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Summary

In order to study the influence of the information-processing
strategy of an adult model on the subsequent sirategy of children,
216 grads- school students solved modified twenty-questions problems.
A3X2X 3X 2X 2 repeated-measures factorial design was used with
the following variables: (1) information=proc of model (hypoth-
esis scamming, constraint seeking, or control), (2) stimulus disp
(pictorial or verbal), (3) school grede (three, five, or seven), (L
sex (male or female), (5) problems (2 per S). Major results were:
(1) fewer questions to solution with the constraint-seeking model
than the hypothesis-testing model or control, who did not differ, (2)
both a higher percentage of constraints, and higher average mmber
of items included per question, with the constraint-seeking model
than the control or hypothesis-tes model, and with the control
than the hypothesis-testing model, (3) both a higher percentage of
constraints, and higher mmber of items per question, for seventh
than fifth and third graders, and for fifth than third, (k) signifi-
cant model by grade interactions for both percentage of constraints
and items per question, (5) no effects for stimulus display, sex, or
'~ successive problems on any measure,

Introduction

Bruner, Olvew, and Greenfield (3) assume that the orgamisation
of a child's cognitive processes will be reflected in the questions he
asks, and that the study of question asking is thms a method of extern-
alizing the child®’s intermal thought processes. In one of their experi-
msnts grade-school children played a medified game of "twenty questiens”
with the experimenter. The experimenter selected one object from aa
array of 42 drawings of cammon objects (e.g., a cew, sailboat, boy) and
the child attempted to determine what object the experimenter had in
mind by asking questions that could be answered by a "yes® or "no,”

In this situvation the authors distinguished two basic types of
strategies or probiem-solving methods used by the children: (1) hypothesis
rcamning, (2) constraint seeking, In hypothesis scanning the child asked
a series of unrelated specific questioms, e.g., "Is it the cow?® or "Is
it the sailboat?® For a child who used the strategy of hypothesis
scamning the mmber of questions necessary to solve the problem was de-
terxined purely by chance, and no underlying informatiom processing de-
monstrated beyond the simple ability to formmlate specific questions,

In constraint seeking the child asked a question comprehensive encugh to
nclude at least two objects, e.g., "Is it red?” or "Is it larger tham a
dog?” and hence gained informstion from either a "yes" or "no® answer to
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his question, The strategy thus required an ability to perceive and
categorize the objects in terms of subordinmation and superordination.
In general, the use of constraint seeking relative to hypothesis scan-
ning increesed with age, and corresponded to a change from perceptual
to functional, and from camplexive to superordinate, bases of equival-
me.

In a thearetical explanation of childrens® learning Bandure
and Walters (1, 2, 1) have formulated a developmental theary in which
the major concept is learning by imitation. Rather than the complicated
processes of successive approximations and reinforcements pestulated
by most learning theories, the child learns by imitating the behavior
of his forxal and informal models. Thus, the purpose of the following
experinent ‘ms to relate the approaches of Bruner et al. and Bandure
and Walters in a study of the information-processing behavior of ehildren
who had previously observed an adult model solve the probless by using
a strategy of hypothesis scamming or constraint seeking, In control
conditions the adult model simply posed tie problem to the child, but
did uot firs¢ solve a problem himself., Two typus of stimulus displays
were used, pictorial displays such as thcse of Bruner et al, and verbal
displays, in which words replaced the ¢ drawings (e.g.,
the word "cow” replaced the drawing of a cow). The subjects were equal

. mmbers of boys and girls in grades three, five, and seven,

Method

% jects. The experimental design was a 3X 2X 3 X 2X 2
repes torial with the following variables: (1) informatione
processing of model (hypothesis scanming, constraint, seeking, or control),
(2) stimnlus display (pictorial or verbal), (3) school grade (three, five,
or seven), (k) sex {-1. or femals), (S) problems (twe_ for each subject).
The subjects were 215 children fram four Chicago parochial grade schoels.

Six subjects were randamly assigned to each of the 36 experimental
treatments,
Information Di o The picterial display was the same as uved by

- )

et al (3), consisting of 42 drawings of common objects im a 6 X 7
matrix, The verbal display consisted of the lettered nemes of the same
objects in the same arrangement. A smaller sample pictorial or verbal
array consisting of 16 objects in a 4 X ki matrix was used t¢ demonstrate
the problem during the imitial instructions.

Provedure axd Instrusticis. In all conditione the experimenter instructed
The subjec” as Tollows:
"Here is a board with 16 drawings (words)., And here is a box with 16
pdeces of paper, one for each of the drawings (Qurds). First we will
take one of the slips of paper, and then ask questions to decide which
drawing (word) is on the piece of paper. You can ask any questions at
all that I can answer by saying "yes" or "no.” And you can have
many questions as you need, but try to £4=4 out the
fow questions as you can, All right? Now take a piece of paper from
the boz, but don't look at it.”




In hypothesis-scanning and cons raint-seeking conditions the experimenter
contimed:
"First T am going to ask the questions to decide which drawing (word)
is on the piece of paper, I'm going to show you one way to f£ind out
the answer, but you must remember that it is not t.e only way."

Ir hypothesis~scanning conditions the experimenter then asked a predeter-
mined memorized random series of specific hypotheses (e.g., "Is it the
dog?") until he solved the problem, Under constraint-seeking conditions
he solved the problems as efficiently as possible by a series of constraints
beginning from the standard constraint "Is it an animal?” After obser-
ving the sxperimenter solve the problem the subject then solved two
problems selected by drawing pieces of paper fram a new set of 42 pieces
corresponding to the pictorial or verbal arrey. In control conditions

the subject solved one problem from the sample L4 X 4 array and two from
the full array. In all conditions the problem was solved when the subject
asked the correct hypothesis, Four experimenters (two male and two female)
each ran a proportionate mumber of subjects in all 36 conditions.

Results

Means for the 36 treatment groups for mmber of questions to
solution, percentage of constraints, and average mmber of items included
per question, for totals over the two problems on the full stimmlus display,
are given in Table 1, Results of analyses of variance on the three measures
are given in Table 2, Since none of the main effects of successive problems
or any of its interactions with other variables were significant, both
Table 1 and Table 2 are for totals over the two problems only, omitting
means and analyses of variance for successive problems.

Number of Questions to Solution. The effect of the model was significant,
¥ (2, 180)= 3.9, D < .0b. By Duncan mnltiple-range camparisons the
constraint-seeking model resulted in fewer questions to solution than the
control ('ﬁ < ,01) or hypothesis-scanning (p < .001) model, who did not
differ, No other main effects or firsteorder interactions were significant,

?‘”"ﬁ of Constraints, Each question was scored as either a specific
ypo s or & constraint, The question was scored as a specific hypothesis
1t it referred to only one object (e.g., "Is it the cowt”), and as a con-
straint if 1t referred to at least two objects (e.g., "Is it an animal?"),
Thus, by definition a constraint could not be the final solution to the
problem, "Psuedoconstraints” (Brunsr et al, 3), or questions phrased like
a constraint but actually referring to only one object (e.g., "Does it have
a $a11?" when only one of the objects had a sail) were also scored, but
their mmber was extremely small in all conditions, and hence they were

not further analysed, The mmber of constraint questions was then divided
by the total mmber of questions on the problem to obtain the percentage

of constraints, The effect of the model was significant, P (2, 180)=30.13,
p < .00L, By Duncan comparisons there was a higher perc of constraints
With the constraint-seeking model than the control (p < .001) or the
hypothesis-scanning (p < ,001) model, and more for control than the




Table 1

“

Mean Number of Questions to Solution, Percentage of Constraints, and Average
Number of Items Included per Question, for Totals over Two Problems

Model Display Grade
Three
Pictorial Five
' : Seven
Hypothesis~Scanning
Three
Verbal Five
Seven
Three
Pictorial Five
Seven
Constraint-Seeking
Three
Verbal Five
Seven
Three
Pictorial Five
Seven
Control
Three

Verbal Five

Sex

Male
Famale
Male
Female
Male
Femsle
Male
Female
Male
Female
Male
Female

Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female

Questions

32.8
16.3

2

27.7
17.7
32.3
31.7
2,7
34.0
19.5
26,7
3.5
31,2
42,2
30,7
2.5
39.7
9.0
10,0
21,2

31.8
27.5

Number of Percentage of

Items per

Constraints Question

20
.16
.08
011
.83
032
«20
019
oll
16

21

61
23
1.17
1,03

Note: Maximum percentage of constraints is 2,00.

N

2.60
kb
2.46
l4.02
9,39
5.32
2,78
2,83
2,77
4.13
3.72
3.99

5.k
3.23
8.68
9.33
6.58
7.57
3.32
5.55
8.90
Te1l
7.20
7.52
3.53
3.76
T.17
2,72
L.89
5.80
5.82
3.30
551
L.01
7.85
7.57




Table 2

Analyses of Variance for Number of Questions to Solution, Percentage of
Constraints, and Average Number of Items Included per Constraint,
for Totals over Two Problems

Number of Percentage of Items per
Questions Constraints Constraint

Source d.£. MS FOM ¥ w F
Model (M) 2 596  3.30° 3.20 30,13 643 9.59" "
Display (D) 1 ¥ <1 03 (K1 B L
irade (G) 2 Bo 2.9 139 1304 6Ll 9.0
Sex (S) 1 82 2,67 .22 2,09 3.8 <1
MXD 2 W63 2,57 0T <1 12,6 1.88
MXG I 238 1.32 .27 2505 160 2.hk"
MXS 2 226 1,25 .03 K1 5.7 L1
DXG 2 308 1,70 .01 <1 S <1
DXS 1 52 <1 .09 (<1 H K1
GXS 2 227 1,26 01 <1 9 L1
MXDXG 4 526 2,91 .17  1.63 8.5 1.27
MXDXS 2 157 <1 W12 1.k 7 <1
MXGXS k 212 117 .13 1l.22 9.1 1.3
DXGXS 2 Th <1 .00 €1 8 <«
MXDXGXS L 59 <1 .11 1.01 1.k 1.7

A0 Error (B) 180 181 Q1 6.7

zzﬁi ;:P'< .05

= p <.001
F el




Table 3
Correlations between Number of Questions, Percentage of Constraints, and

Average Items per Question, for Totals cver Two Problems, within Grade
' Levels and within Model Conditions

Number of Questions  Number of Questions  Percentage of Cone

and Percentage and Average Items straints and Average
Grade of Constraints per Question Items per Question
Three .05 (016) -ol‘,-‘ (-007) 057 (058)
Five "030 (-029) -onl-‘» (010) 070 (069)
Seven ""o?h 2'0653 “ohB &ol?) 075 2067;
Total bad ) 33 bt 19 -e 28 "007) .71 .68
Model |
Hypothesis -el6 2.11) 30 (= 283 .76 §.76)
Constraint =)0 (=12 o3l (=olly .11 (.68)
conml -.39 (-.38 -.16 .u) .61 (.60)

Note: Partial correlations with the third variable partialed out are
given in parentheses,

- Wﬁﬁ




hypothesis-scanming model (p < .001). The effect of grade a3 significant,
Fyfg,, 180) = 13.%( ,00l, Seventh graders had a higher percentage of
Constraints than (E < ,01) or third (p < .001) graders, and fifth
more than third (p <.001).

The model=by-grade interaction was significant, F (4, 180) = 2,50,
p < .05, The interaction was further analysed in two weys by Duncan
comparisons: (1) hypothesis-scanning versus constraint-geeking versus
control within each grade level, (2) grades three versus five versus seven
within each model level, For the third graders there was a higher per-
centage with the constraint-seeking model than the hypothesis-scamning
model (p < .01), while neither the constraint-seeking nor hypothesis-
scarming models differed from the control. For the fifth graders there
was a higher peroentage of constraints with the constraint-seeiing modsl
than the control (p < .001) or hypothesis-scamning model (p < .001), and
more for the control than the hypothesis-scanning model (p <.01)e The
same pattern held for the seventh graders. For the hypothesis-scamning
model seventh graders had a higher percentage of constraints than fifth
(p < .01) or third (p < .01) graders, who did not differ, For the con-
8 t=-seeking mode both seventh and fifth graders had a higher percenti=
age of constraints than third graders (p £ .001), but did not differ from
each other., For the control conditions, seventh graders had a higher
percentage of constraints than either fifth (p € +05) or third (p € .001)

graders, who did not differ,

Thus, in summary, for the third graders the use of the more
efficient strategy of constraint-seeking was nedther increased by the
constraint-geelcing model nor decreased by the hypothesis-scamiing model
relative to the control, while for the fifth and seventh graders there
was more use of the stretegy with the constraint-seeking model and less
with the hypothesis-scamring model relative to the control, Likewise,
the seventh greiers were better able to resist the influence of the
hypothesis-scarming model than the fifth greders, Thus, the influence
of the model in both facilitating and hindering the use of a more efficient
strategy wes most pronounced for the fifth graders,

W of Ttems Tncluded Per Question. This measure considered

or of ilems included in each question asked, A specific hypothesis
included one item, while a constraint could include two or mors. The total
mberofitmimludndomﬂlquutimulmdmdiﬁdodbyﬂumbn
of questions to obtain the average mumber of items included per questiom,
This measure wes thus an index of the information value of each question,
or alternatively, of the “quality" of the constraints, As indicated in
Table 2, the results of analysis of variance for this meesure ¢

exactly to those for the percentage of constraints, Also, the further
Duncan comparisons corresponded exactly to those for the percentage of
constraints, and hence they are not further reported. This correspondance
of the two measures is also indicated by their high correlations in Table 3.

Correlaticns between Respense Measures. The correlations between the

response meagures are given In Table 3. Partial correlations with
the third variable partialed out are given in parentheses after each
correlation,




Discussion

The bastc finding was the pronounced influence of observing
the information-processing strategy employed by tha adult model on the
subsequent strategy employed by the child. Thus, observation of the
constraint-seeking model resulted in a higher percentage of constraint
questions than the controls who did not observe the model, and observa-
tion of the hypothesis~scanning model resulted in a lower percentage of
constraints than the controls. Furthermore, children who observed the
more efficient constraint-seeking strategy solved the problems in fewer
questions than the controls, while those who observed the less efficient
hypothesis-scamning strategy required more questions than the controls,
This supports the emphasis of Bandura and Walters (1, 2, }4) upon the
importance of the model in learning, and indicates that the model can
both facilitate or hinder performance, Again, anglyses of the sigrifi-
cant model=by=-grade interaction indicated that the influence of the
mode]l was relatively more important tor the fifth graders than for
the third or seventh graders, This interaction extends the expected
result that the use of the constraint-seeking strategy increased directly
with school grade., Finally, the influence of the model parallels and
extends the finding of Bruner et al.that perforwance was better in
“constrainteocondii! ‘ne," in which their subjects were asked after each
question wshether or not they had sufficient information to solve the
problem, than in "free conditions,” in wirich nothing wes said after

each question,

The results for average mmber of items per question, which
may be considered a measure of the information value of each question,
or of the "quality” or camprehemsiveness of each corstraint, corresponded
exactly to the results for the percemntage of constraints., Thus, the
dichotomous measure of a constraint versus a specific hypothesisg for
each question gave the same results as a more elaborate information
analysis, In other words, the presence or absence of the ability to
categorizs objects into logical or functional groups and to use these
groupings as a basis of constraint questions was ss important as the
specific type of constraint questions used, Finally, the nonsignificant
difference between the pictorial snd verbal displays indicatee that this
dichotamous presence or absence of the ability to use comstraints was
equally important in the more abstract displays of words and the more

concrete displays of drawings,
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