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ABSTRACT

-

The general purpose of the present study was to evaluate
Siegler's (1976, 1978) rule models by determining (a} the extent to
which children's performance on balance scale problems could be
classified éccording to Siegler's procedure, and (b) the generality of
Siegler's models when a differént assessment procedure was used. The
specific aims of this study were to replicate Siegler*s (1976)
origfna] classification of children's balance scale knoQ]edge with 2
"choice" procedure, and to investigate the generality of Rule I
chiidren's knowledge with an "adjustment" procedure. For these
purposes, 60 5- and 7-year-old boys and girls were presented
Siegler's (1978) balance scale problems using an “adjustment®
procedure.

. A'majority of children were classified according to Siegler's
rules with both the "choice® (pretest) and "adjustment" (posttest)
procedures. Siegler's (1976) finding that young ;hi1dren rely on thg
weight dimension to solve balance scale problems during the choice !
procedure was_replicated in the present research. However, an =
assessment of pretest Rule I use during the adjustment procedure
revealed that many of these children could use the distance dimension
to solve balance scale problems. A secondary finding of the present
étudy demonstrated the potential of Siegler's (1976) rule-assessment
method for detecting unanticipated rule use. These findings were
discussed with reference to methodological issues and directions for

future research.
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CHAPTER I
_ INTRODUCTION -
Developmental psychologists. have recently gtteﬁpted to chart the
growth of childrer's probTem-so1viﬁg abilities in terms of an explicit
series of emerging skills (e.g., Gelman, 1978). A major goal of this’
approach fs to coﬁstruct developmental’ﬁode]s reflecting chsnges in a |
child's competence levels (Brown & De1o$che, 1978). According to -
Bréwn and Deloache {1978) this use of model construction has several
important features. Firsf, fhe purpose of the model is to diagnose
children's knowledge levels. Second, the components of the model
should adhere to the principal of developmental tractability. This
)peans that the model allows the investigator to state clearly initial,
intérmediate, and final fofms of-competgnce/;h afdeve1opmenta1
sequence. A third characteristic is that thése models are apﬁ1ied to
a narrowly defined task domain (e.g., c%i1dren's understanding of
counting). Finally, that the model provides information abput the
subject's task strategy which allows for the design of instructionatl
programs.
As an example of a successful use of this approach, several
authors (e.g., Brown & Deloache, 1978; Miller, 1983) have referred to
Siegler's (1976} research. 1In this research, Siegler has constructed

a sequence of four increasingly complex rule-models corresponding to

H



ihitiaf; intermediate, and final levels of children's competence on
balance ;cale1 problems. The general pdrpose of the present study was
to evaluate Sieg]er'; rule ﬁodels by de;ermining (a) the extent to
which children's performance on the balance scale problems could be
;1ass1f1ed accord1ng to S1eg1er s procedure, and (b) the genera11ty of
Siegler's models when a d1fferent assessment procedure was used. In
the following sections, Siegler's rule models and his findings relevant
}ﬁ? the present stydy'u§11 be summarized. Then, a description of the

general procedure of the present study will be provided.

Siegler's Rule Models and Empirical Data

Balance Scale Task. The balance scale task is F;}ated to the *
concept of proportiona1if& and is considered an indicato; of formal
operational thinking (Inhelder & Piaget, 1958). In order to soTveOba1ance
scale problems consistently, a chj]d must understand the proportional
relationship betweeq the two dimensions relevant to this task. These
dimensions are the Qeight of the object placed on the balance scale

and the distance it is placed from the balance scale fulcrum. The,

proport1ona1 relationship between weight and distance is expressed by

thﬁ<b11ow1ng ratio: ﬁhah_gf;

il
Ko

(IVA
DIW

—

In this ratio HL and DL represent the amount of weight and distance,
respectively, for the left side of the balance scale. Similarily, “R
and DR are associated with the amount of weight and distance for the

right side of the balance scale. The symbols " ", ":>"ﬁ;fﬁd R

'1See Appendix A for a selective review of balance scale studies.



3
represent "left side less than right side," "Teft side more than right
side," and "left side equals right side," respectively.

As shown in Figure 1 the balance scale used by Siegler (1976) <
consists of two identical arms on either side of a fulcrum. There is
a series of four equally spgced pegs on each arm of the.balance scale.
To create balance scale problems, sma11'circu[ar ;;?gﬁts are placed on
either side of the fulcrum at varying distances. When only one peg
on each side of the fulcrum is occupied by weights (i.e., a one peg

problem}, the correct so]ufion can be obtained by using the cross

product rule represented below by Equation 1.

CES ! 2“"1{ X DR_)

If the cross product of one side is larger, then that side will go
down. However, if the cross products of both sides are equal, then
the scale will balance.

Representation of Knowledge about Balance Scale. Siegler's (1976)

method of Jinvestigating children's knowledge about balance scale
problems consisted of three phases. First he generated four rule models
that corre#pond ;d the use of increasingly more complex problem-solving
strategies. Second, Siegler devised six different types of balance
éca]e problems for assessing a child's rule usage. Finally, he matched
predicted error patterhs to children's actual behavior in order to
diagnose their rule usage. Each of these phases will now be
illustrated in the present and subsequent éection%?

Siegler (f376) suggested that different levels of knowledge
chidren have ébout the balance scale éask coaﬁd be represented as a

series of binary decisions (see Figure 2) regarding how children use
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Figure 1. Balance scale apparatus
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the two relevant dimensions, weight énd distance. As can be seen in
Figure 2, children using Rule I rely on only one of the two relevant
dimensions, typically weight. Thus, a Rule I child will predict
balance when the weights on each side are eguivalent regardless of
their respective distances from the fulcrum. If the weights are not
the samé, then the child will predict that the side with the greater
“weight will go down.r A child using Rule II has a higher level of
knowledge since he/she will take account of distance, but only in one
case. When the weights on both sides are equal, the child looks for
a difference in distance and predicts;fhat the side with the greater
distance will go down. When the weights are unequal, the child using
Rule II will behave as a Rule I subject ignoring distance but-
considering only weight. A child following Rule III considers both
weight and distance under any c¢ircumstances, and correctiy solves
problems as Tong as one or both dimensions are equal. However, the
Rule III child has no consistent means to solve problems when one side
has the greater weight and the other side has the greater distance.
For such "conflict" problems, the child with Rule III wij] *muddie
through" making random predictions. In Siegler's model, Rule IV
represents the highest level of knowledge. A chi1d~us§ng RuIé IV
behaves as Rule III users except in the case of conflict prdb]ems: In
the conflict problem situations, the Rule IV subject uses the cross-
products rule. Thus, Rule IV differs from Rule III in that "muddle
throuéh" is replaced with "compare cross-products.”

Assessment. To determine which one of the four rules

characterizes children's existing knowledge about the balance scale
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task, Siegler (1975)'constructgd six types of pr6b1ems {see Tab1e 1,
Problem-Type). Some of these problem-types can be solved by a child
who primarily attends to either the weight'or the distance d%mension.
Other problem-types reduire attention to both dimensions for a correct.
solution.

The firsttthree problem-types (i.e., balance, weight, and
distance) are so1§ab1e withouf-any arithmetic computation. In balance
sca]e'problems, weight and distance are the same on either side of -
the fulcrum. Fbr.weight problems, the distances are equal but the
number of weights on either side of the fulcrum are not equivalent. In
distance problems, the amount of weight is equal but distance is
different. .

The second three problem-types are conflict-problems. In these
problem-types the wgight and distance cues a;e discrepant on either
side of the fulcrum. 1In this case, the side of the balance scale with
the greater weight is also associated with the shorter distance while
the other side has the lesser weight associated with the longer
distance. For exaﬁple, two weights on the second peg to the left and
one weight on the fourth peg to the right, is a conflict problem. The
outcome for this example is that the balance scale remains level.
Therefore, it is a conflict-balance problem. In conflict-weight
problems, the side of the balance scale associated with the greater -
amount of weight goes down. For conflict-distance problems the side
associated with the greater distanﬁe goes down. -—

Using Siegler's rule models, one can-predict different response

patterns for these six problems depending on which rule a particular



TABLE 1

Siegler's (1976, 1978} Predictions for Percentage of
Correct Answers and Error Patterns by Problem-Type

Probiem-Type Rules
Rsndom I 1 11 Il W
odel : -
=
() L - T 33 " or 100 100 100 100
L | %= |
(W) = L 33 100 100 100 100 100
e
(D) T x ¥ 33 50% 0 100 100 100
(CW) l$,\ +| l 33 100 100 100 33 100
(c) £ — | T 33 0 0 0 33 100
-(cs) T ,\$| l 33 0 6 0. 33 100

*A Rule I' child behaves as a Rule I user except on balance and ,
distance problems. Where Rule I predicts a response of “balance"”
for these two problem-types, Rule I' predicts "left side" or "right
side" down but not "balance" (Siegler, 1978). Thus on balance
problems a Rule I' child would have two possible responses both
always incorrect, therefore 0% correct answers are predicted.
Similarily on distance problems a child using Rule I' chooses from
two possible responses yielding a prediction of 50% correct answers
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child is using (see Table 1, Rule I-IV}. According to the model,
children using-Ru1e-I typically rely on the weight dimension when
.solving balancé scale problems. A child using Rule I, therefore, would
make éorrect predictions on all of the problems solvable by the weight
dimens%on; that is; on the balance, weight, and conflict-weight problem-
types. Children using Rule I are expected to predict incorrectly on
all other problem-types since the model indicates thpy are not t;king
into éccount the distance dimension (see Table 1, Rule I).

As is shown in Table 1, a child adbpting Rule II is expected to
have the same correct prediction péttern‘as a2 Rule I user, except on
distance problems. In this case, a child using Rule II is expected to
consider the distance dimension, and therefore, predicts correctly.
Children following Rule IiI consider?both.weight‘and distance in all
situations and are expected to be correct on all three noncoﬁflict
problems. However, a child following Rule III has no means to resolve
the conflicting dimensional cues on conflict problems, and is expected
to perform at a chance Tevel on the three types of conflict probiems.
As a result, his/her predictions will be correct 33 per,cent2 of the
time on conflict prob1emsj\ A child adopting Rule IV is expected to
perform correctly on.all six problem-types as he/she is using the

most mature rule.

Empirical Findings. Siegler's empirical findings will now be

discussed. In his initial study, Siegier.{1976, Experiment 1)
presented 120 female subjects, ages 5-_to 17-years-oid, with a 30

item test. This test consisted of four items from each of the first

-

2This percentage is derived because balance scale problems have
three possible outcomes (right side down, left side down, or balance).



three problem-types (ife., balance, weight, and distﬁnce), and six
items from each conflict problem-type.

Siegler's major findings are summarized in Table 2. First, his

findings indicate that age correlates with the maturity.of rules that
children use. Thus, virtually all of the 5{ and 6-year-olds used Rule
I, the 9- and 10-year-olds used Rules II and IIT most frequently, and
13- and 17-year-olds used Rule III most frequently. Also it is
noteworthy that few children even at the oldest age level used Rule IV.
Secondly, as evident in Table 2, classifiability improves with age.
For example, in the youngest age group 23 percent of the children were
unclassified while all subjects inathe oldest age group were classified
as using a rule. As will be shown next, many of these younger children
may have been-using a "random" rule.

In an ihvestigation of 3- and 4-year-olds balance scale knowledge,
Siegler (1978) found many of these young children responding randemly.
These children were classified as Random Model users (see Table 1).
After training and feedback, some of thse young children adopted what
Siegler (1978) termed a Rule I* approach. Children using Rule I'
behaved similarily to those using Rule I except where the model
in&icated a re;ponselof "balance."” Rule I' users never say “"balance"
in these situations but either guess left side or right side down.
Considering the large number of unclassified 5- and 6-year-olds in
Siegler's (1976) Experiment 1, it is possible that their knowledge
Tevel could have been best represented by a Rule I' or Random Model

description.
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TABLE 2

Siegler's (1976) Predictions Data

g9-10
13-14
16-17

Total

Rules
I II III IV Unclassified
23 0 0 0 7
3 9 12 2 4
3 7 17 1 2
0 6 19 5 0

25 22 48 8 13
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Present Stud

In the preceding sections, Siegler's method of investigating
children's Enowlédge about balance scale problems was summarized.
Initially, he generated four rule models that would correspond to
children's use of increasingly more complex pr6b1em—solving strategies.
He then determined which rule models would best represeﬁ\ a particular
child's knowledge by examining hi§/her Eésponses to six different types
of balance scale problems. It was indicated that the majority (i.e.,
77% or better) of children's knowledge could be accurately classified
by his rule models. Considering the significance of Siegler’s
methodology in revealing children's levels of knowledge {e.g., Br&wn &
Deloache, 1978; Miller, 3983), it is interesting that, at present,
a§£empts have not been.made to replicate his rule-assessment approach.
‘One purpose of the present study, therefore, was to determine if
dﬁi1dren's performance on the balance scale task could be ¢lassified
as successfully as Siegler demonstrated (replication).

-Another purpose of the present study was to determine the
generality of Siegler's rule models. As was described in the
preceding section, Siegler assessedlchiidren‘s knowledge about the
balance scale using one type of assessment condition, ﬁameiy a "choice"
procedure. He has concluded that children's existing knowledge about
the balance scale can be specified unambiguously (Siegler, 1976,

1981). It has been well known however, that the idenfificat?bn of the
presence or absence of particé]ar knowledge in children is not a
simple matter, conclusions being dependent on the use of different

procedures {(e.g., FTave]T; 1977; Gelman, 1979; Smedslund, 1969).
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Consider, for example, Siegler's Rule I. Children who adopt this
rule are known to focus only on the weight dimension while solving
balance scale problems. If Sieng?'s method is actually assessing
children's existing knowledge, then;-the failure to use the distance
dimension may be caused by their Tack of knowledge of the importance of
the distance dimension. Alternatively, it is possible that at least
some of the children diagnosed as Rule I Jsérs may qctua]ly know that
the distance diménsion is impoétant. These children may fail to use’
the distance dimension in Siegler's task perhaps because that
dimension in some manhner 1ac@§ pgrpeptua1 salience. In light of these
considerations, the present study was conducted to determine whether
or not converging evidence for the use of Siegler's Rule I could be
obtained with a different assessment condition.

For the purposes of the present study, 5- and 7-year-olds
knowledge about the balance sca1é was initially assessed using
Sieg]e;'s choice procedure (pretest}. With regard to the replication
purpose, the pretest data were dsed to determine what proportion of
the subjects could be classified according to Siegler's rule models.
At the ééme time, the age-reTated improvement in children's knowledge
'about balance scale problems was examined.

On the basis of their performances on the pretest, Rule I users
were identified. The generality of children’s Rule I knowledge was
then determined using an "adjustment" procedure. Weights are placed
on both sides of the balance scale fulcrum in Siegler's choice
procedure. In contrast, the experimenter manipu1ates'weight and

distance only on one side of the balance scale for the adjustment
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procedure. Then the child is given a specific number of wefghts and
asked to place them at a point on the other side where he/she thinks
that the two sides will balance or that one side will go down. This
'procedure was selected for the presentAstudy because the task requires
children to manipulate the amount of distance, and consequently, it
may increase the perceptual salience of the distance dimension. In
addition, this procedure also af]ows us to predict different patterns
of responses by chiidren using different rules. Suppose, for example,
that weight x is placed on the left side at three diStance units from
the fulcrum. The child is asked to place an object of the same weight
on the right sidé so that (a) a balance situation will result or (b)
the right side will go down. gFor problem a, a child using Rule I,
according to Siegler's model, will choose any point on the right
side as a solution. However a child having a knowledge -level of Rule
IT or higher should select the correct point, three distance units
from the fulcrum on the right sidé. For problem b, a child adopting
Rule I should find this task impossible io %o1fel(since the scale
should always balance when two weights are equal). As a result, if
asked to piace fhe weight, he/she will choose any point on the right
side. A child adopting Rule II or a highér rule should choose to
place the object at the fourth di%tance unit. (Specific patterns of
responses to different balance scETE problems for the aéjustment
task are described in detail in Table %,:see page 18). Using
children of two age levels, it was possible to determine whether or
not the generality of chiidren's knowledge might be observed”
differently at different age levels.

AL
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Supposg that children perform better on the adjustment procedure
items than on Siegler's (1976) balance scale task. Although this
finding may iﬁdicate that S;;gler“s procedure underestimates children's
existing knowledge, it is possible to interpret this result differently.
As described previously, the adjustment task was always used during
the posttest. Therefore, any 1mprovemen£ on this task over Siegler's
task could have been attrib;ted to "practice effects." 1In order to
control for this alternative interpretation, Siegler's “distance
problems", solvable by Rule II uﬁaged were also administered to
‘children during the posttest. The disE;nce problem-type is not solved
until Rule II of Siegler's model. Therefore inclusion of Sieglgr's

distance problems during the posttest indicated whether subjects

selected during the pretest were continuing to use Rule i.



CHAPTER II
METHOD

Subjects

Thfrty S-year-o01d (mean CA = 63.85 months; range = 60-70 months)
and 30 7-year-old (mean CA = 87.67 months; range = 84-95 months)
children from several Day Nurseries and Community Day Care facilities
operated by the City of Windsor were used as subjects in the present
study. There were an equal number of males and females in each age
Tevel. A1{ subjects were given both the Siegler pretest and the

adjustment posttest.

Materials

.Balance Scale. The materials included a wooden balance scale, 14

differently coloured metal weights, and two aluminum posts. The.
batance scale's arm was 32 inches in length, with four pegs on each
side of the fulcrum. The first peg was 3 inches from the fulcrum and
the distance between each subsequent peg was also 3 inches. The
balance scale arm could swing free1} from the point of attachment to
the fulcrum, 4 inches above the fulcrum's base. Two aluminum posts
were placed under the arm of the balance scale to prevent it from
tipping when the weights were arranged on .the pegs. Ever& weight

was circular and had a hole in its centre so that it Eou]d be fitted
on the pegs. Each weight weighed approximately 28.1 grams (range

28.09-28.1) with an outside diameter of 1 1/4 inches and an inside

15
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diameter of 5/8 inches. As many as six weights could be placed on any
given peg.

Pretest Items. The pretesfhconsisted of 24 items from Siegler's

(1976} Exberiment 2. Four test items were'selected from each of the
following six prob1em-types: balance, weight, distance, conflict-

of these problem-types, see Table 1). For balance ptoblems, equal

weight, conflict-distance, and conflict-balance taskcgffor examples
numbers of weights were arranged on both sides of the balance scale at
identical djstances from the fulcrum. Weight problems had different
numbers of weights at identical distances from the fulcrum. D%stance
problems had equal numbers of weights at differing distances from

the fulcrum. For the conf1jct problems, one side of the balance

scale had the greater number of weights while the weights on the
other side were further from the fulcrum. On conflict-wejght problems
the balance scale would tip towards the side associated with the
greater weights. For conflict-distance problems the balance scale
would tip to the side associated with the greater distance. O0On
conflict-balance problems the balance scale would remain level.
Specific problems appear in Appendix B.

EAN
Posttest Items. There were two sets of posttest items.

Eight items were selected from Siegler's task (4 distance and 4

conflict-distance). These items were used for the "choice" task to
determine whether or not the subjects continued to use Rule I during
the posttest session. The remaining 20 items were prepared for tée

ad justment procedure of'the posttest session.
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During this adjustment procedure children were required to place
weights on one side of the balance scale to generate a desired outcome
(i;e., left/right side down, or balance). For example, a balance scale
~ with three weights two pegs to the left was presented to a cﬁif3§ He/
she was given three weights in this case and asked to place them on the
empty side of the ba]ance scale so that it would remain level. This
particuTaf.prdeem was similar to Siégler's (1976) balance problem-types.
It was referred to asvan adjustment balance (AB) problem (see Table 3,
Problem-Type). Similarly an adjustment weight (AW) problem required that
the child place a predetermined number of weights on the empty side of
the balance scale 1n_order-to make the heavier side go down. For
adjustmeﬁt_distance (AD) problems the child was required to place an
identical amount of weight on the empty side of the balance scale so
that side would.go down. On adjustment conflict-distance :(AGD) .
problems the child had to place the less ameunt of weight on the empty
side of the balance scale further from the fulcrum than the distance
associated with the greater weight on the occupied side so th&t the
1igh£er side of the scale would go down. For adjustment conflict-balance
(ACB) problems the child was required to create a balance situation by .
placing the lesser amount of weight at the correct point of greater
distance on the empty side. An example of each of these prdb'lem-types3
is shown in Table 3. The afrow indicates the proper p1ace$¢nt of the
yeights for a correct solution. * Four adjustment problems of each type

were given to every child.

3Sieg'ler's (1976) conflict-weight problem-type is not readily
adapted to the adjustment procedure and therefore will not be included
in the posttest.
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-TABLE 3

Predictions for Percentage of Correct Answers and

Error Patterns by Problem-Type for the Balance

- Scale Task using the Adjﬁstment Procedure
Problem-Type Ru1és
T RMX 7 18D Il 11 I
My L IEL [ L] 2 100 100 100 100
FaY .
) Ll L*Al L1 25 25 25 100 100

oy [ FEL L[] | 25 - 100 100 100 © 100
‘ }

eo) LLZE ] | L1 2 100 25 100 100
l-

(acs) || =F | L] [ 25 0 25 50 100

*Note 1. For the adjustment procedure, the prediction pattern for

the RM category also applies for Rule I' use, and for the use of Rule I
Dy children who attend primarily to the weight dimension. This is
possible since any children using Rule I' or Rule I (weight) during

the adjustment procedure should respond at a chance level (i.e., 25
percent correct}. It should be noted, that this RM category may contain
children who are actually functioning at higher knowledge levels
rperesented by Rule I' or Rule I (weight).
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In order to generate the predictions of Table 3 one needs to. consider
the diétinguishing features of Siegler's (1976) ruié models in terms of
the adjustment procedure. As indicated previously, children following
Siegler's Rule I model focus only on the weight dimension or only on the
distance dimension (Rule I-D) while solving balance scale proé&ems. For
the present study, children responding by emphasizing the weight dimension
will be referred to as Random Mode'l4 users. Childvren responding on the
ba#is of the distance dimension but ignoring weight wilf be cél]ed Rule
I-D users. According to Sie§1erks model, a child using Rule I (weight)
should not be able to solve balance scale probiems on the basis of the
distance dimension. Rule I (weight) children, therefore, will place the
weights on any one of four possible pegs for any problem-type during the
adjustmént procedure and should be correct only 25 percent of the time.
Rule I-D children, on the other hand, attend to the distance dimension
during balance scafe prob1eﬁs, disregarding the weight cue. A child
using Rule I-D should predict "balance" when the dﬁﬁtanﬁes on either side
of the balance-scale from thé fu};rum are equ1va1ent¢ Whenever one side

—

of the balance scale is greater, the RH}e I-D chiid §ﬁéuld predict that
side will go down. Children using Rulé I-D during the adjustment ~
procedure, therefore were expected to solve AB and AD problems corrett1y
at all times (i.e., 100 percent). For AW problems, consider the example
shown in Table 3 where two weights are on the first peg to the left

of the fulcrum. In this example, the child is given one weight and

asked to place the weight on one peg to the right of the fulcrum so

that the left side wilil go down. A Rule I-D child should think

4 With the present adjustment procedure, RM, Rule I', and Rule I
children will show the same prediction pattern, namely, 25 percent correct.
As shown in Table 3, chiidren responding at a chance level were placed in
the RM category even though they may have had a Rule I' or a Rule: I
knowl edge level.
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FYpe
that by placing his/her weight on the first peg of the right side, a
"balance" sftuation will result since the distances on either side of
the fplcéum are equal. A Rule I-D éhde also knows that choosirg a,
greater distance from the fulcrum (second, third, and fourth pegs) may
cause the right side to go down. For th%s AW problem, none of the
pegs on the right side appear to be a correct so]utién to a.Ru]e I-D
user. Since the child is required to place the wéight, he/she will
respond randomly (i.e., 25 percent correct) by placing his/her weight
on any one of the four available pegs on the right side. For the ACD
probl em-type, five weights are on the second peg to the left of the :
fulcrum and the child is given three weights and asked to place them
on one peg to the right of the fulcrum in order to make the right
side go down (see Table 3). A Rule I-D child knows that distance is
important and should not place his/her weights on the first peg to
tﬁe.right of the fulcrum since, in this case, the left side will have
the greater distance and should go down. This child should not
choose the second peg to the right of the fulcrum because %hen the
distances on either sidé of.the fulcrum would be equal and the balance
scale will remain level. To make the right side go down, the Rule I-D
child will consider placing his/her weights on either the third or
fourth peg on the right side since these pegs are at'greater distances
frém the fulcrum than the occupied second peg on the 1eft side.
Since a Rule I-D child does not know that the weight dimension is
important for solving the ACD.problem, he/she should choose the
correct peg (i.e., the fourth one) only 50 percent of the time.

For ACB problem-types, consider the example shown in Table 3 where
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there are three weights on the second peg to the left of the fulcrum;‘
The Rule I-D child is given‘two wefghts and asked teplace them on oh;-
peg on the right side to make a balance. The Rule I-D child sﬁould
neglect the differences in the amounts of weight aﬁd attempt to make
a balance by equating the distances on either side of the fulcrum.

In this example, a Rule I-D child should choose the secord peg-on the
‘right side of the fulcrum which equates the distances. Howgyer,

this stra£EQy is never correct, so that a Rule I-D child never solves
ACB problems (i.e., 0 percent correct).

Children using Rule II in Siegler's procedure solve balance
sca1e_pﬁbb1ems using the weight dimension primarily. However, when
the ﬁgight on eitper side"of the fulcrum is equal, £%ey attend to the
distance dimension. In the case of AB problems, children are given
an amount of @eight to place on the empty side which is equal to the
amount on the occupied side of the balance scale. Rule II users
sﬁou]d correctly place their weights on the empty side of the balance
scale at an identical distance from fhe fulcrum as the weights on the
otcupied side for the AB problems (i.e., 100 percent correct). For
Aw probfems, the child is required to place one weight on the right
side so that tHe left side will go down (see Table 3). In this case,
the greater amount of weight (i.e., 2 weights) is on the ’[eft':ijide'_
of the fulcrum, and according to Siegler's Rule II model, the
child should always think that the Teft side will go down,
irrespective of the amount of distance. They will, therefore,lchoose
any one of the four available pegs on the right side, and will be

correct 25 percent of the time, since'only the first peg on the right
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side solves the AW problem-type. For AD problems, as in the example
shown in Table 3, the experimenter always placgs the weights for the
occupied side on the third peg from the fulcrum. In these AD prob1ems;
Rule. IT children are required to place an amount of weight on the
empty side of the balance scale which is equivalent to the am@unt of
weight on the occupied side. Consequently, Rule II users should attend
to the distance dimension and place their amount of weight further
from the fulcrum than the weight oﬁ the occupied.side: Rule II
children, therefore, should always choose the fourth peg oq the empty
side to place their weight and will be correct 100 percent of the
time. A child using a Rule II appr;ach should solve the ACD and ACB
problems simiTariTy to a Rule I child (i.e., 25 percent correct), since
he/she is unable to coordinate the distance and weight dimensions for
conflict problem-types.

Children using Rule III are able to coordinate the dimensions of
weight and distance for nonconflict problems and, therefore, were
expected to solve AB, AW, and AD problem-types correctly at all t%mes.
For ACD problems, Rule III children were expected to be correct 100
percent of the time since they have knowledge that distance compensates
for weight. For the ACB problem-type shown in Table 3, there are
three weights on the second peg to the left of the fulcrum and the
child is required to place two weights on the right side to make a
“palance" situation. In this case, Rule III children should not
choose to place their weights on the first peg of the right side
(the greater weight on the left would be associated with the greater

distance and, therefore, the left side would go down) or on the
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second peg (they shou1d'know that the greater wefght is on the left
side, which will go down)." Rule III children cannot make precise
predictions in this case since their knowledge that distance compensates
for weight is not sufficient to solve the ACB problem-type. Therefore,
they should "muddle through" and place their weights on either the
third or fourth peg on the right side. Since choosing' to place the
weights on the fourth peg of. the right side is the only correct
solution, Rule III users will solve the ACB problem-type only 50
percent of the time.

Children using Rule IV should be able to coordinate the weight
and distance dimensions in all situations and, therefore, will

always choose correctly.

Procedure

Pretest. The children were interviewed individually in an
available room at their Day Nursery or Community Centre. The | .
children's knowledge Tevels were assessed during the pretest
following Siegler's criteria (see Rule Asséssment.Criteria section).

In general, each child was asked to sit next to the experimenter
at a table with the balance scale in front of them. After briefly
establishing rapport with the child, .the pretest session began with
the following_instructions: "Today we are going to play with this
balance scale. The balance scale has these pieces of wood that are
all the same distance from each other (E points to the pegs) ;nd
these pieces of metal that all weigh the same." At this point the

child was encouraged to hold some of the weights to see that they



2
all weighed fhe same.

The child was then told: “ﬂow tets see what you know about the
balance scale. This side of the balance scale (E points to left side)
will be your side. I'l11 put weights on the pegs in different ways
" and you tell me whether my side or your side would go down or whether
they would stay like they are now if I fook these supporting posts
égay. The balance scale won't actually move but you tell me th the-
scale would go if the supporting posts were not there. Any questions?
OK. .Let's begin.”

The experimenter then presented the first probiem to the child by
.p]acing the metal weights on. the pegs on the two sides of the.ba]ance
scale. The child was asked to predict which side would go down or
whether the scale would balance if the supporting gosts "were not
there."” After the child's prediction, the experimenter said "Good, "
and moved on to the next problem. The 24 items (problems) were
ordered within the pretest by means of stratified random sampling so
that one item of each problem-type was included in the first six
problems, one in the next six problems, and so on.

Posttest. One week from the collection of the pretest data, all
of the children were assessed first with eight Siegler items, followed
with 20 adjustment procedure items. For the Siegler items the children
were given the same instructions as in the pretest. For the
adjustment items the instructions were as given.below.

-The adjustment procedure began with the following instructions:
"This time we will play a different game with this balance scale

i

toy. Like the Tast time we played, this side {E points to left
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side), will be your side and this side (E points to right side) will be

my side. I will place some weights on only one peg, for example, on

my side (E points to right side). Then I will give you some weights

to-place on your side (E points to left side). Sometimes I will ask
you to place the weights where you think it will make your side go
down. But sometimes I will ask you to place the weights on your side
(E points to Teft side) where you think it will make my side (E
points to right side) go down. And sometimes I will ask you to place
the weighf% where you think it will make the scale balance if these
posts (E points to support posts) were taken away. The balance scale
won't actﬁa11y move but you place your weights pretending that fhese
posts were not there. Any questions? OK. Let's begin."

The experimenter then placed a number of weights on one side
(i.e., E's side) of the empty balance scale. The chifd was given some
weights and asked to place them on one peg of the remaining empty-side

(i.e., §'s side) in order to generate a specific outcome (e.g., E's

_side down) if the support posts "were not there.® After the child's

response, the experimenter said "Good," and moved on to the next
problem. The eight Siegler tems were given first during the posttest.
These items were ordered again by means of stratified random sampling
so that one item of each problem-type was included in the firét two
problems, one in the next two problems, and so on. The 20 aﬁjustment
procedure items followed and were similarily ordered by mean§ of

stratified random sampling.
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Rule Assessment Criteria

. The performancé of each child on every pretest and posttest item

~ was dichotomously scored "1" to indicate a correct response, and "0"

to indicate an incorrect response. The criterias for assessing rule
usage in the Siegler procedure was as follows: Rules I, II, or IV

were assessed if at least 20 of the 24 responses corresponded to the
predictipns made by that rule (see Table 1). Also for Rule I, at.least
three predictions of “balance" ip the four distance problems were
required. For Rule III at least TOlpredicted responses in the 12
problems for which determinate predictions could be‘made and at least
three exceptions to the simple weight (distance) cue on the 12 conflict
items (Siegler, 1976, p. 493, pp. 502-503).

Criteria for assessing rule usage for the-Siegler items in the
poéttest were constructed6 as follows: Rules I, II, or IV were assessed
if at least 6 of the 8 responSes corresponded to the predictioné made by
that rule (seé Table 1). Also for Rule I, at Teast three predictions of
" "balance" in the four distancé problems were required. For Rule III,
at Teast three predicted responses in the four problems for which
determinate predictions could be made and at least one exception to the
simple weight (distancé) cue on the four conflict items (Siegler, 1976,
p. 493, pp. 502-503).

- The criteria for asseésing rule usage in the adjustment
procedure were arbitrarily dérived following the hypothetical

response patterns shown in Table 3. Rules RM, I-D, 11, IiI, or IV

5Fr'om Wilkening and Anderson (1982, p. 218).
6Adapted from Siegler (1976) and Wilkening-gnd Anderson (1982).
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were assessed if at Teast 16 out of 20 responses corresponded to
predictions made by that rule. With this arbit;ary criteria to

- determine rule usage, it was possible that some children could achieve
16 out of 20 responses which corresponded to more than one rule model.
If this was the case, any child assessed as using more than one rule
was classified Eonservative1y in one of these rule categories which
represented the least amount of knowledge about the adjustment
problem-types. For example, if this situation of "double
classification" occurred for some children between Rules I-D and II,
they would be classified at a Rule I-D level. As an additional
examp1e7‘suppose that some children were classified at both a Rule II
and a Ru1e_III level. Then, for the present stéﬁ}j/fhey would be

considered as Rule II users.



CHAPTER III
RESULTS

The results of the present study will be summarized in two
sections. In the first section, the rule modéi classification of
chiidren's performance for Siegler's (1976) version of the balance
scale task will be~pr§§ented (replication). Then the correct respoﬁses
children made during the Siégler pretest will be examined for age-
related differences in performance. In the second section, the rule
model classification of children's performance during the adjustment
procedgre will be presented. Following this, a rule-assessment of the
pretest Rule I children's performance on the adjustment baiance‘scale
problems will be illustrated {generality). These éssessments will be
necessary for an analysis in the following section of children's use
of the distance dimension during the present study. In this analysis,
changes in the use of the distanc; dimension Eetween the pretest and
posttest sessions will be indicated. In addition, any age;related
differences in the use of the distance dimension will be reported for
the pretest Rule I users. Finally, an analysis of the correct
responses made by the pretest Rule I children during the adjustment
posttest will be examined. The purpose of this analysis is to
determine differences between observed and predicted performance for

the pretest Rule I users during the adjustment procedure (generality).

28
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Predictions Data for the Siegler Pretest

Classifiocation by Rule Models. Children's predictions of "balance"

and "lTeft/right side down" for Siegler's (1976, 1978) balance scale
prbblems were used to assess their rule uéage during the pretest.
The number of children classified for each level 6f age and sex
according to Siegler's rule models are shown in Table 4. Using
Siegler's (1976) original four rule models, 48 of the 60 children
(i.e., 80%) in the present study were classified as rule users.
With the addition of the Random Model and Rule I' categories, 52 éf
these 60 children (ile., 87%) weré classified as using one of
Siegler's rule models. Three children were found to use the Random
Model rule; one used Rule I'; 42 used Rule I; and six used Rule II.
No children using Rules III or IV Qere found. Only eight children
(i.e., 13%) could not be classified following the criteria for
Siegler's rule models. |

Seven of the 8 unclassified children solved the balance. scale
problems by predicting "less weight down" (i.e., LWD) whenever the
amount of weight was different on either side of the fulcrum. When
the weight on either side of the fulcrum was equivaient, these LWD
children predicted "balance" as would a Rule I user. The LWD
children, therefore, predicted correctly for the balance problem-type
identical to Rule I children. Unlike Ruﬁe I users, however, the LWD
children predicted incorrectly for the weight and conflict-weight
problems. In addition, LWD children predicted incorrectly for
distance problems, as did Rule I users, that the balance scale would

remain level. However, for the adjustment conflict-balance problems,
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TABLE 4
Number of 5- and 7-Year-old Male and
Female Children Assessed for Rule
Usage in the Siegler Pretest with
Predictions Data
Age Sex . . Unclassified
RM I I II Il Iv Kl LWD
M 0 0 11 1 0 0 1 2
5
F 3 1 8 0 0 0 0 3
M 0 0 13 2 0 0 0 a
7
F g 0 10 3 0 0 0 2
Totals 3 1 42 6 0 0 1 7

*Note 1. The "2" sybmol represents the category of children who were
- notusing an LWD approach but were unclassified with predictions data.




the LWD children p}ediqted incorrect1y that the side with less weight
would go down; instead qf'the ;\de'with more weight, as would a Rule I
child. The LWD children predicted correctly for conflict-distance
ﬁroblems since a "less weight down" approach solves this problem-type.
Th{s finding was unanticipated since Siegler (1976, 1978) proposed that
Rule IV use was necessary to consistently solve the conflict-distance .
problem-type. Because these LWD chilgren used only the weight
dimension but with a different rule (lighter side down), they could
be considered as a special case of Rule i users.

The remaining unclassified cﬁde, a 5-year-old male, made 20 out
of 24 responses which corresponded to Rule I use. However, this
child was unclassified in the present study since he predicted
"balance" for two instead of three distance problems as required for
Rule I assessment.

Analysis of Correct Predictions. The mean number of correct

predictions for each problem~type for all experimental groups is -
illustrated in Figure 3. These data were analyzed by a 2 (age: 5-
versus 7-year-olds)} X 2 (sex: male vs. female) X 6 (problem-type:

balance, weight, distance, conflict-weight, ﬁ@ff]ict-distancg, or

- conflict-balance) analysis of variance with repeated measures on

problem-type. This analysis révealed significant main effects for
age and for problem-type, F (1,56) = 10.19, p<.01, and F (5,280) =
151.36, p<<.001, respectively. In addition, the analysis revealed
two significant interaction effects, one between age and problem-
type, F (5,280) = 3.66, p<.01, and another between sex and
problem-type, F (5,280) = 2.78, p<.05.
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In order to analyze these significant interactions, Tukey's
(HSD) procedure was used (Horvath, in press). As shown in Figure 4,
the significant age and problem-type interaction can be explained by
the fact that the 7-year-olds performed better than'the S-year-olds on

| fhé'fwo'prob1emsrthat_9an be solved by Rule I, namely, the weight and

conflict-weight problems, p<.05, whereas other ageéreTéted differences . .

in performance on the remaining problems were not significant. The
further analysis of this interaction showed that, irrespective of age
level, the balance, weight, and confljct-weight problems were solved
significantly more often than the distance, conflict-distance, and
conflict-balance problems. These findings are reasonable since the
first three problems can be solved with Rule I while the remaining
three require a knowledge level of Rule II or higher.

As shown in Figure 5, the significant sex and preblem-type
interaction can be explained by the fact that the males performed
better than the females on the two problems that.can be solved by
Rule I, namely, the weight and conflict-weight problems, p<.05,
whereas, other sex-related differences in performance on the
remaining problems were not significant. A further analysis of the
sex and problem-type interaction indicated that, irrespective of sex,
the balance, weight, and conflict-weight problems were solved |
significantly more often than the distance, conflict-distance, and
conflict-balance problems. As was the case for the age and problem-
type interaction, these findings i;dicate the use of Rule I b&
éhildfen during the pretest.

In summary, the pretest predictions data demonstrated that
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most children (87%) could be classified as using one of Siegler's
(1976, 1978) rule models. In addition, seven children wére found
using a "less weight down" rule to solve balance scale probiems during
the pretest session. While these children’s rule was not inc1udéd in
Siegler's models, their responée patterns were, as Siegler assumés.
clearly controlled by a }u1e: The analysis of variance revealed that,
for weight andlconflict-weight problems, the 7-year-olds performed
better than the 5-year-olds, and the males performed better than tHe
females. 1In addition, irrespective of age or sex, the balance, weight,
and conflict-weight problems (Rule I problems) were solved moﬁé
often than the remaining three problem-types that require Rule II or
higher. In the néxt section, the findings of the posttest session will

be reported.

Adjustment Posttest

Siegler's (1576, 1978) rule-assessment méthod was used to
determine ;hiidren's knowledge Tevels for the adjustment procedure.
In the following analysis, these rule-assessments will be used to -
categorize children's use of the-distance dimension. Then, the
generality of Siegler's Rule I model will be determined by assessing
for changes in children's use of the distance dimension between the
pretest anq.posttest sessions. (Re;gl] that 54 of 60 children dia
not use the distance dimensijon for the choice task.) In addifion,

*" the generality of Siegler's Rule I model will be assessed by
comparing the observed posttest performance of pretest Rule I users

with their expected performance.
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Classification by Rule Models. The method of assessing rule

. usage for the adjustment procedure was described in detail in a
previous section of the present study. To review this method,
children were initially assessed as using any of Ru1gs RM, I-D, II,
ITI, or IV if 16 of their 20 responses corresponded to the predictions
of that rule (see Table 3). Whenever a situation of "double
classification" occurred, the children assessed in two categories were
arbitrarily assighed to the lower of the two rule classifications.
By assigning these children to the rule classification representing
the ]east amount of knowledge about the adjustment balance scale
task, it was hoped that chiiéren's knowledge wﬁs not overestimated.
The number of children classified with the adjustment procedure
are shown in Tab]e 5. It should be noted that the numbers in
parentheses-in Table 5 indicate the number of children who achieved
16 out of 20 responses according to the next highest rule (i.e.,
double classification). For example, consider the children classified
as shown in Table 5 at a Rule I[-D Tevel. For the 7-year-old males,
four are classified at the Rule I-D level. In this example, the "2"
in parentheses indicates the number of these 7-year-old males who
were also classified at a Rule II level. In other words, 2 of the
4 7-year-old-male Rule I-D users couid have been classified at a
Rule II level. Twelve of the 60 children (i.e., 20%) were "double
classified" into both of two rule categories.
As shown in Table 5; 46 of the 60 children in the present study
(i.e., 77%) were classified according to the rule models for the

adjustment procedure. Seventeen children responded at a chance level



TABLE 5
Number of 5- and 7-year-old Male and
Female Children Assessed for Rule

Usage in the Adjustment Posttest—iﬂ’

Age Sex

M

Totals

RULES

RM* 1-D II II1I IV
5(0)**

T

3(2)

101)

2(0)

4(1)

5(0}

7(3)

10(1) 1(0) - 14

*Note 1.

**Note 2.

***Note 3.

For the adjustment procedure, the prediction pattern
for the RM category also applies for Rule I' use, and
for the use of Rule I by children who attend primarily
to the weight dimension. This is possible since any
children using Rule I' or Rule I (weight) during the
adjustment procedure should respond at a chance level
(i.e., 25 percent correct)}. It should be noted, that
this RM category may contain children who are actually
functioning at higher knowledge Tevels represented by
Rule I' or Rule I {weight).

Parenthesis indicates the number of children in that
category who are also classified at the next highest
rule level (i.e., "Double Classification").

The "?" symbol represents the category of children
unclassified by the adjustment procedure.
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(i.e., 25 percent corréct)_and were classified as Random Model users.
Eleven children were classified as using Rule I-D during the adjustmen?
posttest ;}nce”their responses conforméd.to the predictions of that
rule model. Seven children were assessed as Rule II users; ten
children were cate;orized as using Rule III; and only one cﬁi]d was
assigned a Rule IV classification. Fourteen of the 60 children in
the present study (i.e., 23%) were unc1assi?ied according to the rule

assessment criteria for the adjustment procedure.

Rule Model Classification of Pretest Rule I 6hi1dren. The method

of assessing rule use during 'the adjustment procedure for the 42
pretest Rule I children was identical to the description given in the
previous section for all children in the present study. As shown in
Table 6, 33 of the 42 pretes% Rule I users (i.e., 79%) were classified
according to the rule model predictions for the adjustment procedure
(see Table 3). Twelve of the pretest Rule I children responded at
a chance 1eve1 (i.e., 25 percént correct) during the adjustment
posttest and were classified at the Random Model Tevel. Nine
‘pretest Rule I children were cléssified by the adjustment procedure
as using a Rule I-D approach. Five of the pretest Rule I children
were assigned a Rule II classification due to their performance on
the adjustment posttest. Seven pretest Rule I children were
classified wifh the adjustment procedure as Rule III users. However,
none qf the pretest Rule I children were classified at a Rule IV
level during the adjustment posttesé.

Nine of the 42 pretest Rule I users (i.e., 21%) were

unclassified according to the criteria, 16 out of 20 responses



TABLE 6 40

Number of 5- and 7-year-old Male and
Female Pretest Rule I Children
Assessed for Rule Usage in the

AMjustment Posttest

Age  Sex

RULES

RM* 1-D 11 111 v TERR

5(0)**

1(0)

2(0)

2(1)

Totals 12(0) o7y s(2) 700 o 9

*Note 1.

*iNogte 2.

***Note 3,

For the adjustment procedure, the prediction pattern
for the RM category also applies for Rule I' use, and
for the use of Rule I by children who attend primarily
to the weight dimension. This is possible since, any
children using Rule I' or Rule I (weight) during the
adjustment procedure should respond at a chance level
(i.e., 25 percent correct). It should be noted, that
this RM category may contain children who are actually
functioning at higher knowledge levels represented by
Rule I' or Rule I (weight).

Parenthesis indicates the number of children in that
category who are also classified at the next highest
rule Tevel (i.e., "Double Classification'}.

The "?" symbol represents the category of children
unclassified by the adjustment procedure.
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conforming to a rule, for the adjustment procedure. Of these un-°

classified pretest Rule I children; seven had 13 to. 15 responses
according to the Random Model; one child responded 14 out of 20 times
accerding to Rule II; and, one child }esponded 14 out of 20 times
according to Rule [II.

‘As shown in'TabTe 6, ninelof the pretest Rule I children were
in a situation of double classification for the adjustment procedure.
In the group of 5-year-old ma1es. one ¢hild could have been classified
as Rule I-D or Rule II, and another child as using either Rule II or
Rule III. Only one 5-year-old female was double ciassified as either
Rule I-D or Rule II.. For the 7-year-old males, two children were
classified as Rule I-D or Rule II; and one child was c1assif%ed as
either a Rule II er Rule III.eser. Three 7-year-old females were
categorized as either Rule I-D or Rule II children. None of the
other pretest Rule I children were found in a situation of double
"classification during Ehe adjustment procedure. In the following
section, the previous.c1assifications will be used to assess distance
usage during the pretest and posttest sessions.

Distance Usage: Pretest vs. Posttest. Siegler's (1976, 1978)

rule models predict that a child does not attend to the distance
dimension while solving balance scale pr5b1ems unless he/she is
using one of Rules II-IV. On the other hand, Siegler's models may
underesfimate children's balance scale knomﬂedge. If this is indeed
the case, then pretesb Rule I users may be assessed at a Rule I -0
or Rule II 1eve1 with a different procedure,. ThJS p0551b111£y-; §~'
investigated in the present study by categor121ng children s - ;.f;

" . . . .

~

ovd

!

-ﬂ‘l"_-
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distance use and then assess1ng the significance of any changes in
the use of the distance d1mens1on to solve balance scale problems.

Children in the present study were categorized as non-distance
(ND) users if they had been classified as Random Mode], Rule I', or Rule
I users during the Siegler pretest or posttest. Unclassified
children, including those predicting LWD, were also categorized as ND
users. Any child using one of Rules II-IV during thea Siegler pretest
or posttest was categorized as a distance (D) user. For the Siegler
pretest, there were 54 children categorized as ND users, and six as
D users (see Table 7). In the Siegler posttest, 55 children were
categorized as ND users, while five used the distance dimension
(see Table 8). McNemar's test for the significance of changes
(Siegel, 1956), was used to assess changes from ND in the Siegler
pretest to D usage fo;_the Siegler posttest. As shown in Table 9,
this nonparamefric method revealed no significant change from ND to D
.usage between the Siegler pretest and posttest, p<.05. This analysis
indicated that children were not solving b;1ance scale problems by
attending to the distance dimension immediately prior to the
presentation of the adjustment posttest. It was unlikely, then, that
any changes in rule usage indicating that children were using the
distance dimension fo solve adjustment problems were due to
"practice effects."”

A child was categorized as a D user on the adjustment posttest
if he/she was c]aséified at a knowledge Tevel represented by one of .

Rules I-D, II, III, or IV. Unclassified children and those using
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Number of 5~ and 7-year-old Male and Female

Children Assessed for Distance Use ‘during the Siegler

Pretest

Category of Distance Use

ND* D *
Age Sex
M 14 1
5
F 15 ]
M 13 2
7
F 12 3
Totals 54 &
*$D = non-distance use
**p = distance use »
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TABLE 8

Number of 5- and 7-year-old Male

land Female Children Assessed

for Distance Use During the Siegler Posttest

" Age

Totals

Sex

Category of Distance Use

ND
14

14 -

14

13




45

TABLE 9
Numbér of Children Assessed for .
Changes in the Use @f the Distance
_ Dimension Between the Siegler Pretest

and the Siegler Posttest

{

5 Category of Distance Use
| for the Siegler Posttest

ND D

Category of
Distance Use for D 2 4
the Siegler Pretest ND 53 . 1
Totals 55 5

it
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a Random Model approach to solve the adjustment problems were
categorized as ND users. With this method of assessing distance
knowledge, 31 children were categofized as ND users and 29 as D users
for the adjustment posttest. '

'  Changes in the use of the distance dimension between the Siegler
pretest and the adjustment posttest were examined for bqfh 1eve}s 6f
the age and sex variébles.' In these cases, the Einomiaf'fest~
(Siegel, 1956) was used due to the 5ma11er sample sizes.w As shown in
Table 10~A, for the group of 3-yeér-o1d ma1es; nine chi]drenlwere
categorized as ND users and one as a D user for both the Siegler
pretest and adjﬁstment posttestl Five of the 5-year-old males changed
from ND use on the Siegier pretest to Dﬂuse on‘the adjustment posttest.
However, none of the 5-year-old males changed from D use on the .
Siegler pretest to ND use on éhe adjustment posttést. An analysis
indicated a significant change from pretest ND use to D use during
the adjustment procedure for the S-year;OTd males, p<.05. In the
group of 5-year-oid females, shown in Table 10-8B, 13 children were
categorized as ND users for:both=the -pretest-and adjustment posttest.
Onty two of the S-yeaf-on females ‘changed from ND use on the pretest
to D use for the adjustment procedure. None of the 5-year-old females
were categorized as D users on the Sieglier pretest. An analysis
reveaied no-significant Change from pretest ND to adjustment D use
for the 5-year-old females, p>.05. In the group of 7-year-cld males,
shown in Table 11-A, six children were categorized as-ND users and two
as D users for both the pretest and adjustﬁeﬁt posttest. Seven of

the 7-year-old males changed from ND use 1q,tha\pretest to D use for



TABLE 10
~ Number of 5-yearf01d Male aﬁd Fema1q~
N Children Assessed for Changes in the
Use of the Distance Dimension between

the Siegler Pretest and Adjustment Posttest

Category of Distance Use
for the Adjustment Posttest

(A) S5~year-old Males

,ND D
Category of b0 ]
Distance Use ND g 5
for the '
Siegler Pretest (B) S-year-old Females
ND 0
D O 0

ND 13 2
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TABLE 1
Number of 7-year-old Male and Female
i+ Children Assessed for Changes in the Use
" of the Distance Dimension Bethen'the

Siegler Pretest and Adjustment Posttest

Category of Distance Use

For the Adjustment Posttest

(A) 7-year-old Males
ND D
D 0 - 2
F . .
Category of ND 6 7
Distance Use
for the (B) 7-year-o0ld Females
Siegler Pretest . ND D
D 0 3

ND 4 8
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the adjustment posttest. However, none of the 7-year-old males changed
from D use iﬁ the pretest to ND use in the adjustment procedure.
In this case, an analysis indicated a significant change from pretest
ND to adjustment D use, p<.01. As can be seen in Tabie 11-B, for the
group of 7-year-old females, four children were categorized as ND
users and three as D users for both the Siegler pretest and the
adjustment posttest. Eight of the 7-year-old females changed from
ND use on the pretest to D use on the adjustment posttest. None of
the 7-year-old feﬁales changed from pretest D use to adjustment posttest
ND use. The analysis revealed a significant change from pretest ND
usé to adjustment D use for the 7-year-old females, p<.01. To
summarize these analyses, the change frbm pretest ND to adjustment
posttest D use was significant for each level of age and sex with
the exception of the’S—yeér-old females.

Distance use during the adjustment procedure was further
examined at the two age levels for the pretest Rule I child}en. As
shown in Table 12, 15 of the 19 5-year-old and eight of the 23
7-year-old pretest Rule I children were categorized as ND users for
the adjustment posttest. In addition, four 5-year-old and 15 ?-year-on’
pretest Rule I ;hi?dren wefe categorized as D users with the adjustment
procedure. A chi-square analysis of these data revealed that the
7-year-old pretest Rule I children were more 1ikely to use the
distance dimension while solving adjustment problems than were the
5-year-olds classified with the Siegler pretest according to the

Rule I model, X° (1) = 8.20, p<.05.
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TABLE 12
Number of 5- and 7-year-old Pretest
-Rule I Users Assessed for Distance

Use During the Adjustment Procedure

ND D Totals
5 15 ~ 2 19
Age .
7 8 15 23

Totals 23 19 42
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Ana1ys§s of Correct Responses for Pretest Rule I Users. The

correct responses of the 42 pretest Rule I children duving the
adjustment posttest were examined witﬁ an analysis of wariance
procedure. The major intent of this analysis was to te;t the‘
generality of the Rule I knowledge level. The adjustmghf’posttest
performance of the eleven 5-year-old males, the:eight 5-year-old
females, the thirteen 7-year-old males, and the ten‘5-year-01d female
pretest Rule I useré is shown in-Figure 6. These data were analyzed
by a 2 (age: '5- versus 7-year-olds) X 2 {sex: male vs. female) X

5 (problem-type: -AB,-AN, AD, ACD, or ACB) analysis of vari;hce ﬁith
repeated measures on problem-type. Significant main effects for age
and problem-type were found, F (1,38) = 11.66, p<£.01, and F (4,152) =
13.63, p<.001, respectivefy.

In addition, a significant interaction effect between age and
problem-type, was found, F (4,152) = 2.99, p<.05. This interaction
is illustrated in Figure 7. The significant age by problem-type
interaction can be explained by the fact that the 7-year-olds made
significantly more correct responses than the 5-year-olds for the AB,
AD, and ACD problems while such age differences were not observed
for the AW and ACB problems, p<.05 (Tukey's HSD procedure). This
significant interaction was- further examined by analyzing the simple
.effeEt of problem-type within each age level. The 5-year-olds solved
only the adjustment balance problems significantly more often than.
the other problem-types, p<.05. The 7-year-olds solved the AB; AD,
and ACD problem-types significantly more often than the AW and ACB

problem-types, p<.05.
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‘Also illustrated in Figure 7 is the predicted correct response
‘curve of a typical Ru‘le‘I7 user. Initial inspection of Figure 7
suggested that both .age group§ were perforﬁ}ng superior to a 25
percent correct response Tévgl. This“hypothesis was tested using an
adaptation of the t-test which allows for‘compaéisons between the
sample and population means when the population variance is unknown,
) (Dixon & Massey, 1951). For the purposes of tﬁe present study, the
mean scores received by both age groups on each prob1em-type were used
as saﬁp]e means. These ébéérved mean scores were compared to the
predicted mean scores for each problem-type, which for this analysis
were cdns}dered as population means. The measure of variance
required for the t-test was derived from a pooling of fhe error terms
and associated dégrees of freedom obtained from the previous analysis of
pretest Rule I users. This t-test analysis revealed that the
S-yeaé-ons differed significantly from predicted Rule I use only
for the AB,;E (190) = 4.73, problem-type, p<.0l. However, the
7-year-olds differed significantly from Rule I for problem-types,
AB, t (190) = 8.87; AD, t (190) = 6.27; ACD, t (190) = 5.97; p<.01;
and AW, t (180) = 2.26, p<.05. The 7-year-olds did not differ
significantly from predicted Rule I use on the ACB problem-type,

p>.05. These analyses indicated that the older children performed

7The predicted correct response curve for Rule I use
illustrated in Figure 7 also represents RM or Rule I' use for the
adjustment procedure.
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the adjustment balance task at a knowledge level consistently higher
than predicted by the Rule I model for all-adjustment problems with
the exception of the ACB problem-type. The younger chilgren performed
at a higher knowledge level than expected for Rule I use only on the
AB problem-type.

In summary, the posttest data indicated that a majority of the
children in the present study could be classified according to
Siegler's (1976, 1978) rule models with the adjustment procedure.

In addition, many of the pretest Rule I children were assessed as
using one of Siegler's rules during the adjustment posttest. An
assessment of distance usage revea1ed that.19 of the 54 children

who were iﬁitia1]y diagnosed as using the weight dimension only, used
the distance dimension duriﬁg the adjustment brocedure. Significant
.changes in the use of the distance dimension were found between the
Siegler pretest_aﬁd adjustment posttest. An analysis of these
changes indicated that the 5-year-old males and Y;year-old males -
and females used the distance dimension more often during the
adjustment posttest than during the Siegler pretest. In addition,
the analysis of the posttest performance of pretest Rule I children
re§e§1ed age-related differences, in that, the 7-year-olds were

more 1ikely to USethedistance dimension for solving adjustment
problems than were the S5-year=<0lds. Finally, the pretest Rule I

users were expected to be correct only 25 percent of the time when
solving adjustment probiems. However, these children achieved more
correct responses than predicted during the posttest, especially

the 7-year-olds.
—
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CHAPTER IV
DISCUSSION
The general purpose of the present study was to evaluate Sieg]er's‘
(1976, 1978) rule-assessment procedure for describing children's
knowledge about balance scale problems by (a} determining if
children's performance on Siegler's original balance scale task (choice
procedure) could be classified as successfully as Siegler demonstrated,
and (b) investigating children's use of the weight and distance
d}menéions while solving problems during an "adjustment" procedure.
fn particular, the present study was conducted to determine whether
or not converging evidence for the use of Siegler's Rule I could be
oEtained using aﬁ'adjustment procedure. In the following discugsion,
the find{ﬁgs of the present research relevant to an evaluation of
" Siegler's ruTe-assessment'procedure w%l]‘be considered initially.
Next, the discussion wif1 address age- and sex-related differences in
ba1aﬁce scale performance. The methodological issues of the present
study will then be examined and directions for future research will
be suggested.

Based on the present findings, what can be said about the extent
to whfch children's balance scale knowledge can be described using
Sieg1er;s rule-assessment method? This question will be addressed
first in terms of classifying children's balance scale performance

and then with regard to the generality of pretest Rule I knowledge.

Y
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Three méﬁor pieces of evidence from the pretest and posttest
sessioﬁs suggest that Siegler's rule-assessment method successfully
identifies children's knowledge about the balance scale task. First,
using Siegler's procedure, 87 percent of the 5- and 7-year-old children
were assessed as using one of the rule models to solve balance scale
problems. Secondly, of the eight unclassified children in the pretest
session, seven were found to use a "less wgight down" (LWD) rule to
solve the Siegler balance scale items. Siegler (1976, 1978) has not
reported jdentifying an LWD knowledge level in his research, and
therefore, this finding was unexpected. However;.these seven LWD
children predicted consistently on the basis of the weight dimensign,
and for the present study, were considered a spec%al case of~the Rule
I model; An important point is that, once we identify a specific
rule (i.e., "less weight down"), we can, as Siegler claims,
unambiguously classify children on the basis of their patterns of
correct answers and errors. Thirdly, when Siegler's rule-assessment
procedure was apﬁlied to the novel balance scale pr6b1ems {i.e.,
adjustment jtems), é majdrity of the children (i.e., 77%) were
successfully classified as rule users. These thrge pieces of evidenée
indicate that the present study confirmed Siegler's contention that
individual children's knowledge about the balance scale can be
identified with his ru1e-a§sessment technique.

An adjustment prpcedure was used in a posttest session to
evaluate the generality of Siegler's (1976) rule models for
describing children's balance scale knowledge. Siegler has claimed

that young children classified as Rule I users by his method
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primarily rely on the we1ght dimension to solve balance sca]e problems.
However, two results of the present research suggest that some of the
pretest Rule I users apparently knew the importance of the distance
dimension for solving the adjustment problems. First, when all 60
children were classified for rule usage with the adjustment procedure,
29 were assessed at a Rule I-D level or higher (i:é., distance users).
This finding indicates fhat 48 percent of the children were using the
distance dimension to solve adjustment problems, glthough only 10
percent were assesged as using that dimgnsion ﬁuring the prétest
(Siegler's task). More specifically, with the exception of the
5-year-o1& girls, children used the distance dimension more frequently
when they performed on the adjustmgnt task than wﬁen théy responded .
to the Siegler choice task. Second, the analysislof the posttest
pé}formance of the 42 pretest Rule I users-?evealed that these
children used the distance dimension for solving the adjustment
problems. The pretest Rule I users were expected to use the weight
dimension only, and consequently, would be correct only 25 percent of
the time for adjustment problems. Contrary to this expectation,
these children, especi;11y 7-year-olds, achieved a performance level
significantly higher than the predicted level. Thus, the generality
of pretest Rule I knowledge was not evident with the adjustment
procedure, |

In summary, then, two conc1usipns can be drawn regarding the
Siegler rule-assessment method for describing~ch11dren's knowledge
about balance scale problems. First, Siegler's method is a usefﬁ1

procedure for identifying individual children's rule usage while
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so1ving the present novei version of the ba}énce scale task as well as
Siegler’s (1976) original version. Researchers, therefore, may not
learn as much about children's knowledge for solving balance scale |
problems by merely comparing the mean number of correct responses
between different age levels as by using Siegler's method. Second,
the use of Siegler's task alone may limit our understanding of
children's know]edée about balance scale prob]éms. At the same time o
‘howéver, the use of the present adjustment problems alone will
underestimate chilidren's knowledge. Recall that several children
attended only to the dfstance dimension'yhiTe so]&ing the adjustment

_problems, although they were.able to use the weidht dimension for —

| s

Siegler's choice task. What is implied in this second conclusion ié
l'that one must administer a relatively large number of problems under
different tgsk demands in order to understand children's full knowledge
about the balance scale problems. This last poinf‘may be.reéardeq
as a shorthming of Siegler's rule-assessment methoéo]ogy. In the
"absence of precise deveiobmenta] models for children's strategy‘use,
howevef, the advantage of Siegler's method (i.e., first conclusion)
shouid not be ignored. -

I wi]Tlnow consider several finding§ of the present study that
indicated age-related differences in young chiidren‘s balance scale
perfbrmance. First, in the pretest session, the 7-year-olds made
significantly more correct responses for wefght and'conflict-weight
problems than the 5-year-olds. Since these problem-types are solved

by Rule I use, this finding shows that the 7-year-o0lds are better

Rule I users for Siegler's procedure. Secondly, for the adjustment
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posttest, the 7-year-olds solved the adjustment balance, distance, and
conflict-distance problems significantly more often than the 5-year-olds.

This suggests that the 7-year-olds were more adept at using the

d%stance dimension to solve adjustment problems. Further evidence for

this conclusion was found in an analysis of distance use during the Q\H\h\\_

,adjuetﬁent procedure. An examination of age-related use of the

d%stance dimension during the adjustment posttest revealed that for

pretest Rule I users, the 7-year-olds were more likely than the

S-year-olds'to use this dimension to so1ve'adjustment problems. |
The preceeding findings that some of the pretest Rule 1 7-year-~ o1ds iy

used the distance d1mens1on during the adjustment posttest may be

. comparable to Siegler's (1976, Experiment 2) own findings. In this

previous study, Siegler reported age-related differences when children

had been eeuated for possessing only Rule I knowledge of the balance

scele problems. 'TheeelRu1e I 5- and 8-year-olds were given

additional experience (i.e., feedback trajning) with distance and

conflict-distance problems. Sieg{e} found that more 8-year-olds moved

to Rule II apd Rule III Tevels than did 5-year-olds. Siegler (1976).

investigated possibTe'causes\for this age-related difference in an

additional study (Experiment 3). He concluded that, fo} the balance

scale task, older children were better at encoQing the relevant

weight and distance dimensions after feedback training. With regard

to the present age-related findings, it is possible that 7-year-olds

are better pretest Rule I users since they encode the we1ght

d1menswon more accurate1y than 5-year- o1ds Cons1der1ng that the

distance dimension is more salient for the adjustment procedure,
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age-refated findings in posttest performance probably indicate that
7-year-olds encode distance in a novel task situatidn more accurately
than 5-year-olds.

At any rate, the observed age-related qifferences in children's
performance on balance §ca1e problems suggest the following sequence
in which children may acquire knowledge about these problems.' When
children begin topuse-rules to solve balancé scale problems, as Siegler
has hypothesized, a majority of them attend only Eb the weight dimension
(Rule 1). At this first (weight) level, just as many of the
5-year-o0ld Rule I users did ih-this study, children apply thfﬁ
rule to a wide variety of situat%éhs (e.g., both choice. and
adjustment tasks). At the second level, children become.aware of
the importance of the distance as well as the weight diﬁension.
These children, just as many of the 7-year-old pretest Ru]é I |
children demonstrated in the present study, use the weight dimension
only for one set of situations (e.g., Siegler's choice fask) and the
distance.dimen$ion only for another set of situations (e.g., adjustment
task). Children then move on to Siegler's Rule II Tevel at which |
they can use the two dimensions simultaneously under limited
tasks demands (e.g., two sides of the fulcrum have the same amount of
weight but different distances). Presumably, it should Be easier
to ?each Rule II 'to those children at the second Tevel than;at the
first level. | |
Regarding the sex-related finding, the analysis of correct
responses during the bretest'indicated.that the males were more successful

than the females at solving weight and conflict-weight problems. This
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suggests that males are better Rule I users than females. Sex-related
findings have not been reported by Siegler (1976, 1978) for the balance
scale task. 'Possfbly. the performance_of the five female LWD children
was responsible for this sex-related finding. Accoraing to predictions
for Siegler's rule-assessment procédure, Rule T users, relying on
the weight dimension, will be correct on-three problem-types (balance,
weight, and conflict-weight), whereas "less weight down" rule users
will be correct only for two proﬁ%em-types {batance and cqnfTict—
distance}. It should be mentioned that an additional analysis of the
pretest data which excluded all seven LWD children revealed no
siénificant sex and problem-type interaction.

We will now turn to methodological issues associated with the
adjustment procedureiv The first issue is related to the problem of
"double classification" which occurred in the present research for
‘some children. Situations of double classification emerged because
the differ;nt response patterns between two different rules used in
the present study were too close to-discriminate. In these
situations, the arbitrary assignment of children to the Tower
knowledge Tevel when they were assessed into two rule classifications
was carried out to avoid false.positive errors (Brainerd; 1977).

These response patterns were difficult to precisely discriminate aue
to (a) the selection of items, and (b} the arbitrary criteria (16
out of 20 responses conforming to a rule) for assessing rule usage.

In order to i11hstrate this double classificafion problem,
consider a Rule I-D child who predicts as expected for the first

three adjustment problem-types (see Table 3). MNotice that for these
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prob]ems,.the expected Rule I-D and Rule II response patterns are,
identical. So far, this Rule I-D child has achieved 12 out of 20
responses Eorresponding to both Rule I-D and Rule II use.- This leaves

uthe remaining two adjustment probiem-types o discriminate between
the two rules. Howevef, if the Rule I-D child solves the adjustment
conflict-distance problems at the expected 50 percent level and guesses
correctly once’ (25 percent) for the adjustment conflict-balance
problems, then 19 out of 20 responses are possible thch correspond
to bdth Rule I-D and Rule IT use. It should be noted that a similar
;ituation can occur between Rule II and Rule III for the adjustment
conflict-balance problems. One suggeg}jdﬁ for future research with this
task is to select adjustment items so that the expected:response Tevel
between these rules differs by 50 percent or more for the adjustment
conflict problems. | |

The second methodological issue involves the actual test
administration. In its present form, a child responding to the
adjustment prbcedure must place his/her amount &f weight on one of
the four available pegs. In the case of diagnosing-Rule I-D use,
for example, this creates a situation where the child is forced to
guess during adjustment weight probiems. Since the child should think
that by choosing the first peg on the empty side a "balance" will
result, he/she considers the other available pegs. However, a Rule
I-D child should know that distance will cause the scale to tip, and
this will result, as far as he/she is concerned, if either the second,
third, or fourth peg is selected. To show Rule I-D knowledge, thén,

the child should say "impossible." Since this is not allowed in the
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present procedure, the child is forced to choose one of the four
available pegs. The adjustment procedure could be modified to correct
for this difficulty, simply by allowing children the opportunity to

leave the balance scale empty. ‘ s

Concluding Remarks

Most developmental psychologists would agree that models of
development should state bo;h early and later forms of competence
and provide an easy interpretation of each model as both a precursor
and successor to other models in é developmental sequence {e.g., Brown
& Deloache, 1978). Siegler's rule models examined in the present
study certainly meet this criterion by specifying distinct%ve
cﬁ;racteristics of early limited competence, intermediate skills, and
the final level of proficiency. When Siegler's (1976, 1978) rule-
assessment procedure was applied in the present research to children's
responses to balance scale problems (pretest “"choice" task), it was
demonstrated that individual children's rules were unambiguously
classified. 1In addition, Siegler's methodology revealed some young
children using an unanticipated "less weight down" rule to solve
balance scale problems. These findings indicéte that Siegler's
method is very useful for diagnosing children's knowledge levels for
his version of the balance scale task. However, the performance of
chj]drén during the adjustment procedure for the balance scale
reveé]ed that the use of Siegler's "choice" task alone may
. underestimate children's knowledge of the distance dimension. This

finding supports the claims of previous investigators (e.g., Gelman,
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1979; Smedslund, 1963) who have stated that identffication of
children’s knowledge may be dependent on the differeat saliency of
different relevant task dimensions, and variations in task procedure.
In particular, the findings of the present study suggest that some
Rule I children have knowledge of the ‘distance dimengion when assessed
with adjustment balance scale prob1ems. To this extent, the
generality of Siegler's Rule I knowledge Tevel was not found in the
present study. For future research with the present adjustment
procedure it is éuggested that children's kﬁowﬂedge levels would be
more clearly identified if they were allowed not to place their
weight(s) (i.e., say "impossible"). In addition, it was recommended

that adjustment items be selected which would allow for more precise

discriminations hetween rule levels.
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APPENDIX A
Selective Review of Research
Employing Ba]anée Scale Task

Inhelder and Piaget (1958) introduced t-he balance scale task ag'-
part of a serfes of science’related tasks designed to elicit formal
operational thinking in children and adolescents. Since its
introduction, the'bgiance scé]e task has been employed to replicate
Piaget's findings (Jackson, 1965; Lovell, 1961), investigate ;;e
nature of the relationship of formal operational tasks (Bady, 1978;
Bart & Airasian, 1974}, and in research involving information
ﬁrocessing approaches (Siegler, 1976, in press; Wilkening & Anderson,
1982). The balance scale task has also been used as a measure o%
cross-cultural differences in formal operations ability (Kishta, 1979)
and studied in relation to other non-Piagetian tasks measuring | |
‘proportional thinking (Lawson & Wolliman, 1880).

The aim of the present review is to demonstrate that, until
recently (i.e., Siegler, 1976), investigations of the balance scale
task have suffered from the lack of a standardized procedure and an
inadequate task ana‘lysis.lj In order to accomplish this, an initial
explanation of Inhelder and Piaget's (1958) conception of the balance
scale task will be presented. Then, in subsequent sections, studies
employing the balance scale in replication research will be reviewed.
Finally Siegler’s (1976) analysis of the balance scale task will be
considered.

- Piaget's stage of formal operations is characterized by the

¢child's increasing ability to solve science related tasks such as the
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projection of shadows, bending rods, pendulum, and the balance scale.
To solve these tasks with a formal operational approach meant that the
c@iid would isolate aﬁd combine variables in an abstract, hypothetico-
deductive manner. Consider the balance scalé task. According to
Piaget (Inhelder & Piaget, 1958) success in thi§ p¥0b1em—so1ving
situation occurred when the child systematically varied the relevant
dimensions of weight and distance to diseﬁver their proportionaT
relationship. A simple trial and error method of combining the
relevant variables was not interpreted as formal operational reasoning.
The child was required to exbress the idea of adjusting a certain
distance, for example, to compensate for a change in a particular
weight. _ | ‘

Apparently, Inhelder and Piaget (1é58) employed two different
types of balance scale tasks. One simply consisted of a crossbar
from which baskets containing toy dolls were hung. In this vers{bn,
the subject cou]d.not éssign a numerical value to distance (the,
crossbar was'unmarked) and the dolls did not have a speciiic numefica1
weight. Unfortunately, Piaget does not indicate where he uses this
particular task, but it seems reasonable to assume it was used with
young children to investigate qualitative correspondences between _
weight and distance. Therther version consisted of a crossbar per-.
forated with holes equidistant and symmetrical about a pivot point.
Differing weights were hung through the holes in the cro%sbar. It
Js this second version which has been adapted for use in most |
formal operétipns research (e.g., Siegler, 1976; Wilkening &

Anderson, 1982).

~
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Inca typical Piagetian assessment, the experimenter placed
-weights on the crossbar and asked the child to create a balance
(Inhelder & Piaget, 1958). The child was free to adjust the weightﬁ
and distances while being prompted and questioned by the eipef%mentef.
Tﬁe data from these sessions consisted of thed?hi]dfs manipulations .
and verbal explanations. This data was interpreted within a structure
of three staées, each with two substages. Inhelder and Piaget (1958)
reported that 3- to S-year-old children were not able to separate
Eheir own actions from those of the balance scale. This was
considered indicative of substage IA. Children progressed from
substage IA until they discovered the correct proportional
relationship between weight and distance.in substages IIIA anq IIIB
(qges 12- to 15-yéars—old). Piaget obﬁerved that children tended
to realize the importance of the weight dimension first (substage
IB, 5- to 7-years-old) but did not coordinate the two dimensions
-until substage IIB.(ages 10- to i2-years—o]d)-

The methodology employed by Inhelder and Piaget (1958) has been
criticized for being too open-ended and clinical in nature, lacking a
standérdized procedure {Brainerd, 1978). For example, it is unclear
how many weight arrangéments Piaget presented to each child. As well,
the number of prompts and questions from the experimenter varied with
each child. Tt will be indicated next that iq the initial replication
studies this situation did not improve.

The initial reﬁ]ication studies (Lee, 1977; Lovell, 1961;
Jackson, 1965) were carried out to verify Piaget's cdescription of the

transition to formal operations, and to investigate the re]atiqnship
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between the formal operational tasks. These studies supportéd
Piaget's ciaim that the transition occurred during early adolescence
(12- to 15-years-old). However in each of these studies few '
adolescents were found who understood the balance scé]e task in termé
of numerical propoftions. Keating (1975) in a study of intellectually
precocious individuals, and Martorano (1977) also found that a
majority of their subjects did not perform at the level of formal
operations on the balance scale task;r : |

As Qe11, Piaget indicated that an individual should exhibit
similar ggnformance on all formal operational tasks. However
research-investigatinq'the concurrent performance of Piagetian formal
operations tasks has been inconsistent. Lee (1971} found similar
leveis of performance on the projectidné of shadows and balance
scale tagks. Keating (1975) did not report any significant task
diffefences in performance between four formal operational tfasks.
Lawson (1979) and Bond (1979) both reported correlations between
scbres on the balance scale and two other formal opefationa] tasks which
supported Piaget's contention that they measured the same uﬁder]ying
structure. However, in previous research, Lawson et al. (1975)
failed to find a high correlation between scores on the bending rods
and balance scale task. They concluded that this result was
obtained because their sample Qas not drawn from a diverse
population. ‘

As indicated by Bady (1978) and Martorano (1977) several
methodological issues‘inhibit any attempt to draw general conclusions

from these studies. According to Bady (1978) many of these
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studies use only one or two Piagetian tasks to rate a ﬁubject as forﬁaT
or concrete opérational. For exémp]g, Lawson (1978) used only two e
balance scale items to determine formal operational performance on
this task. As well many researchers employing the balance scale task
do not report what type of problems or how many are presented to

“the subjects (Keating, 1975; Kishta, 1979; Martorano, 1977). Many
of these fesearchers used different methods of écoring. Bady (1978)
simply dichotomized his subjécts as formal or nonformal. Lawson

i 7

(1979) initially scored the subjects responses on a seven point

scale and then derived three categories; either concrete, fﬁansitiona1,
or formal. Martorano (1977) initially used a five point scale but
dichotqmized these scores for analysis. Some researchers (e.g.,

Spada& Kiluwe, 1980; Spada, 1978) have attempted to measure formal
operations with a pencil and paper test. These difficulties due to
inconsistent procedure,adifferent task materials, and scoring

criteria, may have been }eso1ved by Siegler's (1976) introduction of |
the ruTe-asses§ment methodology.

Siegler (1976) attempted to characterize children's know]edge
about the balance scale task in terms of four rule models. These
rule models corresponded to %ncreases in a subject's ability to
solve balance scale problems. Also, Siegler (1976), classified
balance scale problems into six different categories. For each rule
model {representing a certain knowledqe level} different predictions
were made according to how & child following the rule would solve
the six types of problems. These predictions were then matched to

!
observed performance very closely in Siegler's (1976) Experiment I.
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Siegler's analysis of the balance s;a]e task also enabled him to
sugqest_that children who were poor at solving balance scale problems
did so because-of inadequate encoding of the relevant dimensions .
of weight and distance (Sieéler. 1976, Experfment III). Siegler
(1981, in press) has extended his use ofv}glg—assessment to other
formal operational tasks.

Although Siegler's method rep(esents a potentially powerful
research approach, it has been recently critiﬁized. Wilkening and
Anderson (1982) claimed that Siegler's forced choice method generates
nonintegration rules (i.e., binary decision trees). Siegler's
rules suggest that children compare the relevant dimensions of
weight and distance one at a time. Wilkening and Anderson (1982)
suggested that subjects actually do integrate these dimensions when
solving balance scale problems. To test this they used a balance
scale similar to Siegler's, however, on one side of the fulcrum a
sliding peqg replaced the usual four peas. The children were required
to slide the weighted peg to a position of balance with a weight
arrangement on the other side. Wilkening and Andgrson’ (1982)
reported thét with this procedure the children appeared to use an
adding and a hu]tip1icative rule for integrating the weight and
distance dimensions.

Although it may be premature to assess the adequacv.of
Sieqler’s {1976, 1981) rule-assessment methodology, it certainly
represents an advance over previously used procedureg. As well his
method is very clear in detailing the types of prob]emé and the

procedures used for their administration to subjects. It has been
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applied to a variety of Piagetian tasks with impressive results.
However, whether or not his method generates nonintegration rules due

to a forced choice procedure is an issue requiring -further research.
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PRETEST AND POSTTEST BALANCE
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TABLE A

Analysis of Children's Correct Predictions for
£

Siegler's (1976) Version of the Balance Scale Task

Source - 8§ ‘ df MS F

Between Subjects

Age 6.400 ) 6.300 10.19*
Sex ~ 0.900 o 1 0.900 1.43
Age by Sex 0.711 1 0.71 1.13

Error 35.156 . 56 0.628

Within Subjects

Problem-type 897.133 5 179.427 151 .36%*
Age by Problem-type  21.700 5 4.360 - 3.66%*
Sex by Problem-type 1é.467 ' 5 3.293 2.78*;*
Age by Sex 1.122 ) ) 5 . 0.224 0.19

by Problem-type
Error 331.911. - 280 1.185

. *F 99 (df 56 and 1) = 7.126
**E 99 {(df O® and 5) = 3.02
falaial 3 95 (df @»and 5) = 2.21




TABLE B

/'\as

/
/
/

Analysis of Pretest Rule I Children’s Correct

Responses for the Adjustment Balance

Scale Task

-
Source SS df _ MS\\\ F
Between Subjects | |
Age 34.841 1 34.841 L 11.66*
Sex 3.600 ' - -3.600 | 1.20
Age by Sex 10.268 1 10.268 3.44
Error 113.562 38 2.988
Within Subjects
Problem-type 73.113 4 18.278 | 13.63**
Agé.by Problem-type | 16.037 4 4.009 2.99%**
Sex by Problem-type 3.929 4 0.982 0.73
Age by Sex 2.792 4 0.698 0.52
by Problem-type )
Error 203.861 - 152 1.341

* =
F_99 (df 38 and 1) = 7.36

""’F.99 (df 152 and 4)

*“""'F.95 (df 152 and 4)

3.452

2.438




APPENDIX D

RAW DATA

84

e



Children's responses and classifications for the Siegler (1976, 1978) balance stale task
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Children®s responses and classifications for the Siegler (1976, 1978) balance scale fask

STEGLER PRETEST
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