed
when they.are initially 1a§king, children who correctly solved more than four
probiems on the s¥ill test were excladed from the study. Ch{]drcn were randomly
assigﬁeq vithin sex to one of the fo]iowinq four conditions’of 1l subjects each:

-

strategy verbalization, free verbalization, strategy-plus-free (combined) verb-

8

alization, no verbalization.

»Y




On consecutive school days, children received two, 45-mipute training

éessions, during which they worked on two sets of instructional material.
Each set followed a-similar format excep£ that the first set covered one-
digit divisors while the second set covered two-digit divisors. The first
page of each set explained how to work the‘prablems in the set. This page
contained one step-by-step worked example that involved bringing down one

number. Next to each step appeared a brief written strategy descriptor:

check, multiply, check, copy, subtract, check, bring down. Since the prob-

lem presented on the explanatory page required that one humber be brought
down, the entire sequence of seven verbal descriptors appeared twice on the )
page. The second page in each set contained a practice problem. The next
15 pages contained twc problems per page for children to solve.

"For each <ession, childien were brought individually to the room by an
adult proctor at staggered times a&d were seateq at desgs that faced away
from one another to dec]ude visual contact between chi{dren. The desks were

sufficiéntly separated so that children could not overhear the verbalizations

of others.

N,
¥

Initially, the proctor reviewed orally the explanatory page with each
child {ndividually. The proctor read\from a separate narrative while pointing
with a pencil to the relevant operations. As part of this nar;ative, the proc-
tor verbalized the verbal descriptors at the appropriate points. Following
this explanation, the proctor gave the verba]izatiop instructions depending
on the child's experimental condition. To insure that children understood
these instructions, children solved the practice probiem in the proctor’s
presence and verbalized as instructed. The proctor then retired to a loca-

tion that was out of sight of all children. At the end of each session, the
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proctor ﬁhecked, through a series of questions, to insure that children in
the verbalization conditions used the verbal procedures suggested to them.

Treatmont Conditions

Strategy verbalization. Children assigned to this.condition were told to
verbalize aloud each of the strateay descriptors just before actu§11y applying
" _jt to the probiem they were solving. In this and the other verBalization con-
ditions, the proctor reiterated the appropriate instructions prior to the second

session. .

Free verbalization. The children in this condition were instructed to i?y
aloud whatever they were thinking while solving the problems. The explanatory
page provided to these children was idgn}ﬁca] to that given to strétegy veréa]—
iz;tion children except that the strategy descriﬁtqr words were omitted. This
was done to insure that these children would not simply verbalize the descriptors
and thus merge into the strategy condition.

v

Strategy-plus-free (§Cmbined) verbalization. These children were instructed

to both verbalize aloud tpe strategy descriptors and to express their spontaneous

thoughts while solving th% probiems. Since these chi]dren'were asked to verbal-

ize the strategies, their explanatovy pages contained the descriptor words.

. N »
No verba]izatk@n. These children received the same instructional material

as children in t.e other conditions but were given no verbalization instructions.
Their explanatory pages contained the descriptor words to control for the effects
of providing the words included in the two strategy conditions.

Posttreatment Assassment

The posttest was administered individually by a tester 1-2 days following
the second training session. The procedures were similar to the pretest except

that a parallel form of the skill test was used and self-efficacy was assessed

10
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7
before and after the skill test. The self-efficacy assessment prior to the

4

’ sk11] test yields a measure of ‘treatment effects, these scores can also be
used‘to determine how well eff1cacy Judgment predicts subsequent pers férmance.
The efficacy‘assessment after the skill test shows whether perce1ved efficacy
is affected by test performance; these scores can also be re]afed to subse-
quent interest. The interest test was readministered within a week of the
posttest; this delay minimized potential satiation effects due to extensive
exposure to divisibn during testing and training. ’
. Results

Preliminary analyses showed.that there were no significant differences due
to tester or sex of the child gon any pre- or post-treatment measure; the data
were therefore pooled across these variables.” There also were no significant
differences between treatment conditions on any pretest measure. .

Pre- and post-treatment means and standards deviations are shown by experi-
mental condition in Table 1. Within each condition, intrasubject changes on eazh
measure were evaluated using the t test for correlated scores (Winer, 1971).
These values are shown in Table 2. Pnalysis of variance procedures were applied
to the posttreatment ~easures with the feur exherimental qroups constituting the
treatment factor. S1gn1f1cant F ratios were further analyzed using the Newman-
Keuls multiple ccmpar1son test (Kirk, 1968).

@ -  §m - - e T e

A

A1l experimental conditions showed significant improvements in division
. . ¢ :
ski]l, as is depicted in Table 2. Analysis of variance of the posttest scores

yielded a significant treatment effect, F(3, 40) = 6.89, p £ .001. Newman-

¥

Keuls comparisons showed that although the free and combined verbalizaticn con-

[}

“ditions did not differ from each other, they both produced greater skill im-
" provement than did-strategy verbalization (p¢.01) or no verbalization (p¢.05).

The latter two conditions did not differ from one another.

11

2y A ¢
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Persistence

Table 2 shows that all experimental groups showed a significant pre-posttest
jmprovement in the amount of time they perservered at problems. However, there
were no significant between-condition posttest differences on this measure. Treat-
. ments, therefore, affected persistence uniformly.

Self-Efficacy

Pretest scores were compared to posttest scores collected prior tc thé s«ill
test to determine the effect of treatment. As shown in Table 2, the conditions
showing a significant improvemeni were combined verbalization and no verbalization.
The changes for strategy verbalization and free verbalization children were at
borde}line levels of significance. Analysis of variance of these posttest scores
revealed a significant treatment effect, F(3, 40) = 3.42, p<.05. Combined ver-
balization children exhibited a significantly higher level of self-efficacy (p ¢
.05} than did children in each of the other three treatment groups, which did
not differ from one another.

Posttest! perceived efficacy scores coliected hefore and after the skill
test were also compared to determine whether test performance affected self-
efficacy. In this comparison, children in both the strategy verbalization and

free verbalization conditions increased their perceived efficacy.

Correlational Analyses

Correlational analyses were conducted to gain further informatién on the
relationship between theoretically relevant variables. Two significant cor-
relations were found among the posttest variables. Children's percepts of
se]f-efficaEy"measured before the skill test were significantly related to
subsequent skiliful performance, r(42) = .33, p < .05. Persistence was also

significantly related to accurate problem solving, r(42) = .75, p < .01.
. {

12
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Interest

Table Z’revea1s that only combined verbalization children showed a signifi-
cant 1ncre;;e in arithmetic interest from pre- to posttegt. The between-condit*ion
posttect comparisoanor this measure was highly significant, F(3, 40) = 5.96, p<
.002. Individual group comparisons showed that combined verbalization children

/

sexhibited significantly greater interest than each of the other treatment ‘condi-

(3

tions (p<L.01).

As suggested'by previous research (Bandura & Schunk, in‘press), perceived
efficacy may relate to interest in at least two ways. A moaerate degree of ef-
ficgcy may .be necessary for interest to develop, but further increases in effi-
cacy do not give rise to increasingly higher interest. To test this théesho1d
hypothesis, posttest efficacy scores collected after the skill test were cor-
related with interest scores. Efficacy was represented as a cateqorical variable B
with scores in the upper half of the scale defined as efficacious and those in
the lower ﬁa]f defined as inefficacious.. Cerrelations were computed separately
within each’experihental condition and were averaged using an r to z transformation
since there was no‘significant between-condition difference, (Edwards, 1975).

‘This hypothesis was supported, 5(42) = .45, p<0l. Regardléss of treatment,
*therefore, the higher that level .of -self-efficacy was following the posttest,
the more interest that was subsequently exhibited.

Alternately, perceived efficacy and intgrest may be related in a linear
fashion; that is, the higher the efficacy, th% more interest shown. To test
this linear hypothesis, children's posttest efficacy scores collected after the
sk111 test were again correlated with interest scores, but for this analysis,
etfigacy was represented as a continuous variable and was computed b, summing
cmiidren s actua? efficacy judaments and dividing by the total number of problenms.

For this aralysis, a significant between-condition difference was found. ‘ean

strength of self-efficacy was positﬁbely related to subséquent interest for tombined

fonad
o
r
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verbalization children, r(9) = .86, p {.01, and for no verbalization subjects,
r(9) = .72, p .92, but not in’the other two treatments.
Disgyssien
The present experiment c]arifié@ the role of verbalization in the develop-
ment of cognitive skills. Combining solution strategies. with freg verbdlization
fostered development of skills, persistence, aqd percepts of efficacy. In con-
trast, the other treatments had variable effectst\ Although equally effective }n

) .
promoting persistence, none of\the other treatmgntswas as effective in promoting

percepts of ef%icacy, and only free verbalization insfi]]ed skill equally ye]].
The superiority of the combined verbalization treatment may be explained as
follows. Verba]ié?ﬁg specific strategies has attentional effects (Levin et al.,
1975). Attentional focus on problem-solving strategies increases under-
standing, of task demands, which is necessary for thg development of veridicat
self-efficacy (Bandora, f§81). whgn.strategies aré supplemented with self-
generated verbalizations that tie strategies to specific problems, subjects are

likely to perceive the progress they are making. Clear evidence of progress en-

hances self-percepts of efficacy, (Bandura, 1981).

Free verbalization alone was effective in promoting skiil but did not enhance
efficacy as did combined verbalization. Lacking the benefit of strategy descrip-
tors, the children ip/;ﬁis condition had to infer the solution steps from the
exemplar provided. Because they received no feedback indicating whether their
inferences vere correct, free verbalization children may have been less sure that
what they were doing was correct. Such uncertainties would retard self-efficacy
dev~Topment. However, the inferential activity that they engaged in promoted their
shills,

Surprisingly, verbalizing strategics alone was no more effective than was

Z
L
merely providing training. This result is consistent with findings reported by




Ty
~d
Overt ‘Verbalization

13.

-

Denney (1975) that reretition of problem-solving strategies produced no benerit
over and above observations of models. As suggested by Ghatala-et al. (in press),
jt is possible that such structured responding results in rote-like cognitive
orocessing. Despite the attentional benefits, such rote activity might not facili-
tate comprehension of how to apply the strategies. This would be especially true
for tasks requiring intearative activitv, such as those of the presént'studyl
Since no verbalization children had access to the same information as strateay
verbailiza*ion children, they had an adequatg basis for developing skills.

Th1s research provides support for the idea that the development of inter-
est is in part a function of percepts of self-efficacy and also glarifies this
relationsnip. Regardless of treatment condition, children whe judqed their arith-
metic efficacy at mggerate to nigh levels later showed more, interest in solvinag
such problems. Thisu finding i%éconsistent with previous researcn (Bandura & Schunk,
in press), =*d suoports the idea that the develooment of interest is in part de-
pendent on 1:ncreases in perceived efficacy. However, it was primarily children in
the combined verbalization condition who showed the most interest. Compared wi th
the ctner treatments. these children aained the strongest percepts of selr-efficacy
as a result of treatment.

The proceduré?“cmv]oyod in the combined verbalization treatment ‘seem well-
si.ited to promote interest. Because they convey the nature of the taSk demands
an-s pramote application of strategies to problems, they also highlight the per-

'

ception of develcoing —astery. As one's sense of mastery improves, one should

te more likely tu enaaje in the task when not required to do so. These consider-

ations suggest that cther treatments would promote interest provided they accurately’

convey task demands and promote the perception of progress. Research is needed

an “ne effectiveness of 1ther treatments in fulfilling these functions.
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Table 1 % ¢
Pre- and Posttest Means and Standard Deviations .
N Meauré Phase Strategy Free " Combined No
Verbalization Verbalization Verbalization Verbalization

&
] DM DM o M )
Pretest 1.3 . 1.5 1.8 1.7 1.8 1.4 1.6 2.0

ski11® . ;]

Posttest 5.7 3.8 10.5 3.6 10.9 »?2.0 6.9 3.5

. Pretest 341 187 38.8° 28.8 0.7 25.1  35.0  16.9
Persistence’ —/ . - )
. Posttest  81.5 37.3 114.9 485 111.9 29.9  99.4  47.9

Pretest 3.2 3.1 3.8 4.7 2.7 3.0 3.7 3.7
Self-Effjzacy® Posttestid 5.5 4.2 6.7 4.6 10.7 2.5 6.0 5.3 .
& Posttestze 8.5 3.6 10.6 3.6 11.8 ‘3.1 7.6. 6.0
T . .

£ Pretest , 5.1 5.0 3.5 4.1 3.9 6.0 3% 3.3
Interes: .
' Posttest 4.0 5.1 5.0 5.7 12.8 7.0 4.7 4.3

x
4

Note. N =4d4;n = 11. : ‘

a ) "

Number of accurate so1utions\<? 14 problems.

bl
baverage nuzber of séconds per problem.

Chumber of efficacious judgments .on 14 probiems.

d Vs
Measured before ths skill test.

v

Cueasured after the skill test.

f
Number of division problems completed during interest test.

———
s
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Table 2
Significance of Intragroup Chigges (t values)
Measure Strategy Free Combined No ¥

Verbalization Verbalization Verbalization Verbalization

skill , 4. 25+ | gLGgrRH 12.22%%%% " 5. 32wk
b

Persistence 3.58%** s §.29%** 6.73%=** 4.13%**

Sel f-Efficacy

. , ' S -
Pre vs. Post 2.12% 1.97% 6. 6axrIR 2.70%*
Post,vs . post, 3.36%* 3.36%%* 0.90 1.50

Interest -0.75 0.65 3.00%* 0.63

Note. Measures are described in Table 1.

* p (.10

** p .05
*k b £.01 \
xaxk p 001




