DOCUMENT RESUME

ED 308 952 \PS 018 129

AUTHOR Blevins-Knabe, Belinda

TITLE Connections between Addition and Subtraction
Reasoning and the Use of Quantifiers.

PUB DATE Jun 88

NOTE 14p.; Paper presented at the Meeting of ~the Jean
Piaget Society (Philadelphia, PA, May 26-28,
1988) .

PUB- TYPE Reports - Research/Technical (143) --
Speeches/Conference Papers (150)

EDRS PRICE MF01/PCO1 Plus Postage.

DESCRTPTORS =Addition; =Division; *Individual Differences;

*Mathematics Skills; *Performance Factors; Preschool
Children; Preschool Education; Problem Solving;
=*Subtraction

IDENTIFIERS xStructural Organizers

ABSTRACT

Preschool children's problem-solving strategies on
structured and unstructured number tasks were compared in this study.
Participants were 20 four-years-olds and 20 five-year-olds. Each
chiid was administered a number conservation, addition and
subtraction, and division task. The addition and subtraction task
contained trials which were designed to classify children into one of
three levels of addition and subtraction understanding: primitive,
qualitative, and quantitative. In the division task, subjects were
asked to allocate equal numbers of cardboard "cookies" to two "cookie
monsters.” Subjects in the qualitative and quantitative levels on the
addition and subtraction task had different levels of success on the
division trials. Findings indicated that qualitative children relied
on perceptual strategies to make judgments. Strategies children used
on a large, odd number division task included one-one correspondence,
many-many correspondence, subtraction, counting, and miscellaneous
distribution. Both qualitative and quantitative children used all
types of strategies, but differed in the frequency with which they
used miscellaneous distribution and subtraction. The qualitative
children used these two strategies significantly more than did
quantitative children. It is concluded that the three-level model of
addition and subtraction understanding has applicability beyond
addition and subtraction problems. (RH)

XXX E R AT AR R AR AR AR AR A R R R A A R A A A R R R R A R A A R A R AR A R AR R KR AR R AR R R RRARRRRRRRRRRR X

% Reproductions supplied by EDRS are the best that can be made x

* frok the original document. %
A AR R R R A R A A R R R A R R R A R A R R R R I R R R A R A R AR R AR R I R AR AR R R R R R R AR RRRRRRAIAN KX




ED3089gx52

U S. DEPARTMENY OF EDUCATION
Qffice ot Equcatonal Research ang Improvement
EDUCATIONAL RESOURCES INFORMATION

CENTER (ERIC)
C This document has been reproduced as
freceved from the person or organzation

nginating it . -
)(:A»nct changes have been made to improve Connections Between
veproducuon quaity N 1

7Y
® Poantsotviewor., dos Statednthis docu-
ment do not necessaniy represent othicial
QERI position of pohey

Belinda Blevins-Knabe

Connections Between Addition and Subtraction Reasoning and the Use of
Quantifiers

“PERMISSION TO REPRODUCE THIS

D p tment Of PSYChOlOgY MATERIAL HAS BEEN GRANTED BY
——--—ijepar \

University of Arkansas at Little Rock Iéxre hnda

2801 South University X — Ko

Little Rock, AR 7220l V\"\Si_\&bi

TO THE EDUCATIONAL RESOURCES
INFORMATION CENTER (ERIC).”

Paper presented at the meeting of the Jean Piaget Society, June 1988,
Philadelphia. The research reported in this paper was supported by the
Marie Wilson Howell Endowment.

BEST COPY AVAILABLE

N




Connections Between
2

Connections Between Addition and Subtraction Reasoning and the Use of
Quantifiers

Many studies of number development focus on children's competence in
solving problems in a variety of tightly constrained situations. Fewer of
these studies focus on whether children use this competence when they solve
everyday number problems. Information concerning the spontaneous
strategies children use to solve number problems is of practical importance
since it indicates what children are actually doing on aiday to day basis
and it is also of theoretical importance since it relates directly to the
relationship between competence and performance, an issue which has
recently been given new life by Gelman, Meck, & Merkin (1986).

The purpose of this study was to compare preschool children's nroblem
solving strategies on a relatively unstructured number task, with their
performance on a more structured task. The more structured task has been
used in previous number studies and is similar to many number tasks in that i
clues about number are controlled by the experimenter. I assumed that this

task was a more sensitive measure of children's capacity, and would

therefore come closer to being an indication of their competence than the

to problems children encounter everyday and performance factors should have
more influence on this task. I chose an addition and subtraction task used
in several previous studies as the more structured task (Cooper, 1984;

|
|
|
|
less structured task. The less structured task was assumed to be similar .
Cooper, Starkey, Blevins, Goth, & Leitner, 1978). I classified it as the ‘

Iz
€1




Connections Between

3

more structured task because the addition and subtraction problems are

. solved by using one-to-one correspondence cues which the experimenter makes
obvious to the child. Children are not allowed to count or estimate the
objects so they have to rely on these one-to-one correspondence cues to
solve the problems. I used a division task that can be solved in a variety
of ways for the less structured task. In this task children are told to
divide a group of objects in half and are given no hints or help.

Twenty 4-year-olds and twenty 5-year-olds participated in the study.
Each child received a number conservation task, an addition and subtraction
task, and a division task. Only the addition and subtraction and division
tasks will be discussed. Children were tested across two days. The
addition and subtraction task was given on day 1 and the division task on
day 2.

The addition and subtraction task contained trials which were
designed to classify children into one of three levels of addition and
subtraction understanding, the primitive level, the qualitatitive level, or
the quantitative level (Table 1). In each trial the child was asked to
make relative numerosity Judgements about two sets of objects which the
experimenter established by placing one object simultaneously into each of
two cups until the sets were established. As the objects were placed into
the cups the experimenter said, "I'm putting one here and one here." If
the initial arrays were unequal the experimenter continued to place the

objects one at a time into a cup untii it contained the correct number.




Connections Between
]

The objects were placed into cups so that the final arrangement was not
visible to the child. This helped to prevent solutions based on
estimation. If children tried to count they were stopped and asked to do
the problems without counting.

The division problem coqtained the trials listed in Table 2. On eacﬁ
trial children were shown two cookie monsters and a pile of round cardboard
cookies, randomly arranged, and told to give both cookie monsters the same
number of cookies to eat. When they were finished they were asked whether
the two cookie monsters did in fact have the same number to eat.

Children were classified into one of the three addition and
subtraction levels based on their performance. There were 5 in the
primitive level, 23 in the qualitative level, and 11 in the quanititative
level (Table 3). Because there were so few children in the primitive level
only the performance of children in the qualitative and quantitative levels
will be discussed.

Children's performance on the division problem was scored on the
basis of whether they divided the cookies corrictly and in terms of the
strategies they used. On the even number division trials children were
scored as correct if they used all the cookies and put the same number on
each plate. On the odd number trials they were correct when they used all
but one cookie and put the same number on each plate. The qualitative and
quantitative children had different levels of success on the division

trials. As you can see by looking at Table Y the qualitative children
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found the Y4 cookie trial to be the easiest, followed by the 3 and 10 cookie
trials, and then the 11 cookie trial (Newman Keuls tests, p < .05). For
the quantitative children the 4 and 10 cookie trials were easier than the 3
and 11 cookie trials (Newman Keuls tests, p < .05). The quantitative
children performed significantly better than the qualitative children on
the 11 cookie trials (z = 2.72, p < .05). however, there are more
differences between the qualitative and quantitative children than this
percent correct data indicates. The qualitative children were incorrect on
the small and large number odd trials for different reasons. On the 3
cookie trial the majority of qualitative children, who were incorrect, knew
the 2 plates did not have the same number of cookies, but they said they
could not make them have the same number. On the 11 cookie trial the
majority of the qualitative children, who were incorrect, said both plates
had the same number. It appears that the qualitative children were relying
on perceptual strategies to make their Jjudgements on the 11 cookie trials.
When it looked like both plates had the same number, the children claimed
that they did. This interpretation is supported by the fact that the
majority of children who were incorrect. had put 6 on one plate and 5 on the
other plate. On both the 3 and 11 cookie trials, quantitative children who
were incorrect knev: the two plates were not the same. Some said they could
not fix them, and others said they needed 1 more cookie. On the 11 cookie

trial none of the children said the 2 arrays were the same.

Y
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Because children had to use some type of quantitative information to
be correct on the 11 cookie trials, children's strategies on these trials
were examined. Only children who were correct were included in the
analysis. The strategies children used were classified into the following
groups (see Table 5): one-one correspondence (putting one cookie on a plate
and one cookie on the other plate), many-many correspondence (puting some
on one plate and the same number on tae other plate), subtraction (remeving
one or more cookies from a plate), counting (any form of counting),
miscellaneous distribution (putting some on one plate and then putting a
different number on the other plate). The frejuency of use of these
strategies by qualitative and quantitative children is presented in Table
6. Children often used more than one strategy on a trial, however,
regardless of how many times it was used on a trial, each strategy was only
counted once per trial.

Both qualitative and quantitative children used all types of
strategies, but there was a difference in the frequency of use of
miscellaneous distribution and subtraction. The qualitative children used
these strategies significantly more than the quantitative children. The
use of these strategies fits with the intrepretation given above, that the
qualitative children put the cookies on the ~lates, looked at them to see
if they looked equal, and if they did not they adjusted the cookies, using
subtraction. On the other hand, the quantitative children were less likely

to make adjustments to the cookies because they were more likely to stop
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dividing the cookies once they had 5 on each plate. This suggests that the
quantitative children were relying on quantitative information to guide
their performance.

These results indicate that the three level model of addition and
subtraction understanding has applicability beyond addition and subtraction
problems. Children in the quantitative level used their quantification
skills not only on the relatively structured addition and subtraction task,
but also on the less structured division task. It is interesting that the
qualitative and quantitative children use the one-one correspondence, many-
many correspondence, and counting strategies with approximately the same
frequency, but that the quantitative children are more successful than the
qualitative children. It may be the case that the quantitative children
attend to the quantitative information provided by the strategies more than
the qualitative children.

The results indicate then that there are systematic relationships
between performance on the more structured addition and subtraction task
and the less structured division task. . Using Gelman, Merkin, & Meck's
(1986) terminology, performance on the addition and subtraction task can
be taken as an indication of conceptual competence and performance on the
division task can be taken as an indication of both utilization and
procedural competence. Since most, but not all, of the quantitative
children rely on strategies that can provide accurate information about
relative numerosity, the results demonstrate in this case .that changes in

conceptual compentence precede changes in utilization and procedural

competence.
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CONNECTIONS BETWEEN ADDITION AND SUBTRACTION REASONING AND THE USE OF QUANTIFIERS

Belinda Blevins-Knabe
Depariment of Psychology
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TABLE 1

Predicted Responses to Trials by Addition and Subtraction
Reasoning Levels

TRIALS REASONIi«+3 LEVELS
Initial State Transformation Final State Primitive Qualitative Quantitative
N* +1 N+1 correct correct correct
N +0 N
N +1 N+1 N+1>N+1+0 correct correct .
N+1 +0 N4+1
N +1 N+1 N+1>N+2+0 N+1=N+2 correct
N+2 +0 N4+2

* N means that arrays are initially equal.
N




TABLE 2
Trials Used in Division Task

Total number of cookies Number of trials
3 2
4 2
10 2
11 2
TABLE 3

Number of Children in Each Addition and Subtraction Reasoning Level

ADDITION AND SUBTRACTION REASONING LEVEL

Age Primitive Qualitative Quantitative
4 3 14 & 2
5 2 9 9
TABLE 4

Percent Correct by Additicn and Subtraction Reasoning Level
and Trial Type on the Division Trials

TRIAL TYPE
Addition/Subtraction Reasoning Leve! 3 4 10 11
Qualitative 6974 100* 73be pgacd
Quantitative 63% 100 g58h 68™

-

Note. Trials with the same superscripts are significantly different at p < .05.




TABLE 5

Types of Strategies Used in the Division Task

One-one Correspondence -
Putone cookie on a plate and one cookie or the other plate

Many-many Correspondence -
Put some on one plate and the same number on the other plate

Subtraction -
Remove one or more cookies from a plate

Counting -
Any form of counting

Miscellaneous Distribution -
Put some on one plate and then put a different number on the other plate

13




Table 6

Percznt of Children Using Division Strategies
on the 11 Cookie Trials

TRIAL
11 cookies 11 cookies
Strategy Addition/Subtraction Level (Trial 1) (Trial 2)
One-one Qualitative 30 67
(N=38) (N=6)
Quantitative 57 38
N=7)  (N=9)
Many-many Qualitative 50 33
Quantitative 29 %3
Counting Qualitative 50 33
Quantitative 57 63
. Miscellaneous Qualitative 75* 50**
Distribution Quantitative 28* 13*=
Subtraction Qualitative 88*** 67
Quantitative 43%** 38

T,

Note. Only the performance of children
*a significant decrease (z = 2.93,p < .05)

**a significant dacrease, (z = 2.31,p < .05)
***a significznt decrease (z = 3, < .05)

who werc correct on the 11 cookie trials is represented in this table.




