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"ABSTRACT |

- .- . [
i

A number of studies have shown that the inclusion of noise,

ol ’

or distractions in word problems tends tp increase problem difficulty
Piagetian'and related research has revealed that young children ex-
perience difficulties in developinginarticular concepts due to their
attention to irrevelant perceptual cues. 'Ther; is sone evidence that
.“young children are ‘also distracted 1in non-verbal nathematical problems,
" but the information is meager. The major purposes of the current study

‘a

wére to investigate the effects of distractions on problen-solving ‘
- behavior and performance in non—verbal problems, and the relationships :
between distractedness, sex, grade level, ability, conceptual tempo,'
lbproblem difficulty, problem~setting, and_problen-solving perfornance.
Sixlschoola Qere chosen s0 as to represent, as far as
practicable, the.population of grade l—3_students in ancity.nublic
QSchool system. Stratifiedifandom sampling procedures were used to
select ld g@oups, natched on sex ;nd ability, from each of grades'1-3
in the sub-populationtc At each grade level, each groun of 12 students
ivas randoml} issigned to one of two partitive division problems. (with,
or without a remainder) in one of five problem settings representing
different tynes and amoﬂnts of diatraction (minimal, situational,
* color-attribute, spatial—numerical or maximum. distraction) - ./
The 360 subjects attempted one prbblem individually, and
were asked how many of 12 (or 13) given cars would bern each of three
trucks if as nany as possible were loaded so as to put the sane numher '
;on every truck. ‘Each subject was}duestioned closely’in an:attempt to

iv _ {’ w |
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get at the thought processea used in the problem-solving task; in "
.panaicular, to check for attention to distractions. VerbaliZations .
weredrecorded on’sudiOft;pe, and non-verbal behaviors were noted on .
‘data cards. Subjectshwete‘allotted a acore on'the'problem-aOIVing
task and were classified as being distracted or non-distracted, and
as fast (impulaive) or slow (reflective) responders. '
five-way analysis of Qbriance revealed highly significant
main effects on problem-solving performance due to grade, ability,’

| problem difficulty, and problem setting. There wss no significant .

Y

IURVE L
-~ e

effect due to sex, but some interaction effects were ‘noted. Chi—
re goodness-of-fit tests, and tests for differences ‘between prop-

ortions Or means were used to investigate other relationahips. Very

 few of the subjects used a systematic‘proceaa.'Jﬂhe majority\were ,..
- distracted‘by irrek@vant'spatial-numerical or color-attributelcues;
Distractedness was influenced by the problem setting, ‘and had a very ’
significant effect on problem-solving performance. The ability to
cope with distractions'increased with grade level, and was greater
' among‘girls than boys. More subjects were distracted in the problem
':with s remainder than in the'one with no remainder; " Reflective respond-
| , : . : .

.t .
ers were much more successful than impulsive responders, but conceptual

tempo uas independent of‘distractedneaa, sex, ability,"or'grade levelL\ )

One conclusion was that distracted subjects appear to ident-
ify and‘aolve a different problem from the one asaigned. Thus, irrelev— :
ancles, act as distractions only wheh they form the basia of a plausihle
' alternative problem for the child. Finally, some;recommendations were

proposed for both‘teaching and further research7'
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THE PROBLEM.AND THE NATURE OF THE INVESTIGATION

"Problem solving’hes'nlways been an important component
of schoolvnathenatics programs. Yet, despite extensive research,
there is still wuch to learn sbcgt how childtgd solve problems and

what. factors affect problem—solving performancc. There is evidence '

Ito show that the inclusion of irrelevant data in a word‘problem
.incteeses its difficulty 1eve1.» There are also studies which reveal

' [
that young children can experience difficulty in formulating specific

concepts from concrete and pictorial material due to their attention

-"co itrelevqnt perceptual cues. However; there is no reseatrch

which has systematically investigated the role of irrelevsncies in,
. ‘

non-verbsl ptoblems. This study is an attempt to provide a found-

ation for bridging that gap. ~

Background to the Study . 0

In the field of mathematics education, problem solving '

-~

has received more attention by researcz?rs than any other area

»

_(Riedesel'ﬁﬁnurns, 1973; Suydam, 1976)>% Reviews of'research on

°problem solving in mathematics have piovided some useful gﬁides for

teaching and learning, but many questions remain unanswered id‘this

- area (Kifpatrick, 1969; Riedesel, 1969; Suydam, 1976). Alnosb all

* the research undertaken to date has been directed at verbal problens

¢ I At the - University of Alberta a research project was‘Initiated

2 . . . 1



to study the behaviors of young children, aged 3 to 9 years, in

solving non-verbal problems (Nelson, l976a; Nelson & Sawada, 1975).

The use of problems which were largely manipulative in nature meant

" that children\cpuld be studied at ‘a much younger age than is possible

in the case of word préblens. In addition, since the problems re-

quired many overt behaviors, a deeper insight could be.gaine& inter-

how children go about solving problems. A set of critegia_for ‘good'

problems was developed for the study (Nelson & Kirkpatrick, 1975).

These criteria were based on the research which was cufrently avail-

able; in particular, on the work ;f B}unet, Diénest and Piaget. The'

list of criteria for good problems is as follows:

1.

2.

A problem slould be of significance mathematically.

The situation in which the broblem occurs should
involve real objects or obvious simulations of real
objects. . _ . .
The’ problem situation should capture the interest

of the child.

<//

The problem should require/thé’chilﬂ himself to
move, transform, or modify the materials '

. The problem should offer opportunities for differ-

ent levels of solution.

The problem Bituation should have many physical
embodiments.

The child should -be convinced that ‘he can solve
the problem, and he should know when he has a
solution (Nelson & Kirkpatrick, 1976, pp 71.72)'

A number of investigators have reported findings from the

above research project (Bburgeois,~1976; Bourgeois & Nelson, in press;

4

Little, 1976; Nelson, 1976a; Nelson & Kieren, 1977). Ome finding

shdyed that some children seem to experieﬁpe difficulties in solving



x | |
problemé\due to their attention to irrelevant aspects of the problem
situatiod,. For example, Bourgeois-found that, in division'problems,
many of the younger children classified objects eccording to attri-
butes such as color, size or kind when attempting to make Equivalent
sets of/things. Some children also engaged in detailed simulations |
which were not central to the problem. |

Such irrelevant data are generally ref -red to as "noise"
or "distractions". ' Skemp (1971) maintains that "the greater the
noise, the harder it 1is tO'form the concept (p. 29)." He also states
that the ability to form concepts under conditions of greater noise
is an attribute of higher intelligence. Dienes (1963) makes a similar
‘claim, and sees cutting -through noise as a feature of the development
of a mathematical concept. Biggs (1968), who develops the notion of
assimilating information through coding of the relevant input, claims
that "adaptive coénitive development is characterized by the product-
~ lon of highly economicalicodes that cut:away the mnximum of noiee
(p. 26)." | o : N

The Piagetian studies provide numerous examples where
young children 8 centrations on irrelevant data prevent them from
developing specific concepts. For‘instance, children who had'not
grasped-the concept of distance considered that the distance separ;

-

ating two objects varied according to whether a door placed between

!
.

them was opened or closed (Piaget Inhelder, & Szeminska, 1960,
pp 71-83). ‘In the construction of a projected straight line, many

children in the pre-operational stage saw the'line as being straight
Q / .
only when it was parallel to the edge of the desk (Piaget & Inhelder,; -

]
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1963, pp/156-169). Children were often unable to conserve because
/ ‘

they fqeused on some irrelevant‘attribute; for example, a set of-e///)’/-\‘ \
objejt: would be considered by some non-conservers to contain’ mor } \\
whe /the objects were spread out further (Piaget 1952, pp 4[3-47). .
/get 8 (1969) experinsnts with children's concepts of time showed
/that children were easily distracted by both speed -and distance in
‘//reference to the notion of 'the same time' (pp 98-109). Inhelder
// and Plaget (1964) 'found that very youmg children continually varied
| their criteria when they attempted to classify objects (pp 21-31).

Vygotsky (1962) also foundqsimilar results in tasks involving the

classification.of blocks ~- children;changed criteria to whatever .

attracted them. <

Stevenson (1975) lists a number of key factors of relev-
ance to learhing\and cognition in mathematics. Two of these are

repeated below.®

Children may make errors because they attend to
the irrelevant attributes of a situation (p 4).

Young children are easily distracted by the pres-
ence of irrelevant information (p. 5). :

Stevenson quoted several studies to support these statements.

Gelman (1969) used oddity ta‘5ﬂ to train five—year-old non—conservers
“to attend to the numbers of dots and to ignore the irrelevant config—
urations of the dots on task cards. Following this training nearly
all'the subjects showed perfect conservation of both number and iength.
More than half were also able to comserve liquid and mass. In a '
esimilar‘study Bryant (1974) succeeded‘in training four- and'five-yesr—

olds to conserve number. Objects&yere arranged in a line and the



subjects were‘tsught to ignore the irrelevant length cue. Lubker
and Small (1969) presented young children with oddity tasks which
required tuem to select the‘object oifferent in color. When one. or
two irrelevant sttributes such‘as 8ize or thickness were also included,
the subjects performed only slightly sbove chance level With no

irrelevant attributes, over‘29 percent of responses were correct.

Mansfield (1970) used\three differefit visual discrimin- -

ation problems to investigate the effect of noise on the performances
‘of kindergarten and firstegtade children. On each probiem.the subject
learned to ;ake a correct response in the abseuce of noisg. Irrelev-
anclies were then added in graduated iucrements in Bsuccessive trials
until the‘subject made an error. The thresholds for noise were found
to be a functipn of the type of problem. Also, there was an improve- -
ment with age in the ability to cdpe with noise.
“ There are also other studies which indizste that young
children are distracted7by'visusl cues., For example; Saltz et al
‘(1972) administered classification tasks to children in kiudergérten,
grsde three, and grade six. The subjects had to decide which of 70
pictures were instances of six different concepts The physical
appearance of objects was a more critical factor\in the conceptual
behavior of the younger children than the older children. Thus,

a

younger children focused on the irrelevant perceptual attributes
. ‘ , e

1

rather than on the‘funttional pnes Winer and Kronberg (1974) pre~\\\\\\\

sented class—inclusion tasks in both verbal and pictorial fotm to
children in grades K-6, The purely verbal form of question wasbl
found to be less difficult than gte pictorial form. A similar study

\
\

N
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by Wohlwill (1968) yielded the same findings. ' Smedslund (1964) also

“

obtained similar results in a study involving the class~inclusion

o °

comcept.a Children were introduced to materials set before them, then
asked a class-inclusion question about these materiale._,Smedalund,
found that his sub;ectoawere more lilely to respond correctly when
the objects were covered over than whem‘tﬁey vere left exposed.

Apparently, certain visual cues tended to act as distractions.

Bruner (1966) 1dentified three modes in which information

is represented and proceased - the enactive, iconic, and symbolic.

modes (p. 28). These correspond to the concrete, pictorial, and -
abetract‘levels of representation. lhe'reeults of the four studies
Just clted suggeetdthat young children performlbetter in the symoolic
mode than in either the icomic or enactive modes. Tﬁio may‘be true
for certain coacepte. However, it is contrary éfﬂwhet 1e.advocated
in mathematics learning generally, and conflicts with other research.
For example, Steffe and Johnson (1971) found that firaéhgraders
performed better on addition and aubtraotion problems when objects

*
were present than when they were not. This reeult applied to all
eight different problem types uoed'in the study. o %

>

X number of studies have been undertaken to investigate

A R

the effect of distrections a oerformmmce in word problems. ‘Jerman
(1972)'used a linear reéressiom model in'an endeavor to predict'fifth—
graders' performances on verbal problems'inAmAthematics. He foumd-
that 87vpercent of the variance in problem difflculty was accounted
for by five of nineteen selected independentxvarlebles. One of‘the

five variables was a verbal distraction. The verbal distractions
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were in the

which actually had no bearing on the solution of the problem Nesher

and Teubal (

‘either addit

Hhen the cue
éb use addit
in the pxobl

results vere
Jr

<words "buyin

cue words af
w

B

lems he devi

to solve the

the problem,

through the

which also c

with immster

) ¢
form of mis}eading cue words such as’ more or "leftﬂ

o

1975) devised vord problems which. could be solved by

ion or subtraction and presented them to first-grhders. p

s

word "more" was included in the probl m subjects tended

ion to solve it but when the cue word |""1ess" ‘was.dncluded
b
,
em' subtraction was the preferred operat on The same -

ob ained with fifth- and sixth-graders uéing the cue \

pl

g" and "losing" As Nesher and Teubsl p \nt outﬂ such .
e sometimes relevant and at other times not. i‘
iegen (1971) defined ‘three types of data in\Verbal prob-
sed for eighth-graders - necessary and sufficient data
problem, irrelevant data which could not be used to solve

and immaterial data which could only lead to a solution;

use of inefficient strategies Biegen found that problems

L

: which included only significant data were :ﬁé 1east'difficult; problems -

ontained irrelevant data were more difficult; and those

ial data were the most difficult. Blakenship and Lovitt °

(1976) cited several studies which demonstrated that problems contain-

‘ing extraneo

‘mentally ret

intensive st

IQ who were

us informstion severely impaired the accuracy of educable

arded (EMR) students. Blakenship and Lovitt undertook an

! .
udy of seven boys, aged #ine to twelve years, of normsl

functioning one year behind their peers in mathematics.

&

They found that both the presence and the placement of extraneous infor-

mation in wo

rd problems involving addition and subtraction affected

both speed and accuracy of compdtation. Sedlak (1974) undertook a.

.)b



similar study with nine-year-old 'EMR children. His study shdwed,tHAt

both good and<poot probléursolvers found word problems Qith extraneous’

information more difficult than problems without such informationm.

" It is apparent that children can be distracted in all three
R :

modes of representation —=- the enactive, iconic, .and symbolic. The
Piagetian studies provide many examples of 9hildren1be;ng stracted

by perceptual cues at the pré-operational afage. However,‘it would

be reasonable to assume that when children attain the stage of formal
SEEEE . R it S . Sy
operations distractions will have little effect. There is some evid-

ence to support this‘assumptiqn. Mansfield (1970), in his review ofﬁ
the literature in this area, né;ed that the amoun;-bf incidental
‘learning‘peems to decrease as childrsh get oider. This decrease in
incidental 1éarniﬁg{could be interpreted as a detrease in attention
to 1rre;gxﬂggies.blxeele (1973) cited several studies with adults
which éhowgd that iérelevant attributes either had no significant
effect on performancé, Qt caused sdme‘interférence ﬁnly wheq the& weré
 very diffiéult‘to‘discriminate from relevant cues;

Arter and.Clinton (1974) examinéd some effécts of irrelev-
ant data in arithmetic word problems for fourth-graders. Problems

1

were administered individually with multiple-éhoicenresponses provided.

Irrelevant data had no significant effect on errors‘but?influenced the

time taken to'complete the problem. The‘problems;with‘irrelevant‘data
took longer to solve than problems without such data. .
The study by Arter and Clinton raises éuestions'concerniﬁg'

‘the relationshiﬁ of conceptual tempo to problem—solving performance,b

and to hdw children handle,distractibns in problems. Kagan (1965) used

[l

.



his "Matching Familiar Figures" test te identify (fast) impulsi;e
asd (slow) reflective subjects. Catﬁcart andkLiedtke (1969) used
similar procedures to classify second- and third-graders. They
found that reflective subjects performed'significantly better than
impulsive spbjects on both basic number facts and probtems. Schwebel
and Schwetei (1975) administered class-inelusion and cpnservation
itess to a control and an experimental group of first: and second-
graders. The Subjects in the e?perimental gr;up were not permitted
' to respond until.a given period of time had eIapsed.‘ This group
performed significantly better than the control group where subjects
could respond-at will. It seems that/:onceptual tempo has consider-
able influence on»chiIdren'svperformances on mathematical tasks. It

" .
would also be useful to know whether or not impulsivity and reflect-

ivity are related to how children handle distractions in mathematical
problems. -

It is apparent from the research slready discussed that
children can be distracted by irrelevant dsta.} Perceptsal cues can
.act‘as_distractions in both enactive and iconicwmodes of representat-
ion. Piagetisn and related studies have shown that attention to
| irrelevant attributes hinders the development of specific concepts.
Investigations of distractions in problem solving have been restricted
to the symbolic mo@e»qf.representation. There is a need to learn more
" about the role of distractions in non-verbsl mathematical preblems.
This,studyfwas promsted by thst need. Bourgeois_(l§76), in hié study |
of young children's behavibrs in non-verbal division problems, made -

this recommendation for further research: "The area most in need of -



10

answers at the present time appears to be the role that distractions
play in prpplemsolving situations (p. 116)."
Although the study reported by Bourgeois was not specific-

ally designed to investigate distractions it did‘provide some useful

hints on possible lines of inquiry. He found that young children

often classified animals by kind and cars by.color when they were

required to make equivelent sets of objects. In one division proBlem

: reQuiring three cars to be put on a ferry-boat some children wanted

to load four.ears siuply because the ferry had room for four. This
suggested what may be termed a "spatial-numerical" distraction; The
realism of the problem situation seemed to encourage detailed sim~
ulations which were not relevant for solving the problem. .These

findings suggestdd at least three types of distractions -- color—

attribute spatial—numerical and situational

a

-

In commenting on ‘these results, Nelson (1976a) stressed

the need to develop

problems in division in which the child could be provided
with distractions of various kinds and amounts and to
. make a systematic study of these distractions and their
! influence on problem solving behavior (p. 52). -

For this study it was decided to devise five different probleu sett-

" ings involving division; one with minimai distrégtion; one for each

of the three distraction types described above, and one to.include_

all three kinds of distractions. In this way, the effects of'diff-

| erent qualities and quantities of distractions could be investigated.

Kilpstrick (1969) suggested that researchers of problem
solving in mathematics ‘should "undertake clinical studies of fndivid- -

ual subjects - « . because our ignorance in this area demands q&inical
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stﬁdies as precursors to.larger éfforta (p. 532)." The Soviets
/have found this approaéh very fruitfullin their studigs (Kilpatrick
' & wifsiup,_1969). The use of quﬁlitgtive research méthoddland the 
1nte§yiew techﬂique to determine how children think arelcurrently
reéZiy;ng increased support (Nelson, 19?6b; Suydam, 1976). The
interview technique seems to produce v;aluable information wﬁich
might otherwise be missed, as shown bylLahkford (19743, Erlﬁagger‘

(1975):Lnnd’61;;%;;; (1976). - e .

In this study the.intérview was chosen as one method for.

investigating the role ofvdistfactiona in the nonfvérbal-problems.

-,

The use ofvsgch problems meant that so 1nf&rmatiqn could also be

- gained by observing overt actions genergted by'the broBlem setting.
Piaget (1973) states that "ché pupil 111 be far more capable of
doing . . . than of expressiﬁg himsgfzrverbally (p. 86)." However,

' Shulman #nd Elstein (1975) warn that'observgtiqns of actionsiare
insufficient in theméélves. They maintain thaf it is probaﬁl& more
crucial to note how the sybject "gizes up ghe situation, howlfhe

- problem is formulated, what is judged to be télevagt and what irrel-

evant (p. 36)." e | :

The thinking aloud technique has been.widely used in prob-~

‘lem-solving studies. Howevef, Donaidsoq (1963) points out that such

o

‘a procedure may interfere with and actually alter thought processés.‘

There is some evidence to support ﬁhis contention (Flaherty, 1975;

Shulman & Elstein,'1975). "The Fhinking aloud technique was therefore

rejected as a procedure.for this‘study. Shulman and Elstein claim

that the'use.of stimulated recall to review the problem cquld yield

4

11



N

than simply producing the correct solution; especially in the case

valuable insights into the problem-solving process. Success with

this procedure would probably be somewhat limited in the case of
younger children. However, for the current study it was considered

to be a useful complement to the direct observation of problem-

- solving behaviors.

In this study, scores were allocated to each subject

on the problem-solving task in order to differentiate between suh— :
) , : i

f.jects‘.performances'in a quantitative manner. The;general,trenduin

»

school midthematics and in most mathematics tests has been to score

items either right or wrong. However, there 1s more to mathematics

"

of problem solving. Polya (1957), in emphasizing the heuristics of \

‘problem'solving, suggested four main.phases: understanding the prob-

lem, deviSing avplan, carrying out .the plan, and;looking back. Gagné
(1966) summarized the main stages of problem solving as follows:

"(1) statement of the problem, (2) defining the problem, by distinguish--

'ing essential features, (3) searching for and formulating hypotheses,

(&) verifying the- solution (p. 138) "‘.g

It appears that success on a- problem—solving task should
3.,

not be measured on the basis of“the solution alone. Indeed, it is

.possible to'attain‘a correct solution by an invalid process. Also,

’ [

»incorrect solutions can result from miscalculations even when a valid

;‘process is used. Then again, a subject may employ a valid process

0

and solve the problem yet still be unsure of the result. Thus it

seemed appropriate that three factors should be considered when allo-

v

-cating scores -on the problem—solving task the process used the

o . N
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1is discussed in Chapter II.

‘solution, and verification(of the solution.

A pllot study-was undertaken'to refine the procedures

to be followed for the main study (Bana & Nelson, in press). This

o

™, , Purpose of the Study

1The central purpose of this study was to investigate the

f ects of distractions on young children 8 problem—solving behavior
performance. More specifically, the major purposes were to:

(1) ooserve, record, apd analyze behsviors.of firstf, second-

and third-graders attempting to solve one of two non-verbal
. a . "’ ‘ .
partitive division problems (one with a remainder; the other

_ with no remainder) in five broblem settings represlnting

) different qualities and quantities of diatract;ons[ |

‘(ii) investigate 8ubjects interactions with distractions in the'
five problem séttings; . ,/f‘ .

(iii) examine the eifectsyof distractedness snd conceptual tempo
on problem—solving achievement, andlthe relstionships‘of_

. B \ . . .
these factors to sex, ability, grade level, problem diffic-

ulty, and problem setting; and
A, |

(1) determine the main effects of sex, gradeﬁishility, problem -

'difficulty, and problem setting on proble solving achieve-

ment, and also determine any interaction effects.

2

13
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Definitions °
: ‘ \
s ° S

Conceptﬁal T?mpa;A Tbe tendency of a subject to® respond either
quickly or slowly to the problemfhuestion. Based on a mediam
Split of response latency only, subjects'were.classified as
either "impplsive" (fast responders) or "reflective" (slow
responders) on the dimension of coqéeptual tempo.

Dtstractednees. Whether or not a'subject attends to distractions

in the problem setting.‘\

”

Digtraction. Any item of informatiOn which is not relevant to the

development of a concept or the. solution of a problem.

Partztzve divigion. A partitive division problem is one in which
thefnumber of elements in eacb subset ls.to be determined wbenv
a set of elements ls separated into a giyen number of equivslent
subsets. |

Problem‘settpna.' The characteristics and arrangemedt of ' the apparatus
designed to embody a problem., |

ProbZeMbsoszng behavtor. The overt actions and verbalizations msni-
fested by a suﬁ}ect s interaction with the problem setting during
his or her.attempt to solve the given problem.

' Assumptions

. ©

.l._;lt was sssumed that theftwo problems embodied in sny one of the

five problem settings devised for the study ‘each met the set of

¢ .

.criteria for a good problem.

AR

2. It was assumed‘that the behaviorsioffthe“subjects.in a clinical

]
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situation were indicative of the way they would tackle the

problem in their everyday experiences. )

o

. . ’ TLE\
It was assumed that the range of observed problem-solving

behaviors were dictated by theiproblem and the problem setting.
It was sssumed that the effects of distractions, such as the.
uge of a tape—recorder, which were extraneous to the problem
setting were. the same for all subjects. .

It was assuped thatkfrom the recorded data it‘vas poaaible both

to allocate’ meaningfui scores to each subject on the problemL .

solving task and to determine whether or not each subject was

3

distracted.

¢ ‘ Linitations of the Study

No attempt was made to investigate “the effects of possible dis-
tractions in the problem question which was posed verbally by the

éxperinZnter. However, the problem question was 1dentical for
all subjects 1rrespective of the problem or the problem setting..
The problem settings did not contain all possible distractions
for the two parti{fve division problems.

Sinqe both problems involved partitive division, and each Subject
attempted only one of these, the effects of distractions in these
problem settings would have limited generalizability to other
nathematical prdblems.

Although it is possible that the sOCio-eco;omic status (SES) of
subjects may have some effect on how they deal with distractions,

’ L~
SES was not used as an independent variable in this study. Instead,
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an - attempt was made to select a sample which would reflect the

-

©

_distribution of SES levels in the population.
5. The. procedure devised for the allocation of performance scores
*  on the problem-solving task was not based on empirical reséareh,

and therefore may not have been the most appropriate system to

useg. ' ,
. \
6. A section'of each interview was largely unstructured. This led

to some loss of informatidn in categories where the data were to

0

be analyied in a quantitative manner. Also, in some instances,
questions were posed in such a manner that responses were euggested

’
to the subjects, so the information gained in ‘this way could not

be interpreted.

Significance of the Study

° . - _—

’

| It has been shown that distractions significantly affect

the development of specific concepts when enactive and iconic modes

-
\

of representation are used. ,Tne inclusion of irrelevant data in -
°mnthematioallword problems tends tovincreaee tne difficnltv of such
‘problems. However, the role played byfdistractionelin non-verbal
mathematical problems is not at all clear, and raises many questions.
This study which is limited in scope cannot provide all the ansvers,
but it should yield useful information which may form the basis for

v 5 <

s Sy B

A .
more extensive research in this .area. -
- - : c . *\ .

“ During the past two decades there has been an increasing
emphasis in school programs on the development of mathematical con-

cepts from realistic situations within the child's environment. This

I -



trend has been accompanied by the use of a wide vatiety of both
structured and unstructured manipulative alds, particularly in the
lower elementary school grades. Frendenthal'(1973) insists that
"mathematics should be tied to reality when it is learned (p. 405) "
Most mathematics educators would agree. But in order to abstract
mathematics from the environment the child needs to cut through many
irrelevancies. Mote needs to be known about the effects of these
distractions on mathematics learning so that th; teacher will be in
a better position to make effective use of realistic problems with

s . .
i

concrete materials.

Outline of the Study ’ ' .
) o .‘ ’\
The problem a/9 the nature of the inves?fgation were ex-

'plained in this chapter. Chapter‘II contains.a detailed descriptibnT

of the design of the investigation. The findings of the study are

reported in“CnaptervIII. Chapter IV includes a summary of the invest-

igation, a discussion of the findings and their'implications, a list

7.0f conclusions, and recommendations fot both research and teaching.

*17



v , CHAPTER II
DESIGN OF THE INVESTIGATION*

The'c;ntral purpose of the study was to determine the
effec;s-of distractions on young children's problem-solving behavior
and performance in non-verbal problems; namely, pa;titive division.
problems. The:specific purposes were liéted in Chapter I. This
chapter'ptovides'det;ils of the problems and problem settings, the

population and sample, the interview protocol and scoring prpcedure,

the pilot study, and the methods employed to analyzeﬁand verify the

“data.

The Problems

Two p;rcinive division problems were deviéed for the study,
Eand gach’conformed to the set of criteria éor goodlproblems_outlined
in the brevious chaﬁter. One problem involved three toy trucks‘and
12 tdy cars. The subject was shown the materials and asked how many
of the given cars wéuld be on each truck if as many as possible were
loaded onto the thrég trucks so there wopld be the same number of cars
on each t;uck. This problem was defined‘as one of low difficulty, ;nd
was design#téd problem A. Thg second problem; designatéd probleh B,
wés‘idenéical to problem A except that there were 13 cérs ipatéad of
12. Problem ﬁ-wgs defined as oneabf high difficulty, ﬁince 1£ in-

. - e’
volved a remainder. o .-

18
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. The two problems may be expressed mathematically as

follows:
Problem A.v 12 % n =3
Problem B.' 13 + n =3 _ ~ . 5
The~algOtithmic form for division may also be used to express tbefu
problema. " |
Problem A. 12 = (3 xn) + ¢
» Problem B. 13 = (3 xn) + r, where n and r are whole numbers
and 0sr«<3, |

Since one problem involves a remainder, and the study involves young

children, the second method of representation s€ems more appropriate

"<The Préblem Settings S

Each of the two problems was embodied in five different
problem settings These settings were designed to include differept
types and amounts of distractions.' The first problem setting,
which 1s illustrated in ﬁlate 1, was defined as the "minimum distract-
ion" setting. The manipulative materials consisted of three yellow
toy trucks and 12 yellow toy cars (13 for problem B), ~All three
trucks were identical in shape,lcolor, and size. Each truck tray was
11.2 cm lonp and 6.5 cm wide. The 12 (or 13) cars.were similar in
color; size, and basic design, with very slight variations in styling.
‘All the cars were 5.3 em long and about 2 cm wide. Thus, each trui{\_;‘
could hold six cars if they were placed 1engthwiae and packed close
‘together, or four_CArs with reasonable spacing; ordfive‘cats if they

N

 were placed crosswise on the truck. These'manipulative materials were
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?1ate 1. First Problem Setting

arrangedvas ithlate 1 on a pale green sheet of paper 97 cm x 64 cm
which was on a low table. 0 \

' 'The materials used in the remaining four problém settings

had the same dimensions as those in.the first setting. The second
3

problem setting, which is illustrated in Plate 2, was defined as the

"situational distraction" se;fing.v The paper tacking sheet had a

roadway and parking area painted on it, and all other objects were

0

arranged as in Plate 2. The cargaaed trucké were the same as in the

first problem setting. A model of a building was located across the

"road from the parking area whiEh tontained the 12 (or 13) cars. The

‘_thfee trucks were on the roadway, with the first truck at a loading -

\

ramp. A toy man was positioned in the right front corner oﬁ the

back of each of the first two trucks in line, while another mar was

\

20



: |
Plate 2. Second Problem Setting

\

Plate 3. Third Problem Setting .

21
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‘Pegf the foot 6f‘the loading ramp. Tﬁ% additional objects in this
setting were included to agd more reaiism to tﬁe problems, and to
act as possible distractiong. ”

The third problem setting was, the ﬁcolor—attribute
distraction"‘setti;g as shéwn in Plate 3. The first truck in line
was blug, the second wés yellow, gnd the third one red. There were
three blue cafs, four yellow cé?s, and five (or six)‘ré& cars. The
cars‘were arranged as shown so that no two cérs"of_the same cho?
were adjacent fo one anothér. The fourth problem setting included
ﬁhé same materials as the minimum distraction setting except>tha§
8ix bays were marked on the back of each truck, as illustrated in
Plate 4. 'The fourth setting was defined as the "apat}al-numerical'

distraction' setting.

i
k4

Platé 4. Fourth Problem Setting

22



The fifth problem setting pictured in Plate 5 was called

”

the "maximum distraction" setting, since it included all the irrelev-
ancies of the other problem settings. All the materials were posit-

-

.ioned in identical fashion to the arrangement in the second situational
distraction setting lBoth the trucks and the cars were color sequenced '
as in the color-attribute -distraction setting, but the backs of the
trucks were marked out in six. bays as in the fourth problem: setting
| The five photographic plates illustrate the five different settings

for problem A. Problem B was embodied in the same five settings; the

only difference being the inclusion of one additional car in each case.




Population and Sampling

The population for the study consisted of the children
in grades one, two, and three in the Edmonton Public School system
in Edmonton Alberta. It was not possible to gain access to all
schools, so the sample could not be drawn from the population as a
whole. Thereforeva modified procedure was used. §ix elementsry
schools were selected from those in the system, and the sample of
subjects'wss drawn from them. The selection of the schools ‘was
based primarily on socio—economic statps (SES) but also on”geo- ' .
graphic location, in order to gsin some measure of control over these
 two variables. The SES of schools, rated on a five-point scale
ranging from one (for veryblow) to five (very hiéh); was ohtained
?rom the school authorities. Four schools with a rating of three,
one with a rating of two, and one with a rating of four were selected.
This distribution of ratings reflected -~ as near as possible -- the
distribution for the system as a whole. The six schools were also
selected so as to‘represent the major-geographic areds of the city.
These schools, which were comparatively large, were considered to
provide a sample which was reasonably.representative'of the total
population of grade one, two, snd three childred.

_ Most of the children in'the six selected schools were
organized into single-grade classes.  The first-graders in these
schools were in 25 different classes, the second-graders in 22,land
. the third-graders in 20 differ.ent classes. A stratified random

sample of -120 children.based on sex and ability was drawn from each

S



of the three grade leveld, thus providing a total of 360 subjects
for‘fhe study. No single cri;erion méasu;e for ability was~dvail-
able for all three grades, so two different measures were used.. A
.subject's percentile rdnk on the Métropolitan Readiness Test (MRT)
k\Jwas,hsedas the criterion for ability in grade i; In»each of the
/ other two graded a subject's percentile rank on a standardized
mathematics tedt, developed and administer;d by the school system,
was the ability criteriom. | m

The procedure used to select subjects was as follows.

Ten boys were randomly selectﬁp from all first-grade boys in the

2]

(3]

8ix schools who had MRT percentile ranks 1;_theA10-15 range. These

subjects were fandomly assigned to ten groués od.the bagis of one
per group. This process was aiso used to select and allocdte ten
first-grade gitlsrfrom:thé 10-15 percentilg fange, resulting in a
'boy-girl pair at this ability level in all ten groups.. The same

0

procedure was employed for each of the following percentile ra#ges
25-30, 40-45, 55-60, 70-75, and 85-90. Thus, all ten f_irst-agrade'
groups were matched on‘sdx and ability. Each group codsisted of
three boys and three girls above the mediap qgorevbn ‘the MRT (high
ability>, and three boys and three girls below the median score

(low ability).

Ten matched groups for each of grades two and three were

selected in the same way, except that fhe'percéntile ranges applied

to standardized méthematics tests and not to the MRT. At each grade

level each group of 12 subjécc; was randomly assigned'to either

problem A 6: problem B in one of the five proBiem seiiings. Thus,

25



each of the 360 subjeqts attempted only one problem.

. .

T\\\ " Interview Protocol and Scoring Procedure : ///17‘

~.

L
{ s .
;;;\résegrcher,‘in the role of experimenter (E), inter-
viewed every subject (S)\individually and used the following pro-

ftocoluforrall subjects:

The materials for the particular p blem and problem
~ detting were\arranged as shown in the photographic
plates and placed on a low table in an interview room.
E walked with S from the classroom to the interview
‘room. During this walk E conversed informelly with S
to make him or her feel at ease, then stated: "I just
want you-to try eomething for me." S was shown the
cars and trucks then.esﬁed whether he or she had toy
trucks at home, and whether S ever plnyed_with them.
E, who sat across the table from S, then posed the
problem question as follows° "We have to load as many
of those cars as we can onto the three trucks, but we
must put the same number of cars on ‘every truck. How
many ‘of those cars will be on each trick? I 11 ask you
again to make sure you understand." E then repeated . the
problem question and asked: "Do you_understand?Q; E re-
peated the problem question again if S was still'unsure,r
if s asked any questions at all or if S seemed uncertain *
| how to respond. When S gave a solution E asked: "Are
you sure that's right?" -If § responded in the affirm- | .
ative E asked again: "Quite sure?" Otherwise S was free
to check the solution or alter it. In any case the
previous two questions were repeated for eeohvsolution
- glvem, until S either confirmed a solution or indicated
the unlikelihood ‘of any further progress. When a solution
was confirmed E asked a question of the following form:

i
- . |
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"How did you‘knqw there-would be . . . on each
truck?" S was then questioned further @bout his
or her éctiong, §erbalizations, and thoughts to
determine the proceés used to solve the problem, o
whgther or not S was confident of the sqlution‘if it

was correct, thezreasons for any observed actions,

7

‘ and'S'a'reéctions tO'dié;ractions.
The abdve interview protocol was followed for all 360
>sﬁ$jec£s.‘”Ca;e>§as ;akeﬁ'to”enéurqqg staﬁdafdizéd férﬁat\during
the period from when the problem auestion was‘first'pqsed until the
subject‘cgnfirmed a soiut;on andbwasxaskgd the rea;on fof itf There-
aftervthe interview sesaion wasg unstructuréd,'and was d?Fermined by
the subject's‘antecedentrand Subsequeﬁt verbal and non—vérbal be?inors.
It was therefore.inéppropri;te'to follow a set interview pafterﬁ »
6nce the-problem—solving.task was complete. The majo; objective was
td_getvat‘the tﬁought processes used WY the éubject in atteﬁpfing'to
solve the problem. Each interview was recorded. by means bf-a-small
cassette tépe-;ecorder with an'internal'micfophohe.v The'subject was
vobserQed ciosely, both ﬁhile attempginé to solve the pfbblem and
during the subsequent interview session. Non~verb;1 beﬁavio:L weré
nofed and recorded ﬁn a data card.
Eabhlsubject Qgs allocated a sépre of either zero, onme,
two, orlth;ee pointé for the problem;solv}ng Eésk. Oné point was
"awarded if:the subject's first solution was correct. (Whenever a
solution was given the subject was asked whetﬂer‘he_or she_waé’sure

this was cofrect._‘ThUB, opportunities were provided fot.Subjects

to reflect éﬂvthgir responrses and. alter them if they desire&. A

\
) :

point was awarded if the subject confirmed t§e'cbrréc; solution and

27
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demonstrated confidence in it. The third point was allotted if

the subject used a valid process in attempting to solve the problem. -

If the subject mhde a deliberate attempt td partition the given set .

of cars into three equivélént sets this was considered to be a valid .

1

-'process. The following three methods were each classified as a
valid process fornboth;partitive division problems: , | ‘
: » 4 .
= (1)‘Us}hg division or multiplicétion'ope;ations;
(1i1) Distributing one car per truék in rotation; and

(111) Employing trial and error mefhods,'either manipulative
or otherwise, in attempting to partition the given set

of cars into three equivalent sets.

The use of any one of the above procésses could lead to the solution

-}

of the problem. -

It was poésible-for é subject to give the correct solut-
ion initially by some invalid process, s&ch as decidipg_that‘only

1

four would fit on each truck, then failing'to confirm this solution.

Only one‘point‘was allocated in suéh‘cﬁsesn Those who glaq‘ueed a
vélid p;ocesé_were obviously more successful'on‘the problem-solving )
.tﬁsk_and-were éwargéd]anpadditional pg#nt for this. However,‘to
j gain the third point subjects had to show mastery of the fask by
: coﬁfirmihg their solution_andldembnstratingvcdnfiaence in 1t. A
“' su5je¢t who used a yaLid‘pfocess but did'not ;ttain the correct
A .
sblution was awarded one point only. If a subject gave an incorrgct
Dsoluﬁion %nitially, but then achievéd soldtion by a valid process
and confifmed it, tyo points were allotted. |

The average time taken for each interview was approxi-

mately five minutés. All the data for the study was collected in

o
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November and Deceﬁber, 1976. '
The Pilot Study

In October, 1976 a pilot study was undertaken to check

the feasibility of the main study ang clarify procedures to be

used (Bana & Nelson, in press). Uéing‘a similar procedure to that
ouClineqifor the main'study, four groups match;d on ability were
selefteé from each of grades one, twe, and three in a large elemen-
tary school in a relatively’high socio-~economic area of Edmontoﬁ.

Each group consisted of four boys and four girls. At each grade

©

level each of the four groups was randomly assigned to problem

A (12 #+ n = 3) in one of the first, second, third, or fourth problem )i\

v .

settings which were, described previously.. The interv;ew protocol

and sEoring procedures were similar tqﬁthose adopted for the main
stydy. However, the problem question was put in a slightly diffqunt
manner and begaﬁ with, "We ‘have to load all those cars. onto the

three trucks”. This was. altered to "We have to load as many of those

cars as we can onto the three trucks" for the main study, due to the

\

inclusion of problem B (13 ¢ n = 3) which involved a remainder. Cw
Almost one half of the 96 subjects in the pilot study

were distracted by irrelevancies im.the problem gettings. Subjécts
oo O .
ﬁuwho attendei;to distrggﬁions were less likely to attain solution of . N
4
B ]

the problem‘fhan those who ignored them. The mean scores for all

¢ three gradealcombiggd weré 2.08, 1.83, 1.33, and 1.17 in.the‘four

o n‘!, oy

respective prpblem settings. The ferth'setting, with ‘bays marked
o \ -
o ) .

on the trucks to act as a spatial-numerical distraction, produced

\
\



the lowest mean seonef There were some significant differeﬁées
betéeen scores in thé‘four problem settings, bdth within each gradé
and over all three gradéé. Thus, the problem settings which repre- -
sented diffezént qualities ég quantities of distractions affgcted

scores on the problem-solving task. In the case of subjects who

gplved the problém verbally without manipuléting any of the cars,

',.it was sometimes difficult to dete'nine,whéther they had been dis-

tracted or not. Also, distracted subjecps'rareiy gdve any reason

for their strateg&.

t

The pilot study showed thét distractions do play an
important rolé‘in young children's prdblem—solLiﬁg'behaviors, and
providedyju;tification fo; a‘mﬁre extensive study. The design of
the bilo; study provided a vialeWrationale‘for thg‘ma;n’etﬁdy, o
with some modifications. Firstly, a fifth problem setting to in?
clﬁde a number ofAdistraEtions in combination seemed warranted.
Secondly, the pilot study's results suggested that if children are

d;stracted differently in different problem settings then perhaps

the same might be true for different levels of problem difficulty --

‘thus, the inciusion of problem B in the main study. Finally, the

uinterviewing experience in the pilot study pointedvto the need to

question children more closely in order-to'get_at the thought

processes used in their attempts to solve the problem.

°

Data Analysis Procedures " o

Individual data cards were prepared prior to the inter-

A

viev.' Each card identified the subject and indicated the sex, gradé: \

-
°

/
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, ability level, problem difficulty level, and problem setting for
that”aubjd</. Non-verbal behaviors exhibited during the problem—
solving task.and interview were recorded on theje/data\carda.
C . o

' / \(-
Vefbalizationa.*ere recorded on audio-tapes. -When the data collect-
ion was complete'categories were set up to summarize and classify

. A /
the data from both the ca%ai/a;d/tapes.. The format of the data

coding sheet, including some examples of\coded data, is given in

"Appendix B.

© A

The various methods of solution osed by .subjects, in-

cluding subjects' attention to distractiongL and the rationales

i
f
The time which elapsed from when the proz/pm question was repeated

behind the different solution strategies were analyzed and described.

until the subject gave his or her first golution was noted. This

was used to classify subjects on concepfual tempo as either fast or

slow responders, based on a median spy t. The relationships between ,

factors such as methods ofbsolution, distractedness, and conceptual
tempo; the effect of theae factors on scores; and the relationships

. of these‘factora with sex, grade, ability, problem difficulty, and
problen setting were examined by chi-square tests of goodness of_fit,
or z tests of differences betweenlproportions or differences between
neana as appropriate. A five-way analysis of variance was carried
out to test for the main effects of sex, ability, grade, problem
difficulty, and problem setting, and for any interaction effecta.

The studentized range statistic or q test was the a posteriori test

used on the %results of the ANOVA to check for significant differences

between means within single categories (Winer, 1971, pp 185-187).

\
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Exﬁerimenter ReliabiliCy

The experimenter coded the data from the audio-tapes

and data cards onto a coding sheet, as illustrated in Appendix B.

\ An independent coder was engaged to do likewise for a sample of
\\ subjects in order to establishgsome estimate of reliability. The

2\indepen&ent.coder was instructed in the.coding procedure to be

\
A

us'dtrand the cateigories on the coding shéet wére explained to her;.
/)éhen éoded the data from cards and tapes for five subjects not

4 ; _

inglﬁded in the‘reliability check. These results were then compared
with those of the,experimente;, and foints of agreement and disagree-
ment were identified in order to establish consistent use of fhe
coding system.

A-stratified random sample of 30 subjpcts was usedrfor.
the reliability check. One subject was drawn ati random frbm each
of the ten matched groups in e;ch of the three grade lévels, Whén
thg independent coder ha& completed coding the data'for all 30

Now
subjects her results were compared with those of the experimenter.

Arrington's method of computing the coefficient of agreement be~

4

- tween observers was used (Bott, 1933, p. 67). The coefficient of

agreement was 0.94. A specific comparison.of ﬁhe scores awarded was

also made. Only two of the thirty scores differed ~- one by one point,

and the other by two points —-- thus resulting in a reliability co-

efficient of 0.93.. Based on these results,'ekperimenter reliability
: .o
was considered to be adequate for the purposes of this study.
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' CHAPTER III

\

RESULTS OF THE INVESTIGATION

\

Ten matched groups were selected from each of grades~
one, two, and tﬁree in six metropoligan schools. ggch group con-
sﬁstfd~of three boys and three girls from the high ability range,
and three boys and threé,girls from the low ability range. At
each grade level each of the ten grouﬁs was rﬁndomly assigned to

“one of two non-verbal par;itive divisioﬁ p;oblems in'oné of five

. , |
diffefent problem settings. The major purposes of the study were

~

to:

(1) observe, record, and analyze behaviors of first-, second-

and third-graderé attempting to solve one of two non-verbal
\partitive division problems (one with a remainder; the
other with no remainder) in five problem settingékxepreéent-
iﬁg different qualities and quantities of distractions;
(ii).invéstigate subj%cts' interactions with distractions in the
five problem settiﬁgs; |
(141) examine‘;he effects of distractedness and conceptual tempo
on probiem-solving'aéhievement, and the relationships of
these factbrs to sex, ability, grade:levél, problem diff-
icul;y, and problem setting; and ‘ ' |
(iv) determine the mai; effgcté of sex, grade, ability, préblém

difficulﬁy, and problem setting on problem-solving achieve-

\

ment, and also determine any interaction effects.

33
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The results of the investigation are reported in this
chapter‘under the following headings:
Methods of Solution
Rationales for Sblutién Strategies
Distracted Subjects
Distractedness and Criterion Scores

v

Distractedness and Conceptual Tempo

o

' Relatiohships of Dié;raétedneés-to Other-Factoré

" Results of Fivé—Way ANOVA
“ s

e Effect of Problem Setting and its Relationship to Other Factors

N

\

The first section, ich follows, deals with methods of soiufion.

Methads of Solution

/ : : In the interview protocol»adoptedvfor the study there was

no reference to the method to be used to solve the p;oblem; Thus,
each subject had to decide whether or no;jté'manipulate the materials
wiﬁhout any specific directions from the experimenter. Subjects'who
gave verbal responses without manipulating any of the toy cars were

klassified aavérbalsolvers, while‘those who. did manipulate the cars

\.

were classified as manipulative solvers. Manipulative behaviors

always consisted of loading cars onto tfucks, except for two cases
where the cars were arranged in groups on the table but were not put
on the trucks. Many of the subjects who loaded the cars to arrive

1 . . .
€

- at a solution confirmed their result verbaliy when asked to do so, or



altered their solution, while some carried out further manipulations

before settling for a particular response. Othere gave‘a Qerpel

response initially but, when asked to confirm {it, they loaded tﬁe

cars to determine the eolution. In all these cases the 1ndividuals ‘ ke
were classified as® manipulative solvers. The trequeqcies Of,manip—

ulative solvers'in the five problem settihgs are shown in Table 1.

Table 1°

Frequency Distribution of Manipulative Solvers Among
Boys and Girls in the Five Problem Settings

Problem Setting

Sex = !
1 2 3 4 5 1-5
 Boys 17 18 14 10 5 64
Girls , 10 9 177 9 7 52
Totals * 27 27 31 19 . 12 116

Almost one third of the 360 subjects were mgnipuletive )
solvers, including 36 percent“of the boys an&'29.percent of the girls,
with the differenee-between ﬁroportione-ef boys and girls being
slight (z = 1.35, p < 0.09), Thirty-~four boys and 26 girisvfrom the
high abiiity group‘and 30 boys and 26 girls from the iow abil@ty
group‘were manipulatiﬁe solvers, so the method of solution was not
affected by ability. Neither ﬁaabit affected by problem‘difficulty.
The number of subjects who manipulated cars was 58 in both problem A
"(no remainder) and problem B (with a remainder) Of the 116 mamipf

ulative solvers, 45 were in grade 1, 37 were in grade 2, and 34 were
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in grade 3. Although there éppeared(to be a tendency for manip-
ulations to decrease in the higher gradeé fhe difference betweénc
observed apd expec;ed frequencies*was‘hot significant. However,
almost all the difference due to éex waé accqunted for in the first.
gréde wherg 29 of the 45 maﬂipulative‘solvers were boys. A goodness-
of-fit test of observed and eipected freqﬁencieg_of verbal and manip-
_ulgtive éplvers»in the five pfoblem set;ings_shéwed a significant
disparity (x2 = 14.63, p < 0.01). More than\thg expected number of
sﬁbjects.in'the first three problem.settings weré manipulative.
solvers, while less than the expectéd number manipulated cars in the
fourth and fifth problem settings.

| Some manipulative solvers engaged in simula;ions wh;ch did
not contribute in any way to the solution of the problem. These un-

-

.necessary simulatiOn; consisted of one or more of the.following behav-
iors: rotatiné Ea}s-so that they all faced the same wa;’on the truck;

" driving cars up and down ;he loading ramp; driving trucks aroﬁnd;
moving ﬁhe loading ramp from truck to truck; moving tﬁe toy men around
unnecessarily; and matching -the configuratiqns of the cars on all- three
trucks. The frequencies of manipulatiﬁe soivers who engaged‘iﬁ_suqh
simulations are shown in Table 2. More manipulative solvers ca;rigd
'out‘unneceséary éimulations in the secoﬁd and fifth than in the other
: three problem settings. The proéoftionsvof 38 percent and 9 pércent
j:espectively were significantly different (z = 3.81, p < 0.0602).

The second and fifth problem settings were more réaiistic in that

they included a building, a loading ramp, threé men, a roadway, and

a parking area,’ Unnecegsary simulations were more prevalent among

. .



- simulations were girls.
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Table 2

Frequencies of Manipulative Solvers Engaged
' in Unnecessary Simulations

Problem Settings

Grade
1,3,4 2,5 ‘ 1-5
1 4 9 13
2 2 4 6
3 1 2 3
1-3 7 | 15 22

younger children thap among older children. Thirteen subjgcts ex-
hibited this behavior in grade 1, six in grade 2, and three in grade

3. Only five of theb22.manipulative solvers who_eﬁgaged in these

A subject's firét résponse to the problem question indic—
ated a specific arrangement of cars on the three trucks. At this<
point he or she was aéked: ""Are you sure thgt's,right?" ’So;e subjects
then confirmed their iﬁitial response, while others generally tried
one or fwo more arrangements of cars before cogfirming a particular
response. Subjécts whdge.initial or confirmed soiution was correct
were asked 1f they had tried other arr%?gements.l This was not always
done for subjects with no correct sof%tion. All‘manipulatiyé solyers
reyealedxarr;ngements of cars by thei; actiqns, although some may

have thought ébout other possibilitfés as well. Most verbal solvers

who gave no correct solution tended to reply impulsively. In such

" cases they would have been unlikgly to attempt arrangements other
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&

than the ones they indicated. All subjecté were questioned regard-
ing the process they used in a;tempting t§ solve tﬁe problem. During
this interview session some subjects revealed othér arrangements

of cars they had tried. A sample of interview transcripts is included
in AppendixrA.

The number of different arrangements attempted by indivi&—
ual subjects ranged from oné torfive, anshown_in Table 3. Sixty-
thfee éercént of the subjects tried only one arrangement, 29 percent
tried twovdifférent arrangeménts, and the remainder tried more. No
more than three arrangements were attempted.in the‘fou:th and fifth

‘ l
problem settings. 1In fact, the tendency‘here was to try only one

Table,3

Frequency Distribution of the Number of Different Arrangé—
ments of Cars Attempted in Each Problem Setting

Number of Different Problem Setting

Arrangements _ ’
Attempted . 1 2 3 4 5 1-5
1 45 35 - 33 63 51 227
2 18 27 35 8 - 15 103
3 6 5 2 1 6 20
“ 3 4 2 - - 9
5 - 1 - - - 1

Total 72 272 2 72 360
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arrangement. This uas particularly true in the fourth problem
setting where 63 of the 72 subjects tried only one arrangement of
cars when attempting the problem. In‘both these settings the
trucks had bays marked out on the back of them and most subjects
simply put a car in each bay or counted the number of bays. Theb
rationales for the various solution strategies are discussed in

o

more detail later.

Frequencies of specific arrangements or sequences of
srrangements of cars are shown in Table 4. Any sequence with a
total frequency of five or more is listed in the table. Other
-types of sequences are categorized together as "Others , which in

,

most cases were attempted by only one or two individuals A seq—‘
—

uence of arrangements such as 3 4,5; 4,4,4" indicates three cars
on the first truck four cars on the second, and' five cars on the
third-truck in line for the first arrangement, followed by four cars
on each truck for the second arrangement. The relevant information
was obtained from the subjects'actions and their responses to the.
problem question, and also from responses to interview questions
‘about the processes used when attempting the problem. |

The most prevalent sequence involved the one arrangement
6,6,6 which was used by 86 subjects. However, 78 of these were in
the fourth and fifth problem settings where many subjects counted the
six bays marked on each truck. The seduence’involving the single |
‘arrangement of four cars on each truck was used by 52 subjects, in-

i

cluding only seven cases in the fourth and fifth problem settings.

o

The sequence 3,3,3; 4,4,4 shows a similar imbalance across the five

39



Frequency Distribution of Sequences of Arrangements
of Cars in the Five Problem Settings

Table 4

Arrangement Frequencies in Each Problem Sétting
. Sequences - .
1 2 3 4 5 1-5
3,3,3 '8 2 6 1 5 22
3,3,3; 4,4,4 4 7 6 1 - 18
3,4,5 / - - 4 - 1 5
3,4,5; 4,44 - b= 5 - - 5
bybh 17 15 13 5 2 52
5,5,25 4,44 1 2 1 - 1 5
5,5,3 1 3 1 - 1 6
5,5,5 5 2 2 2 5 16
5,5,55 4,4,4 - 2 3 - - 5
5,5,65 6,6,6 11 - - 4 6
6,6,0 3 - - 6 - 9
6,6,0; 4,4,4 1 - 2 3 - 6
6,6,1 | 1 1 1 3 1. 7
. 6,6,6 3 3 2 45 33 86
6,6,6; 4,44 T2 - 2 1 3 8
9,9,9 | 3 3 - - - 6
Others - 22 31 24 5 16 98
Total 7 7 72 2 72 360
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settingsl Many manipulative solvers put as many cars.as they could
fit on the first truck and continued in this fashion until they ran
out of cars. This generally accounted for the arrangements 5,5,2
and 6,6,0 in the case of problem A and 5, 5 3 and 6,6,1 for problem
B. The arrangement 5 »3,6 occurred in several seQuences and was
Lmoatly confined to the second and fifth problem settings where a man
was positioned on each of the first two triacks in line. Sequences'
including'3,4,5 for problem A and‘3,4,6 for problem B occurred only
in the third and fifth settings which_involved three colors of both
cars and trucks; These two unequal distributions of cars were based
on the numbers of blue, yellow and red'cars'respectively. The total
number of different sequences of arrangements of cars attempted by
all subjects was 86. -These‘sequences included 39 different arrange-
'ments of cars ranging from two on each truck to as many as 20 on each

truck. oo /

~-

\

Rationales for Solution Strategies

The rationale behind each’ arrangement of cars indicated

the process being ‘used by subjects to solve the problem. This strat-

egy or process could sometimes be observed directlv in the non-verbal .
actions of subjects, particular-v with manipulative solvers. However,
verbal solvers also engaged in non-verbal behaviors such as pointing
to cars or to the backs of-trucks-as-they counted. Immediately “
following the confirmation of a solution the subject was asked a
question of the following forn: "How did you know there would be . r .

[ ]
.on each truck?" Thia focused directly on the Process being used, and
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Vo SO ‘

was followed by other pert@nt questions appropriate to the sit-
uvation. It was possible for each subject to score a maximum of

.three points for the problem. One of these was allocated for using *
a valid prqcéss, which includedlthe following three categories:
appropriage use of di§ision of multiplication operations; distrib-
utién of one cat per truck in f%tétion; or attempting to make thfee
equivalent sets with the given cars by trial and error.

The identified rationales and their diatributioﬁ over
the various arrangements of éafs are shown in Table 5. The 11 smost
.‘cémmon arrangements are specified in the table, while thé remaining
28 are grouped‘together. Only four subjects psed divisioﬂ or ;ulti-
plication to s&lve the p?oblem, and ‘11 subje?ta used tﬂg most effic-
ient ﬁanipulﬁtfve.ﬁethod.of distributing one car per truck in rotation
toﬂ;nsure én equal number on each truck. fhere’were 185 other del-
ibg;ate attempts to maké three quivalent sets with the given cars.”’

©

" These involved 116‘subjects£ some of whom tried more than one arranée-
ment. in éll, 36 percent of sﬁbje;ts'uéed a valid process.
As far as could be ascertainéd, the 116 subjects referred
"E;Eqbove used triailand efror me thods in their attempts tO’paftition
Fhe cars,int§ three equivalent sets. Some tried several arrange-
ments before arriviﬁg at four forAéach truck. In proﬁ}em B a“ﬁumber,
.of subjécts did not solv? the problem even though they did,us; a ‘
valid pfoceés. . They tried to make three equivalent‘se;s.with tye
13 cars, apparently unaware that one car had to be excluded. _As'seeﬁ
- in Tgble 4, a total of 52 subjects came up wibhnqhe;single‘afpangq-

‘ mént of fouf cars per truck. A majority ofkthese sﬁﬁjects apparently

s
*

\

et s
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used a trial and error methpd and were therefore successful with
their first trial. They,denied Heving tried any other arrangement
or process, and either pointed out‘why there were four for each

truck or made statements like the followingf "I could see there was

going to be four"; or "I just tried four and it worked". Some of

vthe SZ-subd ts ueed one of the other two valild processes discussed

previoule%ﬂ__ le the remainder used some invalid process.
. . .

Twelve arrangements. were based on guesses, at least -

according to the subjects. However, it is possible that some of

o

these subjects may in fact have 'used another strategy. Several
others who said‘they guessed revealed after further questiouiug that

some alternative process was behind their response. Six subjects

stated that there would be three cars on each truck because there

. J .
were three trucks. There were 13 arrangements for which no explan-

;

ation was supplied.by the subjects, and six of these involved three

-

cars on each truck.

[

Many subjects used what were defined as spatial-numerical

»

cues to determine thelr arrangements of cars on the trucks. These, é

r\

cues were based on the - amount of room on each ‘truck or on the bays

- marked on the back of each’ truck. Attention to such cues was deter-

.

mined from both vetwl and non-verbal behaviors: For example, manip-

e

ulative solvers who ﬁhc as many cars as they could fit on the first

‘truck and then continued in this fashion until they ran out of cars

)

generally obtained one of the followiné.arrangements: 5,5,2; 5,5,3;

a

6 6 0' or 6,6,1. If such an arrangement was not altered the aubject

Fy
was considered to have used a spatial—numerical cue, otherwise the



' two trucks in problem A, and did the same in problem B then put the

\

use of such a cue w#s only confirmed orlréjécted during the inter-
view which féllowed. Verbal solvers indicated the use of a spatial-
numerical cue by focusing only on the trucké and not on the cafs,

and by bointing to count spaces on the backs of trucks. When asked
how they knew there would bé the given number of‘cars on each truck,
subjects who used a spatial-numerical cue generally gave a reply like
one of the following: "I counted the spaces'; "Because there's six

squares" ;"Because there's enough room for five"; or "That's how many

o

can fit".

AB‘Shown in Table 5, 129 arrangements were based on the
bays marked on the trucks, and therefore océurred only in the fourth
aﬂd fifth éroblem settings. 'Sinté there were six.bays marked on
each truck the response of six cars per truck was the most common one
among subjects whp used the marked bays as a cue. Most manipulative

solvers who attended to this cue put six cars on each of the first

remaining car on the third truck. Others generall& put five ca;s
on each of the first two trucks and two on the third truck for prob-
lem A or three on thg third truck fof problem B. ,HoweVer,.fhié only
occurred in the fifth problem setting where there was a man positioned

in a bay on each of the first two trucks. Arrangements such as 5,5,5

or 5,5,6 were based on the same reason, except for a few cases where

subjects miscounted the bays. \

1 " \l .!
Only one subject in each of the fourth and fifth problem

settings ignored the bays but still based the arrangement on the

amount of bpace on the backs of the trucks. Except for these two

45
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cases, all the other arrangements in Table 5 which vére determined

by tﬂe amount Qf room took plgce in the first three problem settings.
Subjectq using this rationale came up with a wide variety of arraﬁge—
ments ranging from threé\to twenty on each truck. The arrahgements
5,5,2 and 6,6,0 were only produced by manipulative sdlvers'in prob-
lem-A, while in problém B manipulative solvers sometimes dist{ibuted
the cars iﬁto 5,5,3 or 6,6,1 arrangements.

- - In the third and fifth problem settings the first truck -
in line was blue, the second was yellow, and the third was red in
color. There were three blue, four yellow, and five red‘éars for
problém A, while’for problem B there wasr;n additional red car. 1In
these ﬁwo problem settings some subjects based their arrangements of
cars on what were termed color-attribute cues. One stratégy was‘to
classify all the'cars.according to‘color and match colors of cars
with colors of trucks. Thus, in problem A 12 subjects stated that
there would be, or actuglly put three blue cars on the $lue truck,
four yellow cars on the ;ellow truck, and five red cars on the red
tru.x» Nine subjécts used the same ragionale to obtain a 3,4,6
arraugment in .problem B. Tﬁe other five'instaﬁces in this category
'vereldﬁe to subjects miscdunting the cars of each color. Tﬂe second
strategy vas to base the number of cars for e#ch truck on one of the
three'coloré. Sevén subjects determined that there Qould be three |
cars on eacH‘tfuck because there were three Blue cars, three subjects
based"the number. per tfuck on the four yellow cars, and three sub-

Jjects said there would be six on each truck because there were six

red cars. Three arrangements were based on both color and spaces.



However, the rationale was'élassifiedigs spatial-numerical in each
case since ali three subjects cons;deredifhe amount og room to be

<the more important reason for their response:

In 27 eaees an arrangement.waeidetermined by the sub-

Jects with no explanation given for it, but then a spetiel-numerical
rationale was induced in the subject by'the.forﬁ of the experimenter's
question. In an attempt to gain more information the.experimenter
'probebly‘influenced-the subject. -For exemple; a question like thev
following might be askee: "Did you try to fill~each truck?" If the
subject replied affirmatively then! the ratioeale for the given arrange-
_ ment was classified as an induced spatial-numerical cue. As can be
seen in Table. 5, induced epatial—numericel cues applied mostly to
cases involving four, five, or six cars per truck. The same criteria
were used to determine an induced color-attribute cue, and there
were four instances of this.e Faulry interview techniques also re-
sulted in cases wﬁere the arrangemenr'of cars was induced by the
experimenter. For example, if a subject said therelyould be five
cars on each truck because only fi&e would fit, tﬂis-was classified
as a spatial-numerical cue for the arrangement 3,5,5. However, the
egperimeﬁter may then have asked a question like the following: "Did
you think a‘iut putting the blue cars on the blue truck, the yellow.
cars on the’ yellow truck, and the red cars on the red’ truck?" If
'.:nthe subject replied in the affirmative this implied an induced 3,4,5
arrangement. Such an arrangement was not recorded. However, an in-~ -
duced color-attribute distraction would be noted in thie case. . This |

and other types of distractions are discuseed in . the following section

47



) Distracted Subjects

-

As,indicated in the previous section, many subjects.
sttended to spstial—numerical or color-attribute cues which were
irrelevant to the problem. Such irrelevancies were classified as
distractions fof this study. Both verbal and non—verbal behaviors
were' used to determine whether or not subjects were actually dis—
trscted Some distractions were induced by the experimenter during

v
the interview, as described previously. The frequency distribution

of subjects, both those actually distrscted and those whose distract-

ion was induced, is shown in Table 6. A total of 238 subjects, or

A66 percent, were distracted. Distractions were induced in a further -

12 percent of the subjects.

The fourth and fifth problem settings were designed to
include a spatial—numerical‘distraction in that there were six bays
marked on the back of each truck. Very few subjects ignored this
distraction. In the fourth problem setting 64 of the 72 subjects
attended to spatial-numerical cues in their efforts to;solve the
problem, while 62 did so/in the fifth setting. The first three
problem settings were not meant. to include a_spatial-numerical
distraction, so the backs of the trucks were unmarked. However,
many subjects‘focused on the amount of space on the trucks and were
in fact distracted by this spatialenumsrical cue. The numbers of
Subjects distracted in this way were 28, 36, and 18 in the first,
second3 and é;ird problem settingsirespectively. The spatial—

numerical cue was a much stronger distraction when bays were marked

i
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on the trucks than when the backs of the trucks were blank. When
there were marked bays the majority of subjects either counted the
‘baya or loaded one car per bay with little or no hesitation. 1In all,
208 subjects were distracted by the spatial-numerical cues. This
amounted to 58 percent of the total sample.

A coloréattribute distraction was built into the third
and fifth problem‘settings. Ten subjecte‘were distracted by coler
in the fifth setting, where the spatial-numerical distraction was
strong and tended to dominate. Howerer, ln the third setting, where
the spatial-numerical cue was weaker, there were 32 subjects who \
were distracted by color. 1In these two problem settings 13 subjects
attended to ﬂoth color-attribute and spatial—numerical cues, ﬁut in
most of these cases color was abandoned as a criterion for arranging
the cars on the trucks.v In tae second and tifth breblem settingsv
a toy man was stationed in_the right front corner of eaeh of the
first two trucksfln line. Flfteen subjects were distracted by the
men on the trucksixxthe second problem setting, and 22 were distracted
by them in the fifth setting ‘These subjects considered that the
men took’ up space and that they would therefbre influence the number
of cars to be put on each truck. Also, all 37 of these subjects
were distracted by spatial—numerical cues as described above. There-
fore,/the men on the trucks simply acted aalcomponents of the overall
spatial—numerical cues. : |

All the cars used in the five problem wettinga were similar
in size‘and structure. However, they were styled according to a

1

number of common makes of cars with brand names embossed in very fine



By

/ .
print. One first-grade subject tried to classify the cars accord-

ing to the brand names. There was no other evidence of subjects
being distracted in this way, but one boy pointed out his family's
car type during the~intervlew session. In the\gsecordd and fifth
problem settings the men, loading ramp: factory buildlng, roadway, -
and parking area were intended as situationalndistractions. The
men, as already explained, only distracted subjects in a spatial-
numericsl sense. There was no evidence that the other objects
actually distracted subjects as they attempted to solve the problem.
Only 14 subjects used the 1oad1ng ramp,. often for loading only the
first car or two. Nevertheless, manipulative solvers engaged in

!

unnecessary simulations to a greater extent in these two problem °

settings than in the other three, as shown in Table 2, However,

all 22 subjects involved were distracted by coler-attrib
ial-numerical~cues. |
Nothing external to the problem setting was considered to
be a distraction for. the purposes of this study. However, some sub-
Jects were possibly affected by extraneous perceptual cues. vFor
examble, 49 subjects looked at the tape-recorder. However, few did
80 more than once, ‘and none seemed unduly concerned by it. Only
five subjects actually commented on it. Thirty-five subjects were
‘classified as being somewhat nervous in the problem—solving sit-

uation, including six in grade 3, thirteen in grade 2 and sixteen

in grade 1. Nevertheless, all 360 subjects attempted the problem.

0f the 208 subj#cts distracted by spatial-numerical cues,

128 gave no explanation for their actions. They merely indicated
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I

\

how they did it by alluding to the amount of room or number of
Speces, ratber than giving any reason why this strategy was used.
In cases where these subjects werebasked if they thought there were
enough cars to fill each truck most answered in the affirmetige.
Sixty-one other subjects actually stated that they thought there
were enough ears to_fiLl every truck or, in the case of'aome manip-
ulative solvers, that there were notAenough cars to put the‘same
number on each. For ‘example, manipulative solverskwho»did not alter
- an unequal distribution of cars, such as 5,5,2, insrsted tbet there
were not enoughhcare to put the same number on ebery truck.n.Anotber
seven subjeets stated that they liked to or wanted to fill the
trucks; four said the problem»had to be done that way; and eight gave
other reasons such as the need to taﬂe eway as‘many cars.as possible
on each truck. In general, ali the s?bjects distracted in this way
tenéed to focue<their attention‘on the trucks and ignore the fact
that.there were elther 12 or 13 cars to distribute. However, some
did overcome the distraction and proceed to solve the problem. That
is, they attended to a spatial—numerical cue initially but then
abandoned it as a means for solving the problem.
- The men on the two trucks in the second and fifth problem
eettings acted as distractions for 37 subjects in a spatial-numerical
because they took‘mp epaee on the trucks and subjects did not
consider iog'them; Twenty-four subjects gave no reason for tbis,
eight stated that-they thought the men were not to be moved, three

said the men had to stay-to help load the cars, and two simply pre-

ferred the men to remain there.

However, some of these who gave no
. A
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reason were not specifically ésked why they would not move the men.
Once again, some subjects overcame this distraction. Some of these )
went on to solve the problem, while others remained distracted by
a spatial-numerical cue. be exampie, several subjects sald there
would be five cars on each truck because each man occupied a space,
bﬁt then changed this response to six per truck. J

»‘Thirtgenﬂé; the 42 subjects distracted by color statéd
that they wanted t6>match the colors of cars ;nd trucks, but offered

no othef reasons for this behavior. Another 15 based their éolor

v

match on aesthetics. These subjects stated that they Qap&éd'to

match colors because thia,wqﬁ}éng.”“' a*ﬁg}"nice", “"pretty", "Sood"//

"bettef"”foi "neat". . Si¥ 3p24§§§<- ; ought the colors had
. - Lo I . v L s .

to be matched. The othef-é; k¥ no reasons for basing.

—

arrangements of cars on color+aptyfWun

suggested the abb;ém}easous the_SubjécfﬁébuIa generally agree with

;&Es, .bunat,‘f“the experimenter

)

v

one of them.

Subjects often overcame the color-attribute distraction,

but some of these would then be distracted by the spa;ial—numérical
éues.' Thus, they wouid‘beginvby matching colors then discard thié
approach ana try to determine how ﬁany cars would-fit on each truck.
Fifty—seven oftthé 238.Bubjgcts who were actually distracted were

able to overcomé at leastvbne distraction. The one b:oblem setting
showing a discrepaﬁcy was theAChird.setting'ﬁhere 23 subjects oVeggame
" distractions. -- chiefl& the dblor~attriﬁu§e cue, The frequencies

of subjects who overcame distractions in each gfade are shown in .

Table 7. Only 12 of the 86 subjects distracted in grade 1 succeeded



Table 7

i

Observed and Expected Frequencies of Distracted Subjects in Each
Grade Who Succeeded or Failed in Overcoming Distractions

Overcame at . Failed to
A Least One ‘ Overcome Any © Total
Grade ~© Distraction Distractions Distracted
1 12 74 » 86
(20.6) (65.4)
(19.9) (P3.1) '
3 26 | 43 ' 69 -
(16.5) (52.5) '
1-3 57 181 ' 238

A"- |

in overcoming any distractions, while almost 38 percent of the dis- ~

tracted third—graders were successful in this regard Overall

i

there was a highly significant.differen e between observed and expect-

ed frequencies in the three grade leve'> (x% = 11f96, p < 0.005).

-

Distractedness and Criterion Scores

y Each subject could score zero, one, two, or three points .

~ : L
o

for the oroblemrsolving task. One point was allocated 1f the first
response'was correct; one point was allotted for the use of a valid
process, and one point was awarded if the subject confirmed'a'
correct response and;de;ohstrated confidence in it. The decision
~on the final twobpoints often had to be deferred until after the

interview session. For example, a subject might state that he or

‘she was certain there would be four cars on each truck However,



after qubsequent questioning it gould.turn out that: this arrange-
ment was basgd on a colorfattribuée or spatial—ﬁumerical cue, .or
’;N"wfhat the qubjeét>§as not really sure whether four was the corfect
number .or not. Eighteen subjects évefcame distractions and solved
the problem during the interview session, althougﬁ not spgcificglly
agked to do so. They seemed to notice‘their errdfs from the quest—-

A

“ions which were asked. However, their scores were not altered in .

agy’éay as a result of this.

The frequency distribution of distracted and non~distrécted

subjects at each score level is shown in Table 8. The mean score for

the total sample of 360 was 1.02. Less than the expected number of
distracted subjects scoréd-three, two, or one, while more than the
expected number scored zero. Overall, the difference between the

o Table 8 e

Observed and Expg@ﬁed Frequencies of Distracted and
Non-Distradted Subjects at Each Score Level

9‘

Séore Distracted . Non—Distracﬁed Q Total .

3 29 60 89

' (58.8) , (30.2)

2 19 | 19 38

: (25.1) oL (12.9) :

1 12 - 11 | - 23

, (15.2) : (7.8 °

e g - | .

0 178 32 210

(138.8) (71.2) L

Total 238 . - 122 360 °

55



observed and expected frequencies was highly significant (x = 109.5,

p < 0.005). Thus, distracted subjects scored much lower than non-
. o
distracted subjects. The mean scores for the two groups were 0.58

3]

and 1.88 respectively, and.the_dffference between these means was ?&

highly significant (z = 9.69, p < 0.0002). .

. 1’ '
Distractedness and Conceptual Tempo '

o ) e
[

The time which elapsed betﬁeem the conclusiom of” the

exgerimenter'svrepetition of the problem question and the subject's,
N . . [

first solution was measured to the nearest second. Some subjects
responded while the problem question was being repeated,,and some
: I

responded immediately afterwards. The time recorded in these cases

i
v i
<

'was zero seconds, and involved 83.subjects, Twenty-two subjects
o : i .

[y
a

e 8 .
took longer than two minutes to supply ‘a solution, and the maximum . .
. N c] .

time taken was'440 seconds. Thermean time taken wasg 38.7 seconds.
4

The median time was approxiﬁgtely 11.5 seconds,_since 179 Subjects

took 11 seconds or less’ aﬂ&’LBl took more than 1F geconds.

The 179 fast responders were classified as "impulsive"
'subjects and the 181 slow responders were classified as "reflective
subjects.  The meanings of these two terms, as used here,'are there—

fore somewhat di&ferent frOm those generally accepted in the liter-

n

~ ature (Kagan, 1965). Mean scores -and stahdard deviations of groups Lo
based on the dimensions of conceptual,tempo_and distractedness are

shown in Table 9. Reflective.subjects scored much highef-than-impui- ?
4 ,

sive subjécts. The difference of 0.81 in mesn scores was .highly -

. e . ‘:"’
significant (z = 6, 27, p < 0. 0002) However, conceptual tempo was ;,ﬁﬁi

-
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T

. Table 9

Mean Scores and Standard Deviations of Distracted, Non-
pPistracted, Impulsive and Reflective Groups

»i

«

Distracted Non-Distracted All:Subjects

‘g'Conceptual Tempo .

- N i S ‘ . i ) - . s '\ - i S\
Impulsive '0.21 0.63  1.50 ‘k.35’ 0.61 1.09
Reflective 0.97 1.28 12.20 ‘110 1.42  1.35°
All Subjects 0.58 1.07 1.88 1.27 1.02 1.30

L
1]

‘. [ s4
independent of distractedness. Reflective gpbjects vere just as likely
to be distracted as impulsive subjects. 0f the 181 reflective subjects,

115 or 64rpercent were distracted,{and 123 or 69 percent of the 179

.impulaive subjtcts were distracted. Conceptual tempo was also independ-

LN

eut of sex, ability, and grade level.[
The distracted impulsive group was the lowest scorer with

-a mean of 0. 21 The distracted reflective group we: mole success-

ful with a mean score of 0.97 (z = 5 71, p < 0.0002). . Hoxbver, this

| grOup did not. score as high as the non—distracted 4Ampulsive group . ,11

(z = 2. 47, p < 0.01), *ich in turh did not perform as well as’ the

non—distracted reflective group (z = 3,09, p < O. 001) Thus, im—

"pulsive subjects who were diatractéd had minimal success with the |

problem, ‘whereas the reflective subjects who were not distracted

W

.. were far more successful with agean score of 2. 20 (z = 13. 49,

p < ﬂ 0002) & The relationship betveen conceptual ~tempo and dis- ’

tracte‘gets is illustrated i Figure 1. There was no fnteraction o
two factors. : S
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Hanipulative solvers wete no more likely to be distracted
" than verbal solvers. Although 71 percent of the |16 manipulative

solvers were distracted compared with 64 percent of the verbal

T

solvers the difference‘%as not sign icsnt. Boys were distracted

3

more. than girls Tz =2, 00 p < 0 025). ' The respective proportions

' /
.distracted wvere 71 percent and 61 percent. Among manipulative solvers

71 percent of girls and 70 percent of boys were distrscted. Hoveyer,";"
. ©

among verbal solvers 72 percent of boys but only 57.ﬁErcent of girls
, were distracted. Therefore the difference due to sex was accounted

./ ’ﬁ

AR ‘.A'WW&W



7’ .
for by the fact that girls who used a verbal solution method were

less inclined to be distrscted than the boys who ‘used this method.
‘The observed and expected frequencies of distracted
and non-distracted Subjects are shown in Table 10. The number of

subjects distracted increased from 28 in the first problem setting

q..
o]
Observed and Expected Frequencies of Distracted- and Non-
Distracted Subjects in Each Problem Setting

Table 10

.
St
)

—— 4‘1? f___
Problem Setting Distracted Non-Distracted .« Total
- (47.6) (24.4) : B .
2 36 3 72
' (47.6) (24.4)
i 46 ‘ 26 72
1 (47.6) E (24.4) * .
4 64 8 _ 72
(47.6) (24.4) \
5 o 64t " 8 - 72
) : (47.6) - (24.4) a
! .
. 1-5 . 238 , 122 360
'tq'64’1n each of the fourth and fifth ~settings. More then he ex-
‘pected number of subjects were distracted in these two prcblem set- L
S v"wji .

4 tings, while less than the expected number vere distracted in the

first three settings. Overall distractedness was depehdent on the.

problem setting to a highly significant extent (x2 = 49 0, p < 0 005)

This relationship becs-e even more apparent when subjects who over-

o,

.nane distrsctions were taken 1nto account. The frequencies'of dis-
B o (} )

J

e
- IS



60

tracted subjects who failed to overcome any distractions were -
‘20, 29, 23, 57, and 52 for thf.five respective settings. This‘
re-emphasized the strong influence of distractions in the fourth
-and fifth problem.eettings.

The attention to distractions by eubjects in the three
grade 1evels is shown in Table 11 Eighty-six subjects were dis-
tracted in grade f 83 in grade 2, and 69 in grade 3. There was
a more marked decreeee 1p the number of distractedlsubjecte fromb
' grade 2 to grade 3.A Overall, grade level and distractedness were
significantly related (x% = 6.12k p < 0.05). The higher the grade
the less likely that subjects vere.distfacted. Ability had some N

effect on distractedness.- Over 69 percent of the low abilityAgroup‘»

,was distracg?d while approxinately 62 percent of the high ability .

P L

group attended to distractionst_ However, the difference between o'
/ S
. Table 11 :
v ) , ? s
Observed and Expected Frequencies of Distracted and Non- ° y
AN . Distracted Subjects at Each Grade Level
SN . ’ | ‘ v )
Grade - Distracted ' ~Non—Distr§cte& _ Totis<.
1 86 . 34 , 120
(79.3) ' (40.7)
2 © 83 37 | 120
(79.3) (40.7) ‘ .
- . o : P .
3 T 69 51 120 -
(9.3 (0.7)

Py

1-3 | 238 . o122 .. 360
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‘ \
proportions distracted in each of the two ability levela was not
great (z = 1.34, p < O. 10). “In problem B 71 percent of subjecta
were distracted, whereas in the less difficult problem A 61 percent
were diatractedr Thua, subjects were more likely to be distracted .
in'the division problem involving a remainder than when there was

e

no remainder (z = 2.00, p < 0.025). ' -

.
* '

Results of fivedWay ANOVA . , -

et

A five—way analysis of variance was carried out with
sex, ability,igrade, problem difficulty, and problem getting as

categorical independent variables, and the criterion'acore,for the

problem,—solving task as the dependent variable». & @rresults are

shown in Table 12. A number of significant and highly significant
main effects and interaction effecta may be noted Although girls\
‘tended to score higher than boys there was no significant effect

due. to sex. However, all four other main effects were highly signif-
icant, as follows. ability (F = 9. 395 .p < 0. 00243), grade level

(F = 18 874, p < 0 00000), problem difficulty (F = 30.8624 P < 0.00000),
ind problem getting (F = "11.029, p < O. 90000)

The interaction between problem difficulty and grade

level was highly_significant (F = 4 833, p < 0. 00876) ;Two.other
.interactiona were'aignificant. These\were as follows: problem diff—
iculty and ability (F = 4. 046, p < 0.04541) ; and the interaction
between éexﬂ problem difficulty, ability and problem aetting

(F = 3. 185» p s 0. 01422) Alfurther two. cases of interaction were

7‘-

Yorth noting. @e first ww betVeen problem difficulty, ability,
Ay . }. . ' ' .
e .2



Table 12

L

Results of Five-Way ANOVA

prv

>o
7 [

-

ST . Sum of ‘- Mean . F ’

“Bource* Squares = df  Square Ratio * Probability
A 2.844 1 . 2.844 2.349 * 70.12672
B 37.378 1 37.378 30. 862 '0.00000
AB . 0.100 1 0.100 0.083  0.77410
c 11.378 1 11.378  9.395 0.00243
AC 1.878 1 1.878 1.550 0.21429
'BC " 4.900 1 4,900  4.046  0.04541
ABC . 0.044 17 0.044 0.037 0.84827
D 45,717 2 ™ 22.858 18.874 0.00000
AD 5.906 2 2.953 2.438 - 0.08949
BD 11.706 2 5.853 4.836 0.00876
ABD 3.050 2 1.525  1.259 0.28576
CD ~ 3.939 2 1.969 1.626  0.19895
ACD 2.839 2 1.419 1.172 0.31151
BCD . 3.617 2 1.808 1.493 0.22675
“ABCD 0.739 2 0.369 0.305 0.73737

'E - 53.428 4 13.357.  11.029 0.00000
AE 8.072 4 2.018 °  1.666 =  0.15850
BE 6.872 4 1.718 1.419 0.22841
ABE . 0.872 4 0.218  0.180 0.94858 .

' CE 3,650 4 0.912 - 0.753 ° 0.55658
ACE - 4.206 4 1.051  0.868 0.48369
BCE 11.072  “ 4 2.768 - 2.286 0.06086
ABCE 15.428 4 3.857  3.185 0.01422 -
DE 12.089 8 . L.511  -1.248 ,  0.27204

. ADE 5.344 8 70,668 - o;sszj%kl‘ 0.81668 .
BDE 6.544 8 0.818 - v0.675,§§?_*0.71297 -
'ABDE 6.644 8 0.830 ~ ° 0.686 - 0.70394

- CDE 11.700 8 1.462 1.208 - 0.29508
ACDE . 10.578 8 1.322 - 1.092 0.36953
BCDE .. 5.244 8 7 0.656 - 0.541  ..-0.82473
ABCDE 15.456 .. 8 1.932 1.595° 0.12683

 Error  290.666 240 .  1.211 |

*A = Sex, B = Difficulty, C = Ability, D = Grade, E = Setting



A,
5 <ddy

and problem setting (F = 2.286, p < 0.06086) ; and the second was
between sex and grade level (F = 2.438,‘p < 0.08949). y A more de-
tailed analysis of main effects and interaction effects may be

found in the sections which follow.

The Effect of Problem Setting and its Relacionship
M to Other Factors

I
The problem settings, which reflected different types

and levels ¢ distraction had a very significant effect on scores,

as shown:by the results of the fivefway analysis of variance. The
mean scores of each gféde féf pfoblém A in ;he.five settings are

given in Table 13. The studentized range'statistic,'or q test,.was
applied to test for differences between means within single categories’
(Winer, 1971, pp 195-187). The critical values Bf q were at eithgr

ar ; -
the 0.05 or th& 0.0l levels of significance. There weré no significant

s ‘ :
‘:’;‘ Table 13 I .'_.‘,_'T;Sl;"”';’-"' e ‘;A o &
Mean Scores on Problem A for Eﬁch Grade in the ‘
Five Problem Settings 4
Problem Setting
Grade £ ' '
1 2 3 4 5 1-5
s | !
1 : 0.67 1.00 1.17 0.25 - 0.00. 0.62
2 2.08°  2.17 1.58 0.67  -1.00 1.50
3 2w2? , 2.50 2.17 0.92 1.67 - 1.90 .
1-3 . };67 - 1.89 1.64 - 0.61 0.89 1.34

63
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. differences between scores on problem A for grade 1, although none
of the 12 subjects‘in‘the fifth setting scored any points ‘at all.
In grade 2 the group in the fourth problem setting scored lower
than each Tf the groups in the first (p < 0.05) and second settings
(p < 0.01). These same results‘also applied to grade 3. When all

Wt

f‘"k&three grades were considered together, the groups in the first‘three

settings each scored higher than the one in the fourth’problem \\\\\
setting (p < 0.01). Also, the groups in the first and third sett- \\\\\\\\
ings each scored higher than the one in‘the fifth setting (p < 0.055,
‘ snd so did thejgroup in the second setting (p < 0.01).
The lowest mesn score;oh_problen A was in the fourth
problem sitting for both grade_3 and grade 2, while this sas the
A second lowest for grade 1. On the whole, subjects had more success
with problem A 1in/the first three settings than in either the fouré/i>
or fifth settings. It should also be recalled that subjects were
distracted less in the first three than in-the last twe problem
settings. In the fourth-setting subjects at all three gradellevels
had'limited success with‘problem A. In both the third and fourth
settings there were no significant differences between grades, al-
thOugh the trend was for scores to increase with grade. Both the
grade 3 and grade 2 groups scored significantly higher than thel '?jéf
,)grade 1 group in the first setting (p < 0.01). The same reSults .
applied*in the second setting, except that the increase from first
“to’ second grade was not as great (p < 0 05). In the fifth problem
setting third—graders scored much higher than first-graders (p < 0.01).

The mean scores on problem B for each grade in the five -

i



problem settings are shown in Table 14, This division problem, which
involved a remainder, proved to be far more difficult than pProblem A
Asmc;n be seen in Table 14, the mean scores were generally low for
most groups. Thus, q tests revealed . few significant differences

between means. There were no significant differences between settings

at any grade level. However, when all three g8rades were considered

Table 14

Mean Scores on Problem B for Each‘Gradepin the
. . ‘ Five Problem Settings

Grade

Problem Setting

1 2 3 4 5 1-5

0.67 0.58 0.67  0.17 0.47

0.58 1.33 0.08 0.50 0.72
1.17 1.33 0.33 0.33 0.90

0.81 ' 1.08  0.36  g.33 0.69

together the 8roup in the thir etting scored higher than each of the’

groups in the fourth snd fifth settin
ting the an score for the grade 3 group was gnificsntly higher than

that for grade 1 (p <o. 05) However, there were no

-

ences between grades. in aqy~of the other four problem setting 5

S

As shown in Figure 2, mean scores for problem A were con-\\\\;

ﬁ(w'%“siderably higher than for problem B in all five settings. In each
" of the first two problem settings the difference was highly signific-

ant (p < 0, 01) according to q tests. 1In the third and fifth Bettings

TR -
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Relationship Between Problem Difficulty and Problem Setting

the differences were gignificant (p < 0.05),‘but not so in the fourth

N

problem setting. In‘the fourth and fifth settings mean scores for
problem A fell sharply to the general level of those for préblem B
in the first three settings. 1In considering both problems together,

the mean scores in each of the first three settings were much higher

than those in each’ of the other two settings (p < 0.0l), as clearly /

$llustrated in the graph.

" The mean;score; éér problem A and problem B combined for
each grade level iﬁ-thg’five problem sg&ﬁ;ngs are shown in Taﬁle 15.
Once again, q tests were uséd to check.giffetences Between means in
gach.category. .Firs;-gradefs éould not harn.le either problem very

well and registered comparatively low scores in all five settings,

'so there were no significaht differences. In grade 2 the mean for

B
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Table 15
Mean Scores on Both Progigﬁg*for Eagh i &
in the Five Pro “Settiug
‘— !
Problem Setting
Grade .
1 2 3 4 s 15 2
1 . 0.46  0.83  0.88  0.46  0.08 0.54
2 1.58 1.38  1.46 0.38  0.75 1.11
3 1.79 1.83 1.75 0.63 1.00. 1.40
1-3 1.28  1.35 1.36 0.49 0.61 1.02

the fourth setting wes lower than for the first and third settings
- (p < 0 01), and also lower than for the second problem setting

(p < 0.05). Tl*rd-graders scored ‘much lower in the fourth than)in
any of the first thtee settings (p <70.01)‘_,There wers no differ-

ences between'scoree in the first three”settings for any grade. When

N . .- Y , R
all three grades were considered together there were’also no differ-
. ences between scores in the first three problem settings, as can be

'seen in Table 15. quever, ‘the scores registered in both the fourth

and fifth problem settings were each mueh lower than scores, in ‘any

: of the other tliree settings (p < 0 01) .'fj

(

The relationship between grade level and problem sett}ng
is illustrated in Figure 3. The successive rise in score with grade
flevel is evident in ell problem settimgs‘except the fodrth one. In:
the first setting both second- and third-graders seored higher tham

the grade 1 group (p < 0.01). In the,secbn&, third, apd_fifth set-
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Relationship Between Grade and Problem Setting

tings third—graders scored significantly higher than first-graders
‘ jp ; 0.05). The fourth problem setting included only the spatial-
numerical distraction. However, the fifth setting contained this
distraction together with the distractions included in the second
andthird settings. It was therefore reasonable to expect that, if
distractions hampered success, scores would be lower in the rifth N

than in the'fourth setting, but this was not generally the case.

B

Although grade 1 scores fell in the fifth setting, second- and

third- graders performed somewhat better in this setting than in

the fourth problem setting.
I ‘ ’v The mean scores for boys- and girls in each setting are
given in -Table 16, .and the relationship between sex and problem

setting is gt.llustrated in Figure 4. It is clear from the~graph



R

/

. / &  Table 16

/

. o /
Mean Scores for Each Sex in the Five Problem Settings
rean sSceot=t

e . o

Problem Setting

Sex
1 2 3 4 - 5 1-5
Boys 1.31 1.44 1.08 0.44 0.36 0.93
Girls ~ 1.25 ~1.25 1,64~ ~ 0:53  -0.86 1.11
2
o
1 ¥
g 1
w g
1
-] Girls
o o - .
, e : Boys
("1 . | - ‘: .;'» R | . | . | ) .
0 1 —— ' —r— e —
W 2 3 4 5

‘Prbbfem Setting

Figure 4

3

Relationship Between Sex and Problem Setting

a4

that girls were superior to boys in the third and fifth settings,
but differences were negligible in each of the remaining three
" problem settings. In' the t;hird and fifth 'eettings q. tests revealed

significant differences'between-boys*and girls (p. < 0.05). The

feature common to these two settings, but not 6ecurring elsewhere,
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was ‘the three different colors of both gars and trucks.« An ex-
.“ .
amination of the distracted subjects in these two settings showed

that 24 boys were distracted by a color-attribute cue, and only
. ’ %

seven of these overcame the distraction. However, 18 girls were

distractéﬁ by color and 12 of these succeeded in overcoming the

2 N “

distractign. Thus, girls tended to be more adept at dealing with

color—attribute distractions than boys.

| -ﬂﬁsn scoreslfor high'andflou ebility groups in %ach
problem setting are\given in Table 17, and the relationship bet-
ween ability‘and setting is illustrated.in‘Figure 5. It is clear
‘ from the graph that the high ehélity group wascsuperior to the low
.anlﬁty group in all csses.except:the fourth setting; However, q
tests within individual settings showed that only in the third prob-- /
.1em setting was the high ability group significantly superior 4 .
(p < 0.05). Differences between means achss the problem settings C \;;

were more marked for the high ability subjects than for the low .

ability subjects, where there was only one significant difference;

-

Table 17
Mean Scores of High and de Ability Groups in _:~ ;i
' the Five Broblem Settings : . )
o s el . . . X
2 : ' Problem Setting : » ‘.2b,j
. Ability = - _ - ——
- A o R o Tes L, e
iy 2 3., 4 3 e ok
, , ’ , - j ) H ' L &l‘."v '-‘- ‘,,‘. :’. ars
High 1.50 . "1.53 ° 1.64 - 0.47 .0.83. "L.197 ' _. .
,‘. . ) , . . - ) N .\:“‘“.-" ","4‘6}{' .
Low 1.06 1.17 1.08  0.50 0.39 084
o . SRV : -
- ‘ . ) S ) :
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A Relationship Between Ability apd Problem Setting
. | X

.namely, a ‘higher mean score in the second thao ih the fifth set-

oo

. 7 i
ting~(p < 0.05). The high ability group 1n the fourth setting

‘ scored ndgh lover than those in each of the fitst three .settings

“ : " . - . i

,\ > - Y

(p- < 0. 01) Also the group in the third Jittiﬂg scored highe
thaggthat in the fifth setting (p < O DS) ’ Both tﬂe high and low f
agility groups h%% limited suceess with the problems in the fburth
setting which 1ncluded’tﬁe one spatial-nungricél distractiona Hoo-

) ‘..‘,,

ever, in the fifth setting_yith more .

the low abifity subjects fell further ‘vhileytbose for the high

ability subjectS'rose sonewhat.‘:‘. l.éﬁ S iq : ;S .
. e . L ) .
} 3 :
§ ! / .\ » . , K . ) .
) ¢ lnteraction Effects on Scorgs ‘ l
. . . ¢ ¥ ) R
JUSRE T '

As_orevioosly reported, the);;fects‘of'bothproblem' .
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Y

'%’ifficulty and -ability on criterion‘“res vere highly rignificant.

§W§ Mean acorea of the ability groups in: eachmof ‘the problem difficulty
Y ;

| ﬁ;yels are shown in Table 18 Therq>was significant interaction :
beg;een ability and ptoblem difficulty,laa illustrated in Figure 6.
! S T [
£ ‘ . / L . )
2 . 1 :
Table 18
#.°  Mean Scofee of High an@ﬁhow Ability Groups on the Two ;
a0 Y L . Problem Difficulty Leyels .
Ability. + —a—if —
: Tl R - -
‘High
Low
Both .
“ " .
gﬁ\
¥ .
. R
[N l @ "’l“’ 2<
. N Lu¥ s QT ’_
-
.G- R o -
' R |
BT B A
’ xﬁ' o 1‘
SR S I |
: A *; -
\ . - Problem Difficulty « - ., . - N
, " T &t . ‘ -
' Figu;e 6 ' ' ‘

a

Interaction Between Ability and Problem Difficulty

/ . . . S LA
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In problem A both ability groups' scores were much ﬂle same, whereas
plem B ,the q teet ahowed that the high ability group was far

| superior (p < 0. 01) I‘Q'us most of the difference "In scores due to

ability was ’ccounted fo:‘ 1n problem B. . High ability students per-

formed better in problem A ghan in. ptoblem ¥ (p < 0. 05), and the !

same was tr  of the lrow ab;.lity group excepc that the difference ,

"was greateJ (pr < 0. 01) merefbte, the majority of the difference

‘ in scoq;a due to problem difficulty qaa accounted for by the low -

: . v : . . T T,
_abilit:y subjects A - x . : oo ' &

The effecc of grade leVel On the criterion score was

‘;1

highly aignificant as noted from the reamcs of J:he five-way ANOVA.,
\‘I"
’I‘here ‘was also a highly aignd.fi:;;ant interact\i’dn between grade and

problem difficul ty ,

Y8
o

apparent in Figure 75 Seores in p;‘oblem B increased*)very sli 1’.“; : “g,w_

-
(AN Q L. ‘/ P N L . :'. L
R r,‘P e@ . IR % % EE .‘- . - - J\\'z’v .
wé? - Table 19~ o e @l: e |
* B Mean Scores of Each Grzde on the Two Problem , &‘v " ‘
: Diff'ﬁcul Ly Levels S X .
- s | Grade v
. Problem C N, i
qufficulty g " 1 7 . R S 1-3 # o
O e T e |
A R ¢ 8 - 1,50 : 1.90 1.34 o
SR T T T . \
B R A O R T “0.90 - 069 . %
A i ’ . . B! . . /&L
A&B . 0.54 - 1.11 . . .40 - 1,02 -
1 N

+
Mok . >
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ST Interaction Between Grade  and Problem Difficulty
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‘;}oﬁ grade to grade andhﬁ‘tests revealed no significant differences

’between means. This proved to be a tough problem for all three

* o
grade levels. Howeverﬁ in problem A scoresyclimbeﬂ qugaqileeply T
through the three grades with both second-. and third-graders

i,
_n% much higher thmnfirst-graders Gp < 0. 01) Grade 1 subjects“

- fouﬂd both prob}ems A and B 59 be difficult and the . difference

Y.

. between s¢ores§fp§‘minimal.k However in each of the next two grades

. fof second- and Ehird—t;a:ers.x .

4 'i)r“’

‘the difference was- very marked (p < 0.01). ‘Much of the o%&rall

LV ti o

effect on scores attributed to grade level resulted from the low

mean score of grade 1 subjects (0454) in comparison with~the scores

* e
. _

S

The mean scores of boys and girls iﬁ each grade are
. ' -

given in Table 20. The five—way ANOVA showed some interactioq‘
' ‘ ' ' ) T
RSOV G “lh' * .“ - S ' L ' ;‘ '..-~ v-‘
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Table 20

Mean Scores of Boys and Girls in, Each-Grade v
Tm; » == - —

st \ . ,
Y Grade -
Sex —
1 2 3 1-3
Boys' °  0.63 0.92 . 1.23 0.93
Girls 0.45 . L300 . 1.57 RS
Both 0.54 o onit . 140 1,02

‘between 'grade and sex (F =.2.438, p?.-<‘0.08949). » as 1llustrated in

Figure 8. There waa ho significant difference between bdys and,

: girls at any grade ﬁ&l Overall, girls tended to perform better

3

T
than bgq but the difference was not significang due to the

A

L]

@ . Boys o
S ¥ T
g - -l
ol , 1 ,
' -, Gradé ' 1
L . ". \};\ |
d - Fig?re‘ 8 -, . ,;
'\ Interaction Between Sex and Grade t
B D . L s R

-~

Mo



_comparatively low score of the first-grade girlé.

Twg other interaction effects were noted in the results
7

_ of the five-way ANOVA. There was interaction -between ability,'

problem difficulty, and problem setting (F = 2.286, p <'0.06086).

' Finally, there was significant interaction between sex, ability,

’/
problem diffiéulty, and problem setting (F - 3 185, P < 0 01422).

A?‘
v ‘ &
. Major Findings X '
c\; -~ e 3 . '.. . 7

The results of the investigation have been reported in

- this chapter. The major findings of the study were as follows.

1. Subjects exhibited 2 wide range of problenm-solving 'b_ehaviors;t-‘“é;};

which- in many ceses were influenced by the'probfem'setting.

N

2. Nearly all the subjects used either an invalid process or a’

trial and error approéhg when attempting@the problem. :Q':

W-.3. A maj rity of the subjects were dist%acted by irrelevant

& v .\J

spatial-numerical Or color—attribute cues. 7_ oy
° M T e

uv‘.

] blem seﬁting, and éach of A

".*!/-f ;:’, » \-‘

e fthese factors affected. problem-solving petf‘!ﬁ‘ﬁﬁhﬁ;’p','. 'L,{
_ e : ot S ‘

. 5. The’ ability to copeﬁwithidiscractions increaeed with the

{ Bréde level. . : ST o | !‘; |

6. Girls\were better able to.oope with digtrections than boys.

7. High ability subjects yere more Succeeoful thenvlow ability
~ subjects on the problem—solving task. , -

8.‘More subjectﬁgégre distracted ‘in the division problem with

a remainder (problem Bl than in the one with no remainder
o v(ptoblem . 'L o R R '

. . - i - ) . ¢
) ] » oL Lo - ir"
. - B R . rd N .



|

-

9. Slow (reflective) responders were more successful on the

)

problem—soLVing task than fast (impulsive) responders, but
distractedness was independent of conceptual tempo.

10. There were a number of interaction effects.
: ' C ' ‘ PN

]

.;1}. There yeré some defects in the interview techniques.

LI
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CHAPTER IV
:3. "' ’ . ’ ’ ~ '.»

QPHMARY FINDI GS AND IMPLICATIONS‘ESONCLUSLDNS &

N R ‘AND RECOMMENDATIONS

| «
A summary of the investiygation is presented in the first

' partggf,this chapter. The findings and their implications are then

N \r

discuﬁeedfinwdetail. .The next section contains a 1list of conclusions
. T co - : Y- = .
\\\Hrayn from the study. Finally, some recommendations are 5§§ppeed'

" ‘for both research and teaching.

_—
:,}~

~

Summary g, . .
) ! ng.. 2

) ~ - ! N . \inﬂl‘%‘ ’
.,@ . L

In the field of mathematics education more research has
been directed at problem solving than at any other topic, but only

- a few of theae investigations have been concerned with non-verbal

u‘ - =

’FZ,Pe.inclpSion-of noise or
ﬁdietractions in word problems tends tﬁﬁi ,?5ésé problem difficulty.
"The Piagetian and related studies show that young children experience

difficulties in deve%bping specific concepts—due~to their attention

1

to irrelevant perceptual cues 1in concrete and pictorial material

1

Although there is some evidence that young children are .also dis-

vtracted in 1 non -verbal mathematical problems no studies have system—

atically investigated the role of distractions in such ;roblems.g' |
o The major purposes of this study weré\as,foiloWS

N
1) observe, record,

i ;uanalyze behaviors of first-, second-""

and third—graders attempting to solve one of two non-verbal

L



partitive division problems (one with a remainder; the other

with'no remainder) in problem settings representing different

qualities and’quantities of distractions

(i1) &hvestigate subjects “interactions with distractibns in the

five problem settings; s

(11i) examine the effects of distractedness -and conceptual tempo on
problem-solving achievement,'and;the_relationships of these
factors to sex; ability, grade level, problem difficulty,'and:
problem setting; and ‘ - . o

T (1iv) determine the main effects of sex, Qgrade,—a\ability; problem
difficulty, and problem setting on problem—solving achieve-l
'ment and also determine any interaction effects.
'~fThe data for. this study were collected‘in November and

- '

December,1976. Six schools were chosen from'those within*the Edmonton
Publi; School system so as to represent, ?far As practicable, the
q‘ pogulation of first-; second-, and third—graders in the system..
Stratf&ied random sampling procedures, based.on. sex-and MEtropoliian'
Req‘#ness Test percentiles, were used to select ten matched groqys '

: from the grade 1 pupils in these schools. Each grOup consisted of

" three girls and three boys of high ability, and three girls and three

o

_ boysqof low ability. "Ten matched groups. were selected in the same .

way ‘in each of the other two: grades, except that percentiles on a

». ,,41’

standardized mathematics test of the Edmonton Public School Board

L wepe used as the criterion for ﬁgklity

\\ . v

At each grade level each group was randomly assigned to

one of two non-verbal partitiye division problems in one ol five '



distraction settings. Each’aettini included three trucks, and 12

cars for the

problem with no remainder or 13 cars for the problem

involving a remainder. "In the first problem setting the cars and

trucks were all the same color to qxﬂp?a minimal distraﬂ‘}on.

l“\'* N

The third setting embodied color—attribute distractions in that the

-

three trucks

\ctv’
g

were each of a different color, and there were three

colors of cars to match. All cars and trugks were of the same color o

in the fourth setting,.but a spatial-numerical distraction was added

- by marking six bays on the back of each truck. The fifth problem
. .Q) ‘. . i .- .

setting contained all the distractions of the other settings in

combination.
k]

"Each of the 360 subjects attempted one of the two prJ:lems

.,

individually with the experimenter. The subject was asked how many

cars would be on each trtuck if as many as possible of the 12 (or 13)

cars tere loaded. 8o as to put the same n

standardvformat was adhered to in - every c&¥

L,

{ ey

"ch}ldis.confirmation of:his or her response.'“Thereafter the structure

v

of the interview varied depending on the subject's actions and re-

sponses.. This latter part of the interview was designed to get at the

thought processes used in the problem-solving task; in particular,

whether or not the subject was diqtracted and the reasoq; £§r<§ﬂﬁh

'distractions.

=

A 3

¢
An audio tape-recorder was used to record verbalizations,

o

and all owert behaviors were noted on data cards. Each subject could

. &
-

/™

- 4 8core one ‘point for each of the following. first response 'Eorrect, use

80
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B . v . A

4, a ‘8core of either zero, one, two, qr three was awarded.
-

a

The time - taken for each subject to give the f‘tst

response was Jnotedi S jects were classified as either fast
Lo e

U‘b or slow responders (reflective) for

>

reSponders (

&
qufeptual tempo. They were also classified as either verbal .

or~manipulative solvers, based on whether or not they manip—

ulated-the materials when attempting to solve the problem. A

. five—way analysis of ‘variance was carried out to determine the
main effectgbof grade, sex, ability, problem difficulty, and
" problem setting on problem~solving performance, and also "any

. interaction effects. Chi-square goodnessQOf-fit“tests"and tests
R R ' ' ‘ AR
" . “for differences between proportions or means, were used to in-
. M . N R @ N §)
. ' v . -
vestigate other relationships. : - ‘;ian’

»

The subjects exhibited a wide range of problem&sdrv .

:. .uP

behaviorS' many of whi vere influenced by the particular

» s B
»lem settihg. thy 3 |_percent ofosubjects us¥¥fa- valid procedgg;

attempting to solve the problem, and most&bf these followed %

%rial and error approach Very few disbributed one cat per trudk

;.‘-a

’iii turn, or used computatiou to solve the problem. Nearly two-

»4 - el 4
i thirds of the subjects were distracted by irrelevant spatial- s ~ﬂ§§§§'
) ) EA
_ anmerical or‘color*attribute cues. - That is, they conSidered ﬁgat
A S N ' ' P ‘ _
the numbér of cars to be put,on.eachttﬁgckgﬁas based on the amount
: : B ‘ oA s T
. of room, the number of marked bays, or a matching bf cars and ° N
R ) T . ' ! ry : b . B S R N v
#& - trucks by color. Howﬁver, some overcame the distractions and ' et
BaiRe -~ e . S P T . U ‘ .

proceeded to‘solve the problemg A majority of the:distractéd';

3

v . N o
= - . - N .
P> . .8
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v

¢

. action between distractedness and conceptual tempo. S >

subjects gave no explanation for their attention to the 1ii
Y
perceptual cues. Bl

Distractedness was related to sex, grade level, problem

difficulty, and problem setting. More subjects were distracted iq

grade 1 than in either of the other two grades. Subjects Were

distracted more in the problem involving a remainder than' in the
A\ &

one with no remainder. The 'fourth spatial-numerical distraction
setting and the fifth maximum distraction setting each proved to
be more distracting than any one of the other three problem settings.‘
In the fifth problem setting with. bays ma:ked on the trucks more
subjects were distracted by the spatial—numerical than by the color-
attribute cue. However, in the third setting with no markings ‘on

the trucks the reverée was true.  Girls seemed better &ble to cope

bl

with the color-attribute distraction than boys, andﬁamong the verbal
solvers girls were less distracted than boys.' Subjects ggo ‘were “7
-not distracted were far more successful on the proPlem—solving task
than those who were distracted ‘and reflective subjects*&gtained =

J

i@nch higher scores %han impﬁlsive subjects but there was no inter—
N )ﬁ‘a
Problem-solving scores were significantly affe7ted by
grade, ability, problem’ difficulty, and problemfsetting.. Succq’s
o/
on the problem-solving task increased with both grade and ability.

Subjects were much more successful .on, the problem with no- remaindé
(

.sthan on the problem which involved a remainder. In fact, children -

v .

in all three grade levels had limited\success with the latter prob- -

‘ ’lém.~ Lower scores were-registered in the fourth and fifth problem

~ . e

>



) eettings, where mgre subjects were distracted, than in any of ‘
the other three settings. In addition to these main effects, 3 ’

interaction effects of the following sets of factors were noted:
ability and problem difficulty; grade and problem difficulty,

} grade and sex; tability, problem difficultﬁ, and problem setting;
\

and aex, ability, problem difficulty, and problem setting Finally,

there was evidence of some flaws.in the interview techniques.

: " Discussion and*Implications of Findings ,
) R . ) ‘ o . . Y
Ph ' ' . M ) ’ ' Ll ) .

S . e

- The major findin@ﬁ of the investigations were’ listed at ",

‘.

the conclusion of Chapter III A discuss* of each of* these

e ST 2 ; R A s
‘ folldgq‘ 1 ff;; AR e ’.“. . R
.‘ LR ] . o v R E , - ; _— d /1 [ e

? ) '~ & ’:‘5 . . u ‘ ‘ \\. . . ‘
R Subgad%hexhpbzﬁed a mde range qf Qroﬂem—»salmng behM :
e whzqghM n many cases, wére Lnfiuenced by the problem setttng * g

ST " In the fOurth»and fifth problem settings where six. bays%

were marked on e;" _truck most subjects simply counted the bays to

determine their:' ﬂ'ion. It seemed that the marked bays lured ' ;

<

- many children into a differént interpretatigp of the problem. Appar— . | w

. . o .
ently, the problem was seen as one requiridﬁ the number of cars wﬁich P

‘ would fit on each truck Each bay could take one, caf so the child-v,

Tlly counted the bayscio see how many cars would fit‘on each
ffor tﬂese dhildren, Lounting the bays was a :flid and ;‘ £’

o S -
LK .

effictent utrategy fur solving the problem as they saw it.’ The most &é

common'response in these two-settings was six cars per truck which

i
- w /-—\;-_

,provided further evidencerto support the notion that theSe children

Y

,.\ L. . R . B e
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one%. 1. o ‘fi’ib o e _ » NQE
" e ‘ ’ : : : : Cor
R ‘2 Other misinterprd@éﬁions of the problem occﬁrred in the
\ ot # SRR '

@

" and the same-number of csrs éor -each- truck. For example, seven /

© were only three blue cars for the blue trucE" « A,'Ab;:f;;f‘

.,"

. K
oy

were solving a different: problem frgm the one gssigned.
: . , e : T I

. A similar interpretation of the problem seemed to occur® ' .

.

' ' M 2 . -
ithhe first three settings ‘with no bays marked on the trucks.

| Many children set out to determine how many car§¢would fi't on each .

K

N 84

truck as 1f this was the problem to be solveg Some subjects counted

‘imaginary spaces on the trucks, while others loaded cars to. checkﬁ

’

.Responses varied from three to twenty csrs per truck with the most

‘o -
B -

prevalent being three, four, five, or six carﬁpper truckn Tpus,‘in

'all five settings, children tended to misinterpret the assigned prob-

y
lem and”try to fihd out how many card&would fit on’ each truck Hovever’

&
¥

'.ithe marked trucks provided a stronger distrsction than the unmarked

4third and fifth settings when different colored cars and trucks were

o R

-4used. In these settings some children seemed to think that - the task,’

9

tthis behavior ‘was less common: when the trucks were unmafked. Apparently,

N

N
’

required them to.put the blue cars on the blue truck the yellowacars .

R gw : ¢ g

' 00 the - yellow truckJ and the red cars on the red. tﬁuck. Thua, ‘the J;‘

B

Ay T 9 : oz

.on, the respective numbers of blue; yellow, and red carsu. Some subb
. "-b ,‘ E :
-h

t'jects appeared to see the task as one. requiring both the sameﬁcolfrm

e ¢

A v \ . et

children said there would be three cars ‘on each truck because there 41

v ¥
- . S

Y o 2 . ~

this may not mean that they cannot solve ggat problem' rathe 5 ]

srrangememts 354,35 for Problem A and 3 4, 6 for prodlem B were baseﬁ»,;;

N [~ TR
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may be that the response resulta from the nolutinn of nidifferent
problen\ 'nlhtogether. During the interviev aesaio&wl\ich followed
the proble-—aolving taak eighteen children solved the problem
without being specifically asked to do so. “The questiona ponenf
by‘the erperi-enter apparently led then to identify the pronle-

" assigned originally, and they were sble to solve it. If a child
gives'a cnrrect reeponae‘to a problenr 1 one setting this doee not

guarantee that the same renponse vould be gi;en to thnt'groblen in ”
a different setting. It appears that children should be expoéed
‘to the same problen,eontnined in a variety of settinge, along the
lines oflthe nultiple e-bodi-ent principle proposed by Dienes (1971).
The problen question beéan with the phrase "ve,have'to
load-. . .",‘nnd,therefore iuylied\that loading the cars ah;the\\
‘trucks would be ncteptable'behnvior; Yet‘fewer:than one-third of -
the subjectr were -enipulative‘solvers.‘vonvinualy, some eubjecta
uere able to<aolve the nroble- ;itnout -anipnlatinns, bnt many
could not. Avreluctance to toneh'any of.thevobjects suggested chat
‘the -gnipulation of naterials to ‘solve probleus was not the usual -
thing to do for many children. <Perhaps children are not given-
much experience with -nnipulativee in the school nathenntics
progra-. It was so-ewhat surprising to find that there was no
significant decrease in the nunber of manipulative solvers nith
the increlne‘in‘graderlevel« One'poanible erplanation is that
older_children may be more inclined to search for rules to follow
for a given task. They -ight interpret "we have to load —

as a rule, and therefore tend to nanipulnte the cars. On the‘

- ~

i
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_ SR | // .
other hand,‘younger“children may be less influenced by this cue.
" In the fourth and fifth problem settfngs where bays
were marked on the trucks there were fewer mépipulative aolutioes
than in any of the ethervthree settinge with unmarked_trecka.
As al;eady inﬂicated.'many.children nis#nterpreted the problem
and set out to‘deter-ige'bovi-any»éars would fit on each :rucﬂ.
Thus, in the foureh~and‘fifth seét{ngs it was a relatively simple
) procedefe td count tﬁe_naxked ba};,~and that(;h what they tended
to do. However; in the other settinge\childréh were more iqelined
to load cars to see how many would fit on each truck.
Soﬁe'menipelative solvers engaged 1n’unneceeaaxy'aime;
laeiona, such;gi\eriving'trucks around or esidg the loading ramp,
which were not cedéta;\to the'peoblem. Such simulations werebpore
prevalent among boys tﬂeh\gir;s, probably beeause boye tend to play
with cars and trucks more often\than girls~&o. The added realism
i the second.and: £1fth problem settings, which included objects

L ]

-

other than cars ahd trucks, seemed to elicit more unnecessary

si-ulations than the other three'. settings.i These actioe;/elnost
dinappeared by grade 3, and a11 the subjects 1nvolved had little
!‘or no success with the problem. Dienea (1963) suggeets ‘that "in
‘many canes play is resorted to as a kind of defence mechanisn when

the cognitive going gets too tough £or the 1earner (p- 47) " The

v-findings seem to Support Dienes' claim.

. ]
Nearly all the subjects used either an 1nvaltd proaeaa or a_
.trial and error approach when attempting the pmblcm. '

’ Sixty—fodr percent of the subjects did not use any valid

86



vproceaa at all, 32 percent enployed trial and error, and four
‘percent used more efficient processes when attempting the problem.
‘yost of those using an invalid process attended to either color—;
attribute_or spatial-numerical cues, as indicated previously. Others
employed a number of invalid strategies. Six children said -there
would be three carsnon.eachztruck:because-there~uere~three trucks. -

.

These children apparently perceived a different problem from the one

\

presented. They seemed to think that for each truck there had to
be the same number of cars as trucks Twelve. other subjects said
"they guessed to obtain their solution. Possibly, in some of these i/

caaes,la more rational.strategy‘Vas used, but this‘coulddnot be

.

verified.. The so-called guess may have been -an attempt to explain |

. . P, | . N ’ . @
how the problem was thqgghifout. -Thirteen other subjects tended
tovrespond rather promptly, but could not provide any explanation |

of the strategy enployed. ‘Some_pdssible reasons'for'this are'dis-
cussed subsequently. P

-

3 Of the 130 s?)jects who used a valid process all but
.15 enployed a trial and error method ‘ Eleven of the 15 subjects

'.distributed one car per truck iq rotation, éhile the remaining four . -
suhjects-c?mputed the solution by using the operations of nultiplic-'
ation or division. It was surprising that 80 few suhjects used a
systenatic process. In the trial and error method several arrange—, '
nents of cars would be tried in order to arrive at the solution. e
Some subjects solved the problen with only one trial.‘ Hhen asked

why they chose four cars per truck-to begin with, a few children

\\\\\made a response like "I just tried four and it-vorked".‘ Howeve;, .



‘ mans”of these‘gave‘their solution with little or‘nofhesitation 0
but'could not explain the initial choice'of'four, ;uenlthough they
usually damonstrated confidence in this solution. ' o

v Apparently, young children have considerable difficulty.
'explaining their thought processes - particularly uhen a problem
- is solved quickly. ‘Menchinskaya~(l969)vclaims~that—”vhen-there~is--~
‘such an automntized solution, the subject often experiences greatw
|  difficulty in explaining his thoughts, 80 rapidly do ﬂhey proceed
;"(p. 41)." Donaldson(1963) ‘also contends that "much of the thoughtl*
may be too quick for articulated speech or for. some other reason B
: quite inaccessible to consciousness (. 29) " This statement agrees'
with Piaget 8 (1973) claim that va larger part of the structures
.. the child.uses when he sets out actively to solve a\problem remain
unconscious (p. 86) " According to Freudenthal (1973), adults g
generally use an algorithm whereas young children tend to talculate
more visually and arettherefore unable to describe the process ’
| (p. 129) . First—graders seemed to experience the most difficulty
in explaining what they did. Onme explanation could be that young
:childred>generally solve problems at the perceptual or figurative
levels, rather ‘than at the operational level of functioning.
) Therefore they may not have developed a ‘schema. for conceptualizing f
or describing the process. o “ N o

As far as could be ascertained only four of the 360 .

S »
sub jects 'used the operations ofﬂmultiplication or division to solve

the problem. This was a surprising result;.particularlygsincc?;
. B o . ) . o [ - . : o

instruction in theBe operations 1s a component of the school program .



- ) .
{ »

,i U.in‘grsde 2. It was expeeted thst many more subjects would solve
”the problem with no remsinder, especially smong the third-grsders. ;i

'..;Children in grsde 3 sre generslly expected to be sble to compute

- the number of threes in twelve but ic seems thet they are unsble

K

“to trsnslste a resl problem into this computstionsl form, perhsps T

. i
<aMdue-to -a- lsck—of appropriate experiences.;»xleven subjects sdlved_

‘the probIem by distributing one car per truck in rotstipn This

Y

1

itive division problem in the enactive mode. It hppesrs to be a

‘relstively simple procedure for young children to lesrn, but the

: fact thst 8o few children used-this-process suggests thst they-sre"n

. /

not being given experience with it in school. Teschers shouid

'_psrtitioning process is the most efficient one for solving a psrt-

guide'young children in psrtitioning a given set of objects into o

~

équivalent subsets by distributing the objects on . s one-by-one o
:. bssis‘ This procedure should be mastered before being trsnslated
‘in:% the operstion of division at the symbolic level. o
'Q The overall performsnce of the subjects on the problems
bwss somewhst low, and the . lsck of systematic procedures was very

' marked, Could it be thst partitive division is rather difficult

for children in these grsdes? Bourgeois (1976) found thst young jij

i'children vere less successful with partitive than with messurement-

N\
-division problems ‘and esrlier researcﬁ has come up with a similsr

[N

-

'finding (Csllshsn & Glehnon, 1975) However, the difference couldl

"A well be due to the lack of attention being given to psrtitive

&

| 5.divisionrin school'progrsms.

N T R o
‘ ! B ' - . - S X -
. . - .
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A madonty of ths subjects were dtsmcted by- tmlevant
spattal—numsmcal or color-attribute ouss. B S

)

.

o The proportion og subjects distracted was surprisingly \

A

Lo

hi’gh In all 66 percent attended to distractions 1n the problen

'aettings. Of these, 208 bubjects were distracted by spatal.al-nunerical

\ H

_‘_,cues, __42 were distracted by ~the co_l_ors of the cars and trucks and 4’
one subject tried to ,clsssify cars by kind. A further nine percent
of the subjects said they were distracted when questioned by the
experinenter. nowever, the particular questions were such that they '.
:nsy have influenced the suhjects responses. _ 'l‘herefore, there« vas. ’
‘no way of telling vhether or. not t’hese*children were actually dis-
tracted. § S ; _‘ e, L

| As already indicatedP the children who focused on- irrel- '
‘evant infornstion seened to identify a different problen fron the one

‘assigned.. Apparently, for the distracted suhjects the relevant inforn-

| ~ation becane irrelevant. - For exanple, most of the subjects who we N

P
a8

distracted by a spatial-nunerical cue focused on the trucka to deter-
nine hov ‘many cars would fit‘, d completely ignored the . fact that =
there were only 12 or 13 cars. _To them,- this information'vaa irrelev--

The najority of the distracted subjects gave no explanation
. — A
_’for their attention to the irrelevant cues.‘ when questioned they ’

,often did not answer or said, "I don t know" Asking a snhject dfa- 7
i
. tracted by a spatia1~nunerica1 cue the question "Why do you fill

‘‘‘‘‘‘

-each truck?" 1s probably equivalent to. asking the successful solvé'i' M

. "Why do you put four on each truck?" Each subject might see éhe '_j".:‘,‘:g .

>
'question as "th did you solve the prohlen?" and consider it redund-
l

: ant,- or be unsure how ‘_to resp_ond. Also, sone children qay have been

- | _ . N - %?:

90 -

u..‘-

-
v
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?:that of the main sample.r Both of these factors may have contributed

unable to recall the rationale,for the particular strategy employed4
There was no significant difference between the proport-»ﬁ‘

ions of manipulative and verbal solvers who were distracted. However,

in the pilot study (Bana & Nelson, in press) it was found that manip— '

ulative solvers were more easily distracted than verbal solversp and

alao that the overall percentage of distracted subjects vas less thsn:“”

-

in the current study. In’ the main study, subjects were questioned
more extensively in an endeavor to determine whether they were dis-'

tracted or not. Also, the ‘SES of the pilot sample was higher than

to the difference. The effect of SES on distractedness needa further

- investigation.'

The problems used in this study had tvo componenta -

<

the prohlem setting, and the problem question pr&sented verbally to’
"the subject._ Therefore, if a subject was distracted by irrelevancies

in the .problem setting the nature of the question probably played a

key role also. Almy (1966) clains that

| ;This may be 80, but Gagné (1966) suggests that

‘mthe problem Question. Yet, subjects rarely used this phrase either R

the. child 8 responses are shaped not so much by the quest~
ion put to him, as by his way of looking at the materials
and objects in the experiment (p. 133) Lo , N

/ .

the process of distinguishing between relevant and irrelev- ‘
ant cues in the stimulus situation may be affected by in~
structions vhich increase the distinctiveness of (these cues
(p. 142) v _ » :

o In the current study "the same number of cars" was a. key phrase in

-]

.0
S e

/L\\;~;:///ae§king clarification of the problem or during the interview o
5
. ich followed~ rather, they tended to say "the same amount of cars

91



*
o,

. 3

'lIf "same amount" vas more meaningful than "same number" then the
substitution of the latter phrase in: the problem question might
have resulted in fewer subjects being distracted. The overall -
mean score in the main studyfwas_luoz, whereas the mean score: in
‘the»pilot study was 1.58 (Baha &»Nelson; ingpress). .Some ofgthe
differencehisfalmostAcertainlyndue:tofSES'and related~factors.-

However, the problem questions were not identical in.the ‘two

- [y

studies, and this _may also accOunt for ‘some of the discrepancy

yin performance.' More research is needed to determine how tPe
‘problem question affects distractedness in. the problem aetting.

| The first problem setting was devised as one of minimal
distraction but many subjects were distracted by a. spetia1~numerical
cue, both in this and in the other four settings. The second and
fifth problem settings included situational distractions\in»the form
of three men, a buildinga a loading ramp, a parking area, and a »"'v
roadway. However, these situational distractions apparently had no
J-effect as such._ Some subjects were. distracted by the man on each of
”.the first two trucks but only- in a spatial-numerical sense in that
‘each man was considered ‘to take up space. For exampfe, these child—i
;ren generally claimed that each truck could take five cars because |
the-man was “in the way. Although these two problem settings elicited }"
more unnecessary simulations than other settings all the subjects .
who engaged in this behavior were distracted by spatial—numErical

or color-attribute cues. Thus, it appears that a distraction only \\\*'

‘works' if it pro des the basis for .some alternative problem.-r f



children it nould;appear thatvsome difficulty will‘be encountered,

~ both in isolating'psrticular“distractionsyand in providing sit—
"_uations which are"distraction-free.‘ Perhaps it is:not possible

to provide problem situationsnwhich are. realistic and inﬁ’ﬁesting,
and at the same "time free of distractions. As Stevenson (1975)
,observeg,pin making:a problem.interesting~for'the*child‘se"alsoy o
o introduce%irrelevsncies. How &an this situation be reconciled?

. Dienes (1963) suggests that "perhaps the solution lies in gradually
inc\Easing or decreasing the amount of noise present (p. 56) o

Dienes maintains that cutting through noise is an essential component .

of concept formation. Skemp (1971) agrees, and proposes,the

L - . J

following.

4dn the early stages, low noise -- clear embodiment of
the concept, with little distracting detail —- is desir-
able; but as the concept becomes more strongly establish-’
ed, increasing noise teaches. the recipient to abstract .
‘the conceptual properties from more difficult examples

(p: 33’) R L, N

| If children are introduced to a problem containing many

distractions the noise level may be such that they find the problem

.ﬁ' .
impossible to solve. In this respect, Skemp 8 proposition seems

.
&

<reasonab1e. Also, if the ability to cope vith distractions is a
‘developmental characteristic ‘of children then minimal distractions

in the early stages would be preferable. For young children,»a
gradual increase in the amount of noise may be’ the best approach. ’

However, at some stage it might be better to introduce problem ' f{ i
usituations with many irrelevancies then gradually reduce the irrel-' )
evant information if necessary. Jn order to be successful at- solving

real. problems children 'will need to develop the ability to handle



0

‘then reversing i?is procedure later. The last one appeartho

2
]

gituations with high noise levels. Three possible solutions

have been discussed.,decreasing the noise level increasing the .

\

noise.level or increasing the noise 1evel for yOung children,'
A .

u

be the best of these, but/ioqgitudinal research negds‘chbe*s

A .

hich istract children. . & N
v ch may d strac_ ch dren ) ”:i§§§\ fﬂ’ﬁ?»;

~

Dwtractedness was reZated to prablem settmg, and eaeh of
these factora affected broblem-solving perfomcmce

-
)

The mean scores for distracted . and non-distracted sub- 3
jects were 0 58 and 1. 88 reSpectively.. The marked difference in

scores is not surprising‘if one considers that a distracted subject

'Y

' carried out to get more defipitive answers.rg@eucher‘lneﬁd to _,H”_,i“.

/

may be trying to solve a different problem from the one presented.

~

Some distracted subjects overcame the distraction and went on to‘

solve the problem presented to them Why this occurred with some
L
children and not with others is unclear. Perhaps some discovered

that the problem hey had identified cOuld not be solved. For
instance if -the roblem was seen as requiring every truck to be.
\

child¥en tried to do this and, when they ran out of csrs, realized

it could not ‘be done 80- the* proceeded to attempt the assigned

problem. Thus if a problem is found to be illogical the child nay

i) ¢

"search for another problem to solve.

{

I

*fﬂhdﬂ&thghmcusmwtususqumh.Inﬁa,mu_
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The numbers of subjects distracted in the five respective {
problem settings were 28 36, 46 64 and 64. Since distractedness ‘i
- was closely linked to- performance, subjects;wer? much less success-‘

) ful in the fourth and fifth problem settings than in any of the
I . » °
other three settings., The one spatial-numerical distraction in\the

| fourth setting proved to be particularly strong. It seems that the“»mgwumg;,“im

s T X

i marhed bays highlighted a plausible alternative problem which couldyﬁ"

| be identified readily by the’ children. Surprisingly, there -Wwas ng |
increase in the number of distracted subjects in the fifth setting,’_ .

"which included all the distractions devised for the other four ‘set-
tings.. In fact, performance here was slightly better than in the

h fourth setting. Perhaps the fifth problem setting, with its extra 13

;information load necessitated some processing of the information to T

seek’out a. problem, unlike the. fourth setting where, at. least accord-'e“
i;ﬂ_r ‘ing to the distracted subjects, the problem was: more obvious.‘ ' ‘
o | ”The tﬁI—d__ 6Blem setting was. designe%ifo include é color-".'
attribute distraction. However, a\spatial-numerical distraction also '
,g;entered into this setting. Color was thi’stronger of thetho dis—
'btractions here but the reverse wag true. in the fifth setting, probably

"'because the spatial-numerical distraction was: quite definitive in,the _J‘v

’-form of the marked bays., Bourne (1966) has shown that both the "form hll

‘fand amount of redundancy are important determiners of performance in
concept identification problems (p. 59) by The findings of the current
'study indicste that different irrelevancies do create different levels ,

of distraction. As a result.of number conservation tasks given to h

.'kindergarten children, Scandura and McGee (1972) concluded that "rela-’

Loe
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.tively minor variations in the materials used may significantly

affect the child 8 performance on a task (p.4344) "

A similar conclusion has been reached regsrding

Piagetian concepts. For example, Suydam (1976) points out thst

-

"unless the same questions and msterials are used, results may

_M:differ (p.,103) " ’Piaget's experiments with conservation tend

to be task—specific. Bowsver, similar research has shown that

a -

Al

~changes in the task variables can produce different results \}gff”

E ,(Callahan & Glennon, 1975, P. 32) Thus whether children are

classified as. conservers or non-conservers may depend on how they

cope with distractiOns in the given task. Obviously, t is not

' possible to investigate the effects of distractions in every con—ﬂ :

eivable setting for any given problem, and this poses difficult

- questions related to curriculum design. Fbr example, how csn

appropriate learning materials ‘and activities be selected if.little

'is known about the various rent distractions? Much more re-

- 2

' search is needed to establish general patterns of distractedness :

{_in young children, in order that curriculum builders and teachers o

a ')
'may be ahle to anticipate at lesst some of the distractions uhich

nd o
4

"bare likely to inhibit the 1earner in particular contexts.rz/

\ ... . - L . . S
The abtlzty to cope wzth dzstracttons 1nareased wtth the
grade Zevel. S R _

The numbers of distracted subjects in grades l 2 snd

.1>3'were 86, 83¢ and 69 respectively. Of these, the corresponging

r \

7.ﬂnumbers of subjects who 0vercame at least one distractiod’were 12

- i19"?nd_263§:rh“” with the increase in grade fewer subjects were

N

96 .
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distracted, and an increasing proportion of distrscted subjecta

were able to discard irrslevant cues. The scorea on' the problemp “i

"_solving task incrnased markedly from grade to 3rade. Aa*Shulman e

S with noige (p. 77) B This deve10pmental_trendlmay be,obaerved in-

L4

( 1976) suggests these develapmental differencee in performance

o

en the Bame _cognitive taak aeem to be due to the ability to cope Lo

e

o~

the way children acduire Piagetian concepts.- For example, child— g

ren who can conserve numerousness have 'over a period of'time,< s

learned to: ignore irrelevant perceptual cues such as length\or4

9

. configuration.- o o - L ” v

> o
o S

.- : R

\Qbrls were better able to cope wzth dzstractzans than boys.“'

Hore boys were distracted than girls ovqull although

——

N

thif:éiffgrence was aetaaIIy confined to the verbal aolvers. Girls

performed better than boys in the third and fifth problem settings

i
' }

where there was a color-attribute diatraction._ Fewer'girls.were '

distracted by color, and they were more likely to discard thiﬁ cue i
“thsn the boys. Thia could be due to different experiences that _;w
boys and ;irls have had with this type of situatidn _:Ihe color- Y

attribute distraction needs to be embodied in a variety of situations'

v

in order to ascertain the extent of sex differences in relation tb ’

P S

'ﬂusfumon \'.fh o - f .w'wa.' N ;QJ,

- . . L . . ;

N

Hzgh abzltty subaaota weré more suaeessfhz than Low abzlzty

S subJeats on the pmblem—salmng tasks o R

s

7*‘: . The mean scorea of the high and low ability groups were

1. 19 and* O 84 reapectively, and the’ correaponding percentsges of i

.-“
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distracted subjects were 62 and 69 percent.’°Stetiaticelly, the

effect of ability on performance was highly aignificant.  However, . .

. in practicel terns:%the difference«betveen the two groups was
not as greet as might be expected. It seems thet the criterin

' used for.lbility in \ﬁis 'tudy ney’not constitute the beet predict-
or of enccess. Perhaps IQ would be a better predictor then ebility>
as it vas defined here. The relationship between distractedness end
performance has altendy been discussed. The high ability group
tended to be distracted less then/the low ability group, but the :

5

) difference wa& npt very marked.

f

More subjects vem distracted in the . dwwwn problem wi th-

a’ remainder (problem B) than in the one with no {mmamder
. (problem A). ' ©Y

- The mean score on problem A was 1.34, and on problen B

At vas 0.69. Iheipercentegel of distrected subjects for the two™

,,*Hg‘ problems were 61 and 71 percent respectively. The difference in

h‘&ﬁ\w .

) scores was much more marked than the difference in distractedness,
as indicated by the respective levels of significance (p < 0.00000;

. p<0.025). This nppearn to weaken the argument that ﬁerfbrngnce -
that 1s, problem difficulty -- is closely linked to the distractions
which are bresent. However, problen B included‘an extra car in each
setting. Although this was not considered as a distraction for the
purppses of the study, it seems to have acted as such. Children
often seemed to think that the.problen was to load all 15 cars end’”
put the same number on each truck. Thus as with other diltracted

subjects, they essentially identified a different proble- fro- the
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»

one presented. Some eventually realized that it was impossible
. 2 . . : '
"to load all the cars and that one had to be lefft. Others seemed

tofaee that the probien they uere atte-bting could not be resolved,
but the§ did not identify what the assigned problem required.

. . N - *
.lt . ’

Slow (reflective) respondere ucrv more: suoccaafhl on the problam—
solving task than fast (impulsive) Napondere -but distractedness

was independent of oonoeptual tempo.
The reapective -enn scores of reflective and i-pulsive.\

eunjecte were 1.42 and 0.61. The difference in scores was surprieing—
ly lerge. but the superiority~of the reflective aubjects was anticip—l
ated fron previous research (Cathcart & Liedtke, 1969) Although the
proportion of distracted subjects tended to be higher in the inpuleive
than in the reflective group the difference was not significant. Thie .
seems to contradict the distractednese-performance 1ink diecusaed

1

. before. But conceptual tempo was defined oniy in terne of the median

utine taken -to provide the'firet response to the problen'qnestion.

On this basis, all subjects who took nore'than 'll seconds were class~

ified as reflective. Nearly one-fourth of the distracted subjects
.

overcame at least one distrection‘ and noat of theee wvere in'the ref?;

lective gronp. This was probably due to the extra time invd&@edgin

discarding a distraction and seeking out an alternative problen.;a“
Therefore, althodgﬁ7i-pulsive and‘refiective subjecterwere ainost h
-equally distracted, reflective subjects often o;erca-e‘the'diatrection
and went on to solve the given problem.

In the reflectivevgrcup the subjectsﬂvhc were not distrac-

ted performed significantly better>than those who were. The same -
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result occurtﬁﬁ_In the impulsive group, but there was no interaction
) at all-between conceptual tempo and diatractedneas Conceptual tempo
7 . was independent of grade, eex, or ability.‘ It would be interesting
| to know whether the fi- 1inge would have differed to any extent if
ﬁﬂgen 8 (1965) criteria had been used for conceptual tempo. The relw
o ationship of distractedness to other dimenaions of learning style, -
‘; such as field dependence-independence, should aleo be investigated.
The marked difference in performance between reflective and impulsive
.~subjects emphasizes the importance of conceptual tempo in the teach-
ing and learning of mathematics. Teachers should allow children
‘ample time to process the information, rather than hurry their ‘ ‘
re3ponse.: in fact as Schwebel and Schwebel (1974) have shown, it
is probably best to have children delay their responae for a certain

period of time so as. to encourage\bhem to reflect on the problem.

I%ere were a number of'znteractzon effects. . T oL
There was a significant interaction between ability and
_proble; difficulty ‘and between grade and pProblem difficulty. The
A i,performances of the high and low ability %roupe in problem A (no |
remainder) were almost the Same ., Hovever \in problem B there was
‘a marked difference in scores. While high ability'children still
had some success, the low ability group performed very poorly with -
the more difficult ‘pProblem. First-graders had little success with
~ elther problem but, for problem A, scOres rose sharply in grade 2

and were higher again in grade 3. However, the rise in scores

through the grades was much alighter for problem B. These develop~

1
'



two grades the revetse.was true.. Although girls tended to score

< ' . . ‘ : S A
than girls, this could explaih the difference in performance in

mental trends suggest that, in general, division roblens are not
very apprOpriate for grade 1, but are suitable for grades -2 and 3.
However, even in these two 3rsdes, problems involving a remainder
may be too difficult for children of lower ability. \\

There was some interaétion between sex and grade l\vel;

In grade 1 the boys performed better than the girls, but in the\nthet B

¥

higher than boys overall, the difference was not significant. If

first-grade boys have had more experience with toy cars and trucks

grade 1. Yet it contradicts the findings in the other two grades.
One could speculate that perhaps girls at this level benefit more

from schooling than do boys and therefore perform spmewhst better

‘than boys at the second- and third—grade levels.

There were some defects in the interview techniques.

Some instances of induced distraction resultedlfrom the

, <&
intervievs. These occurred when the subject was asked directly

, vhether or not a particular distraction had some bearing on the

'strategy used to solve the problem. - The experimenter was inclined ‘

to ?sk such a 1eading,queation when the information was not vol-

. 101

unteered by the subject. When asked if they attended to a particular

distraction msny subjects replied in the affirmstive, perhaps to
please the experimenter. ’Any information obtained in this way is of
no praeticsl use since\it'eannot be interpreted. Itiwould‘h

useful to know thet'a subject deelined to answer a questinn than to

/ g}*
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btain a response enégested by someone else. When the objeetive
é"to deﬁermi;e the thought proceesee of the child, great care
ehould be taken to avoid the inclusion of§any-cluea in»the questions
being asied. . | | | ~
In this stndy subjects were generally asked to recall all
. the arrangements of cars they ‘had tried in attempting. to solve the.
problem. and their reason for attending to- a\distraction when this
occurred. However, ome or both of these questions wvere inadvertently
omitted in some instanc;: -with the consequent loss of useful 1nform—
‘ation. 'The nature of an interview will depend largely on its major
‘pnrpose; in-perticuler, whether,the‘objectiVe ie to gathet'duantit-
ative or qualitative data. ’P%eribility‘is‘generally deeirable so
that queetions canbbe varied‘according to a subject'b.aetions end
| responses.d If quantitative data-ie required then the:interview.
necessitates some structure. For example, if the;intention is to
zdetermine:hom many children counted the objecte before solving the
problem then’ the appropriate\question would need to be asked in
every,caee. Finally, the use of non-vgrbal problems combined with
individual interviews .seems to be the moet\useful means for gather-~ '

o

. ing’ information on how young children learn mathemhtics.
Conclnsions B ' o ~

HER ﬁe findings above are not all definitive. Some will
need to be checked by further research. However, the fOllowing; s
vgeneral concluding statements seem to be supported in varying

degrees, by -the resulta of this study. o I R ‘ -

a
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1. Children in grades'1-3 lack experience with realistic part-

itive division problems in the enactive mode, and tend to use

inefficient or incorrect methods in attempting to solve such probb Y
’ leMo . : b ‘ ’ . &

2. Both problem-solving behavior and performance are affected.

by the setting.in uhich,the_problem,is embodied.~~~~ L.

3. Young children are easily distracted by irrelevant perceptual

cues in the problem, setting. | S

4. Distracted children seem to identify and solve a different
problem from the one presented, ‘unless they'overcome distractions and
recognize the assigned problem.b | |

5. Irrelevsnt information inﬁﬁ,problem setting acts as a distract-
ion" only if ;t can be incorporated into a plausible alternative prob-‘

4

lem by the child.“ Lo e *
6. Developmental differences in problem-solving performance are

‘related to the ability to cope with noise.;

1)

7. Girls are better able to cope with distracfions than boys in

'grades 1-3. 4
TR o~

8. Slow (reflective) responders are more successful problem
solvers than fast (impulsive) responders. . . ¢

9.\Division,problems with no remainders are‘appropriste for‘i.
ggrades 2 and 3, but problems involving remainders’are suitable only'
for the higher ability pupils in these grades. ' »

10. The ‘use of non-verbal problems combined with individual s

'vinterviews, provides a sound basis for investigating how young child— .

ren learn mathematics.' . , R 2

g¥5ﬁh\
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One of the topics most in! need of furtheﬁhresearch in

i

“this area 1s the combined effect of both verpal atid perceptual

'.irrelevancies on problem—solving:behs ior and performance.' In ,
5 .
this study the verbal problem question was not varied. Other

u

.'studies have sHown that variations in'
problem do affect problem difficulty. e interaction between

the verbal question and the problém 8ettin§ needs to be investig-
ated. This can’ be done by incorporating dffferent types and
amounts of distraction: in both the verbal and perceptual components

/of the problem. Another question requiring'some definitive answers

'concerns the way in which noise should be included in learning sit-

~
uations. Should distractious be’ gradually increased or decreased? -

Or, would some combination of these two approaches provide the best

learning sequence? _It has been suggested that young children,may

need to learn mathemstics‘through a gradual increase in the amount

, . _ - } o
of irrelevant information but that at some later stage it might be
‘preferable to present problems yith‘many distractions which can be
gradually reduced if necgssary."ﬁowever, much more evidence is re-"

o

ouired to determine'which is the‘best'path to.follow.' C .

The study undertaken here was essentially of .an explor-
atory nature and therefore limited in’ scope. " Each subject attempted
only~on‘hﬂ§oblem. It would be interesting to observe the behaviors
of individuals in a number of similar problems to check for any

E variation in_distractedness with practice.‘ The findings have rev~

e
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e format of a verbal .
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a

ealed useful information on the rqle'of distractions in particular
partitive division problems. huch'more'research needs to be under-
taken with many different problems‘in a variety of settings. It is”
“.likely that the mathematical ideas in a problem, the type of situat-
ional referent “and the particular ;etting for both of these, a11

A”affect the way in which children will handle any distractions that

- are present. The many different types of possible ‘distractions need.

L)

to be identified, and their effects measured -- for example, attrib—
utes guch as size, kind, and the like..i" / |
The findings suggest that girls ‘are les distracted, and
seem Better able to cope with color—attribute digfractions than.boys.'
To what extent do these differences apply? Obviously, this‘question
~can only be answered through further research with a variety of prob-
lems and settings A comparison of the. results of the pilot study

[ .4
ani the main study suggest that SES should be considered as a

possible predictor of distractedness. The role of other pupil
'characteristics,bsuch'as‘IQ, should also be investigated.
" The reluctance of many subjects to manipulate the materials
suggests that children in the_gunior elementary grades may not be
: given sufficient experiences with concrete material to help them learn
mathematics. Very few subjects used’an efficient strategy to solve ‘
"~ the problem. Partitioning a set by using a one-by—one distribution of-"
objects is a strategy which children in grades 2 and 3 should be able ,
;_ to master readily.i Teachers should ensure that children are given
adequate experience and practice with this method so as to enable

-

" them to handle partitive division problems in the enactive mode .
’ a : | ‘ :
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Teachers need to be aware that realistic settings will
include irrelevancies which distract young children (*However,
for any given situation it may be difficult to predict which
aspects will distract children. Neverthelees, some attempt should
be made to identify likely distractions in learning'activities in-
volving manipulative materials?\ Then children will need to be ob-~
served closely to see how they handle these distractions. If a
child fails to solve a problem this .may not - sig;ify that he or she
is unable to handle the mathematics involved In 'such cases irrelev—
sncies should be removed as far as practicable, aince they msy be . too
distracting. On the other hand if a chi%ﬂ succeeds with a problem
‘in a particular setting teachers shqy{ﬁ}iot be deluded into thinking
that this type of problem has been mastered. The child's performance
should be checked tn other. settings also. | -

- | Impulsive responders are not as successful as reflective
responders in problem—solying tasks. . Therefore, teachers would be
advised to delay children's responses and encourage’them to.reflect
on the problem‘before giviné their solution. This may provide’an
opportunity to overcome distractions Teachers should also employ
the multiple embodiment principle, that is, expose children to the

same problem in a variety of contexts to help them deal with varying

. types and amounts of‘distraction. Children need to be able to cut.

through noise in order -to abstract mathematics from their environment.
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”
APPENDIX A
SAMPLE OF INTERVIEW TRANSCRIPTS

7 The foliowihg‘sgmple df ££1r£§.tiahscriptg of inﬁer-
views consists of ome exAméle drawn froﬁ each of the two proB;em
difficulty levels, for_eaéh of the three grade levéls; in each of
the f}ve problem sefci;gs. Each tranfcript begins at the point
where the problem’questiod has been asked for the seéoﬁd tiﬁe‘in
accordance with the set protocol. The verbalizationq‘of the ex-
perimenter (E) are présented in standard script, whilé those of the
subject (S) are in italic script. Noh-vefbal behaviors are rec-

orded in parentheseé.
' s

First Problem Setting

Problem A

]
+ Jacqueline -~ Grade 1: (S looks at trucks and responds
o . _ _
Are you sure that's right? (She nods). Quite

imme&ia:ely). Nine.
sure? Yeah, because I think three goes here (pointing to front of
first truck), three there (bointing to'ﬁid&le'éf trﬁck)@ and then
thréé more there (pointing'tovback of truck). I ;ee. kow'are thefe
;nough cars tg_pu; nine on'each truck? (éhe looks inténtly at cars,
apparently couﬁting, then shakes her'head).“So there areﬁff‘enough;'
: Did 'you count the catsnbefo:e to see if there Qére'eﬁough? No, L@

jusf did that. Did you think there were enough before to put nine
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n
on every truck? Well, there's three here (indicating three cars) ;
as much as I satd on the truck. But arc‘there enough to. put nineg
on that truck nine on that truck and nine on that truck (indicating
-' euch truck in turn)'l " No, only on that truck (indicating first truck).
' Will that giue"us. the same number of cars on every truck? JNo,
because that oﬁe will get ze:nu, that one,,wil-l'—get"’ui'bf,'ia-rzd that one
willrge't nine. Why did you want to do that? Because, you see,
’t‘here 's three (1ndicating‘ first threé cars) and that would fit there
(pointing to front truck), and that three would fit there (indicating
a second group of three for the middle of the truck) , and ‘three there
- (indicating a third group of three for the back of the truck), be-
cause it looks like it fits. I see, but why did you want to put that
many? I dwwmo. Did you want to fill it up? Yeah, to take them away.
Did you think thcré would be enough cars to put nine on each truck?‘
Did you think that l;efore, did you? I didn't quite know, then.
There 's only-three here (pointing tol groups of cars); here's three -
cavs, tjzere 's three care, therc 's three cctra, and there's three cars.
There's Hfo:_a'.’ One, two, three, four (counting groups of 't.hreé). . But
does thut give us the same numer of cars on euery truck? ,ﬁo, zezfo there,

three thére, angd nine there (indicating each truck). So, that's no

.y

i NV

good, eh?  Uh-uh. . -

- Adriemne ~- Grade 2: (s looks at cars for some time' seems

st

to be counting) Four. Are you sure that's right? ' (She nods) Are

.QN

you quite sure? Uh-huh. How did you know there would be four on each
truck? I i@/gmted. 'Show me how you counted. (She points as she counts
“groups of .four' cars). One two, three, four; one, two, thpee, four,

vy
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one, two, three, four I eee. but how did you know you had te count
| to four? Did yon try counting to threej Uh-huh. What happened when
Svykou c;-ied to count to three? There were some more left. What: did
| you try first? Two. You counted in twos, did you? I counted"m
twos, then threes, then foure. How do .yPu_!m,w four s right? Be-
cause I oamted.thme' group§._ |

v Sheiley :— Grade 3: (S looks at ce;:s; coﬁnting to self).

“Four. “‘Are you sure thet's riglit? Uh-huh. \ Qe;te sure? Uh-huh.‘ How
did you lcnow there would be four on each trucl? Because there 's
twelve care and you put four on each one, and . ‘that wouZd work because
four tunea . . Oh, what am I doing?. I aan't ea!plazn 'Lt. You try.
Well, them 8 twelve cars and you can put four:on ‘each truck 80,
wmm .' c . Did you try any other number first? Yeah What did you
-try first? I trt.ed 81—.‘!.', but tt didn't work. What made you try six?

~ Because then you couZd only szZ wp two trucka.‘ What made you try

" six? Because six plus eix equals twelve, But thenyyou ean't do it
B beaauae you only have two truaka.o Did you decide to try six be-

- cause you could only fit s:l.x on the back of the truck or what? -
 Yeah. thr.q.d you want to f‘ill‘ the truck up? I dwmg, D:I.d‘you
‘think there would be enough cars to put six on each? Yeah. Did you

‘count all the cars to see if there would be enough? Yeah. And when

six y)ouldn't work, what did you do then? I tried other numbers. What

did you'try? I tried three. Did that work? No. What did you try
next? Then I tried two, but that didn't work either. What did you
do then? So, I tried four, and that worked. Is there aﬁy other way

- you could figure it out? Er . . . I don't think so.

117



-Problém B. | : _ | o '
Robert —- Grade 1: (S looksvat the cars, then at.trucks,.

_ﬁine. dre you sure that's right? (S glances at taﬁe-recorder, then .-
' loads the first truck, and managee to squeeze seven cars on it).
'Seven; Are you sure that 's right now? No, I'm not sure yet.“,(Puts
six cers on the next truck). Siz, but there & nome on that truck
(pointing to third truck) (ﬁ repeats the problpm queation). Seven;
Are you sure that's right now? No, there's seven, and 8ix, and none.
"Are you sure that 8 rigﬁt? (s nods) Do youlhave the same number
.' of cars on every truck? (No, but ‘there azwen't enough cars; they ne

aZZ used up Why did you put this many on these two- trucks? Zﬁere
'anen’t enough for nine on every one. Did you vant to fill the tmck v
up? (S nods). Why did ‘you want to do that? Because then them
_ wouldn't be any more “room. Why didn t you want to 1eave room?

Er . . . (E repeats this question several timee but gets no responae)

. . Do we have enough cars to put nine on every truck or seven on every

truck? (S shakes his‘head) Did you count the cars to see if there
were enough? No. Whj not? _Er .“. I dbn't know.’ |

| Phil -- Grade é'" (S points to each car in turn, counting ‘
‘ in‘whispered tones. * He then puts six cars on. the first truck and five
on the second truck, 1ooks at ‘the cars remaining,.then sweeps all the

~ cars off the trucks He then puts one car on each truck, carefully
‘turning each car to face the front, until there.are four on each truck,
.and he holds the thirteenth car in his hand) Four. Are-you-sure
that's right? Yeah Quite sure? (S nods). Why'didn't you-put that.

one on? Because you sazd we have to put the same /amount on me
. ) “‘r - f
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trucks. ﬁhrhldo we have to lehve that one off? Yes. How did ySu | \
know there would be four on eac truck? Because . . . er . . . |
because. you put each of them one at a time and then we fmd out we
have one left. Now,‘when you finished putting one at a time on each
htruck did you know they had the same number of cars, without counting?
No, but I cheaked. But, could your way make sure that all the trucks
'»han the ssme,number'of cars?vaeah, You started to nut.six cars on
there'(indicating.first truck), didn't you? Yeah. ﬁhy did you do |
that? I never . . . I never realtsed that there wenen’t enough |
You thought there would be enough for six on each truck? Yeah. ‘Did
you want to fill up each truck? Uh—huh Is that why you put six?
- Uh-huh Why did you wsft to fill the trucks? I thought there would
be enough ¢éars. Does it work that way? No, because’ there aren't
‘enongh. > h
@ Kathy -?‘Grade 3: (S.looks at the trucks, then loads

five cars crosswise on. the first truck, thus filling ic. " She then

does the same on the second truck, and puts. the remaining three cars’

" - on the third truck. She seems to puzzle over this situation, looking

from one truck to the next. She points to esch individusl car on
the first two trucks, apparently counting, then lookq again at all
three trucks. One car is,removee from the first truck ‘and put on }—e/"
the third.truck.\ S looks.expectsntly at E, who repeats the question).
Fbur.f Are'you sure that's righ;? Er . . . but that one's got five,
-that one's got fbur, and that one's got fbur (pointing to the respect-
ive trucks), (E tepests the problem question). Five (after some

‘.hesitstion). Are you sure that s right now? Yeah. How did yOu know

\
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there would be five? But then this one (pointing to third truck)
will have three. What made you say five? I dunno. Did you try

to put five on all of them? (S nods) Why did you want to do that?’
(s ahrugs her-shoulders). Couldn t: you figure out what to do with
"that extra one? No. Did you want to make sure you put all the cars
.o'n"?' UnZese we go Z-Lke thw (takes the extra car), and then take

thie one off (removes the car from the second truck). And what would
thof give you then? Four each. 1Is that riéht? Yeah. What about

thévgxtra one? What do we do with that? I don 't know.

Second Problem Setting
. (’

Prob tema o
Debra -= Grédevlz- (s 10kavat cars;‘then at trucks).

I think siz will be on each truck. Are you sure that's right?
Yeah. Quite suré? (She nods). How do you know there will be six?
.I dwmo, because I can see that this has lots of room (pointﬁxg to
the first truck). Do you think there's enough room for six? Yeah
Why? Because . . . er « oo I dhnno. Why do you want to fill each
t:ruckup? Because . . . er . | I duwmo. Because . ..er. ..,
they take them to whene the other cars are. Do we have enough cars -
to put six on each truck? (She nods) Did you count them to see |
if there were enough? I dzdn't count them. But you think there are
enough, do you? Yeah. 1 see. Did you think about the men being in
‘ the - way (pointing to the two men on the trucks)? No.

3

Tammy - Grade 2. (8 looks at cars, pointing and cOUnt-A

ing sub-vocally) Fbur. Are you.sure that's right?u Yeah. Quite
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sure? (She node). How diuiyou knou,there wOuld be four? Be- -
cause'there'a.thirteen of them (there are oni& twelve). Uh-huh,

~ but how do you know there's going to be four on each truck -then?
Because I went like that (indicaring groups of four);'there'q fbur;
.and four, and fhere's fbur Zejﬁy How did you know to make groups
‘Of” four? I saw two there: and then two there, and then I put my |
finger on (indicating first group Oflf0ur cars), fbr fbur. ‘Yes,.

but why didn't you put your finger on for three? Did you try three?

.1)\‘

No. Did you try five? ‘No. You tried four first, did you? (She R
nods). What if you tried four and it didn't work? I'd try three
or five. Did you try four"because you thought it would bevrigyt?
Yedh. Didiyou'eount'one, rwo; three, fourl_like rhat? Yeah. You
show me whet you did. I put my finger on four (indicating first
.. group of four cars), them on those fbur (pointing to'nexr group of
four),»then there was four left, so I had four on each truck. Did
- you have a look to see how'mueh roomvthere_wae on the:trucks? No.
- Did you think aoout the men on the trucks being.in the way? No.
~ What w0u1dhyou:do about the men if you couldu't fit four cars? I'a
take them off. | |

Raymond - Grade 3' (S laoks at carsgfeppareutiy count~ 1
'ing). "Four. Are you sure that's right? Yeah. Quite sure? (He
nodei How do.you know there 8 going to be four? Etght plus four
'eQuaZB, er . . . How did you know there was going to be four? I
counted them. You show me what you did. How did you count? Fbur
here, fbur here, and fbur there (pointing to groups ofvfour) How ,

did you know there would be four in each group? Because there'a
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four here for this truck,,fbur here for this truck, and four here

for this truck (1§dicating matching grdups and trucks). But how

did you figure out there would be fopr in each group? I counted

them with my eyes. You just looked ~did you? Did you try making
~any other groups? Yeah, I tried two, and'three, and four. You

tried with.two~ did you?. I'st&}ted'with two.  Did three work? There
was . three on here, three on ‘there, three on there (indicating trucks),
but ‘there'd be three Zeft qver. What did you try next? F%ur. What |
about the men,'didliou také any notice of#tﬂem? No, I've got men
Jjust like that. I've;got a whole bunch of them at home. And did you
think about how much room there was gn the back of the trucks? Yeah
Could you fit more than four cars? Yeah. WOuldn t you put more than

~four cars? No, because there ien't enough cars.

Problem B ,

»éﬁisttpﬁérvr-’étadé 1£‘~(S‘160k§ at ca%s,fthén‘at'trucks).
Fbur.. Are you sure that 8 right? Yeah " Quite sure? Yeah How did
| lyou know there would be four? Because I think there's ~enough room
for four. 1 see. Do you think we could,fit more than four on each?n
I think we could fit five} You think we ctuld put five, do yoﬁ? Yeah.
Could we put six on each? (He shakes his head) I see, But I think
we could get 8itx on this one (pointing to the third truck with no man °
-on ‘back). Why not six on these.two at the front? I d&nno, because
 they're smaller than thta one, Why are they smaller? I dunno.  1s.
‘ that because there is a man on each of those, is_it? ‘Yeah."Couldn‘t

-'the men come off? (He‘shékes hié head). So you would put fiye on each.



What do you think thehanswer is then?t Fipe.‘ Did you count the,cara
"to see 1f there were enough to put five on'each?A One, two, three,
.I. . (pointing at cars). Did you count them before? (He.shakes his
..head and proceeda to point and cOunt ‘the thirteen cars ‘out loud)
Do you think that 8 enough to put five on each? Yeah Why ‘wouldn't
you take the men off? I dummo. |

Michael -—- Grade 2: (S glances at the cars, then .at the
trucks. He points to spaces all over the back of the firat truck,
counting sub-vocally, then does the 8 n the second truck) Iwelve.
Do you mean there will be twelve ach truck; twalve on that One,~
‘twelve on that one, and twelve on that one (pointing to each truck
in turn)? Yea; Are you sure that s right? (He puahes three cars
“up the- ramp onto the first truck, then lifts two more on. He goes

.

to put . a sixth car on but hesitates, then eventually aqueezes this on

' without taking the man - off. He puts six cars on the sécond truck, . :

|

carefully lifting the man and standing him on top of alcar. He pute
the remaining car on the third truck and looks. expectantly at E. N

E repeats the problem queation. s points to. and apparently counts’ "
the ‘cars on each truck) sia. Are you sure that s right? L gueasl

| 80; Are there enough cars to put six on every truck? (No.‘ Why did
you want to put eix? I dbn’t know. Why didn t you t \e‘the men off
the trucka? I dzdn't thtnk I was aZZowed to.» .

Harry — Grade 3: Do you understand? Yeah, but-IedbnYt\\\;i

know how many cars thZ be on each truck. Well, that's what-&Ou have
B

to figure out, okay? Ieah, ao .« « . (He looks at th trucks and

pushes a car up thevranpronto the first t ck, and 1 fts four more »
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‘cars on). Can you move the man? (S carries on with the task, so

E does not respond. S moves this “truck forward) That one over

-there (then he moves the second truck up to the ramp and puts five

cars on this, ithen moves all three trucks forward so that the third

ot

one 1;; by the .ramp). Er . ._ . looks like we run out of cars. He

" puts the remai‘nin'g throe" ca“ré on the third truck); ‘We 've run out of -
car's.', (E repeats. the Problem qtr;:stioxr)  Er Co five. " Are you_

sure that's right?’“ Yeah. Quite sure?. Yeah. Why do you say there 8 .
going to be five? 'Cause look it. Here 's fiveklnwnbers (polint‘ing.

" to first 'truok), here's another five (second truck); there 's “three,

"~ only (third truck) ; so,. if you put five cave on each truck, and you
only habe‘ three moz\e left means you can only put three on one truck.
Uh-huh, but do we .ha've' ghe .same number on everyu truék?/ No. Well; why
did you leave them like that then? We 've got too many cars. You gee,
if I took thw avay (moves one car from the second to the third truck)
.and put it baak here, we still] got one car (pointing to firsr truck
with extra car). So, we gotta put thzs‘ me.sMhem. Uh-huh. - Did |
you check to see how many cars there ‘were? Yeah, thez!e '8'thirteen.
Why did you put five on those first two- trucks? ‘Why didn t you put
six, or four, or some other nun;ber? Because then I wouldn’t have
enough to put here (third truok). But did you know you wouldn't have

enough to put there when you startod?- Yeah, b"ut; . . Why did you

‘put five on.the first truck? Because the man was in the way.

ta
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Thitrd Problem Setting
Prob lem A
Cameron —- Grade 1: ZSS glances at tépe-recurder; then
1uok84at‘cars and trucks intentiy. He-puts thrée red cars:on the
‘red truc%r three yello% cars on the yellow truck and three blue
cars on the blue truck) Three. -Are you sure that's right? Yes.
Quite‘sure?' Yes. How did you know there was going to be three?
Beuause there's no more room. No more:room.there? (E‘points'to
empty-sphce on a truck). Yes. What do you mean then? (Nu re-
8ponse) Why did: you put the blue caqp.on the blue truck, and the
yellow cars on the yellow\truck and the red cars on the red truck? .-
o
Why did you do it that way? Because there wag no more blue ones.
I Qe__tg. And there would be more of these (indicating yellow/ and red
cars left over)  than thé biue ones. So you could onlj'put three
lon those trucks as well. ' &eah., Why did you uant to put the blue
cars on the blue truck . ; .‘(répeatiug as before)? Beqaus? they
| Jna?éhucolbré. Why di? you want to match.the colors? Becauseithey
ibok'nice like that. Is thut the only reuson? Yeuh. I
, awrence -- Grgde 2: (S looks at the trucks, then the .
cars. He({tts a red car on tQhe red truck, a yeliow car.' on _thé yellow -
truck{Iand a blué car-on the blue truck; then continues to reueat
this process until tie ggté to the last car). There ?s r'zo__mbre blue
bnes (as he hesitates then placeé.the remainingfféd car on the blue

truck) (E repeats the problem question) Four. - Are you sure that's °

aright? Yeah Quite sure?  Yeah, I'm sure. How did you know there
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would be four on each truck? ‘Cause I can easily 8ee. 'Cause two

'go here and two go here (pointing to cars on truck). Uh-huh. Did

you count to see if there were four on every truck when you finished;

or did you only count. thegn on one trqck? I cownted while I was going
along. 1'see. How did you count?” I went one, one,‘ or;e (pointing
to each eruck in turn), two, two, two, . . . I see. Why did you put
the blue cars oh the blue truck, and the yeilow cars on the yellow
truck, and the red .care on the red truck? I felt like it. Why did
you feel like 1it? ~'Cauee they ;m theb same color as the truck. Why
'did you ;van; them the same? 'Cause so ei;ery truck’(can carry the same

color of oare. But, you've got a red one on there (blue truck).

~

Does that matter? No, it doean't matter. But you wanted to put

the same colors together, did you? Yeah. ‘Why did you want to do
that? I Just felt like doing it. '
Karen -- Grade 3: (S looks at cars, appamntli eomtit}g)-

NMine will . . . twelve and nine i8 . . . nine is. three, go it's

- eiﬂwr nine.or three on each truck. (E repeats the problem question.

S looks at cars for a mnent). If‘ we put four on each truck there

'will be ﬂziz‘r?een. Is that thirteen altogether, do you mean? Thirt-

een alwgethqr, yeah How many will be on each truck? Four mZZ be
on ecwh truck. Are you sure that's right, now? Yeah -Quite sure?

.Ye\ah. How do you knov there *® going to be four? Because we divide

»these Sfour and'put them on this. truck and then put theae four on

this truck, and then put these four on that truck (indicatingthe

_first four cars for the first truck, etc.). Uh-huh and will that

give you the same nud»er oc each truck? Uh-huh. How did you f:l.gpre

Q
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out thete was éoing to be four on each Lruck? Because I added these
with four, 80 tha‘ will make eight, and that four w thirteen (again
indicating groups of four). Did you count all the cars t; see there
was thirteen' There's twelve. But you can dtvzdb it tnto thirteen --
fbur, fbui, and four (indicating groups again). Before, you said
nine or three. What did you mean? Because mine pZusvthree (indicat-
ing blue cars) equals uoelve, and one would have less than the others.
1 see. Did you think about putting the red one% on the. red truck,

the yellow ones on the yellow truck, and the blue ones on the blue v
truck, or “not? No, because if you put . . . (E interjects). D;d

you think about that hefore I mentioned it?; Yeah, I thought ébout
it, but tﬁen there’d be only three blues on this truck, and then four
yellows on this, and then five reds on that truck (pointing to
respective matching trucks). Why did you want to do it that way?
Because then they would match these three trucks. I-sée,'hut gﬁy

do you want the colors to match? Er . . . I dunno. Did you want

tem té match, or did you think they had to match? I thought they
F g . '

had to match. And did you want them to, as well? No, not really.

.Tell me why you thought they should match. What made you think that?

Er . . . I'mnot.sure.

o

Problem B~

Lance -- Grade 1: (S looks at cars, then at'ttucks).

Six. Are you sure that's right? (S nods). Quite sure?. There'll
A

be gix, and three, and five. There'll be six, and th'ee and five,

1

will there? Yeah. Are you sure that's right now? Uh-huh. ‘How

° /
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did.you get six, and three, and\fiVe? Simplel How?~‘I Just gueaaéd.t
How did you guess? By counting. You show me what you counted. What‘
Aid you count? This one,"dﬁd AZZ these (pointing to red éars).r You
counted all those cars did yod? Ho&‘many were there -~ do youlre—
member? I,névef got to count all those (apparently considering all
the bars).f HOY did you know.there was going to‘be six; and threé, and |
five then? Cownt them. I . . . I'm gonna count them.‘ You show me
the six you counted. This one (pointing to each red car), like one,
two, thzvé{ four, five, 8ix.  I see, and where would you rut those?
(he poiﬁts to the rgd truck). What vou;d you put on heré (the yellow
truck)? The yellow éara. Uh-huh. Why would you put the red cars -
on the red truck and the yel%ow cars on the yelloﬁ trhck? Beocause
they match Why do you want them to match? I MO, I like to see
_ bqtﬁ colors tﬁe 8ame. Why do you like the goiors to bé the .same?
'Cause I like thgsé colore to be the same. Will that giﬁelés the -
same number of cars on every truck? No. Well, why didn't you put
the same'nuﬁber of cars.oh each truck then? Because thewe‘ﬁaxnjt
that mumber. There vasm't . . . there wasn't siz of all, or five
'of’allf'or three of all. whx didn't you mix up the colors to put
the same number on each? I dwomo. : ) .
Sherry — Grgdé 2: (S looks at trucks). Er o . eight;
Are you sure that'svri;hc? >(She ﬁods). Quite sure? Huh? Quite
sure that's ;ight, are you? (She nﬁds again). Héy did you know
‘theré'ﬁjgoing to be eight? Beéause the thing?an the truck looks
‘ like there can be eight oare on it. 1 see, uh-huh. And what sbout

the cars? Do we have enough cars to ﬁﬁt eight on each truck? (Shé

-
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looks at_the cars‘and shakes her head). Well, why did you say
there's going to be eight on each truck if we don't have enoﬁgh
cars for that? ‘I db:'t know. Did-yoﬁ think there would be
eﬁough? (She no&s). ‘Why didn't ;ou check? (She shrugs). Did
yo"u' think about putting the red cars on th;z' red truck, aﬁd the -

"yellow cars on the yellow truck, and the blue cars on the. blue

truck? (She shakes her’ﬁgéh). Hou*d that be a way of doing it,
or not? (Shakes iler head and looks at cars). Why not? Yeah.
Would that giie yoﬁ the same number of cars oﬁ each truck?"Nb;
Would yoﬁ do it that way;! ‘ (Shak'eQ her heéd)u. .

Kelly -~ Crade 3: (S ‘\looks at trucks, then at cars,
apparently counting). Five. Atg you\ ;ure that's right? (She
ct;mt;s two groups of five); ‘ hfa:it'. no. No?  Uh-huh. (E _
repeats Ith; problem question). Mmm . . . (She looks at @rs again,

‘pointing and apparently counting; is pensive for some time). Seveﬁ_?
. v ‘ ' ‘\
Are you sure that's right? Er . . . I'll check. (She points and \

\

. - . " .o \
checks for two groups of seven, then checks cars again, apparently - \\

puzzled). No, they can't, bec&use there's not even two sets of \
éeven. (E_.repeats the ‘problem‘que_sti‘on._ She looks at 'c#ra péain). ] |
Er . . . this is hard. Does it have tobé the séme amowunt of num- 0
bers? (E repeats the duéhtibn) . Mrm o« o e (Qh shé looks at cars;_.
We'll hav:z to leave one out. Can we leave or\zé-out? (E repeats |
question again. S appears to count cars by _tvo,s). Two’ Are you

.sure that's right, now? (She poinvts ,énd counts cars'sévetgl finés).

Four. Are you sure that's right, now?. Yeah,, but you have to [P

if you leave this ome-out (indicating last car in the row). Quite
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sure? (S cnecks_fnr groups of four). Uﬁ:huh. Why'didlyou say five
before? I dwnmo. Did youvthink about putting nhe‘red cars on the
red truck, and the yellow cars on che"yeilow truck (S interjects:
Uh-huh), and the blue cars on the blue truck? Uh-huh. Did you
_think about that before I told you? Uh—huh ‘Why would you do that?
'Did you want the colors to match? Yeah, sorta. I thought it would

be like that. And would it work that way? No. -
Fourth Problem Setting

Probl;m A

Lonnie ~- Grade 1: (S glances at tape—;eeorder; then at
trucksr"He puts six cars on the-first truck‘by fitting each one in.
a marked bay, then does the same on the second truck.. He looks at -
E, who repeats'the question).v Six. TherE's 8ix on thia one and aix
_on that oné; Are you sure six is fight? Uh~huh. Quite sure? Uh-huh
How did you know there were six? Because, see there's ome, two, three,
faur, fwe, enz (pointing to cars), and there g one, wO, three, four,
f%ve, six (on second truck). What about this ttuck here (pointing to
‘emp;y truci)? How come you haven 't got any on that? Becausﬁtﬁfere's
| not enough . . becauae 8ix and 8ix is more ;han‘nane. I,see; but .
beidn't you have to pu;-the same number of cars on every truck% Ahnb
'but_thegj Qasn't enough‘fbi this one. wh}leidbyou fi}} those.trucks
 up?. Because they gotta go somewhere. But what ebont-putting the same
| number on every truck? Didn't you have to do that too? IfI put three

here and three here (the empty truck) then there'ZZ be siz on both
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of these and six here. Do you‘need six more to put the same number
of cars on every truok? (He nods). Can't you.put the same nunber
on evetybtruek with those cars? I could pui three on hére (noving‘
three cars from the second truck to the empty one) like 8o, thera 71
be. one, two,  three s four, f‘we, 8ix (the three cars and three spaces
on the second truck); one, two, thme, four, ﬁve, 8tx (similarly
on the third truck). Is that all you can do".is it? Uh-huh

Erin -- Grnde 2: T know put them in the squares (and
she puts six cars in the bays on each of. the first two trucks). Siz.
'Are you sure .that s right? One of theae don 't have one. One'J misaing -
out (the empty truck, apparently) (E repeats ‘the problem question)
You mean altagether? (E repeats question again) Siz. Are you sure
that' s,right, now? Uh-huh. Quite sure? Yeah. Now, how do yo‘u know .
there &rill be six? .By " looking at them Did you count them as you put |
them on? No, I put 'em on then I aowzted . See, I went two,’ four, |
8ix (indicating pairs on first truck) I see. Have you got the same
nunber of cars on every truck? No, thie one (the empty truck) hasn't
got any. But didn t you,have to put the same number of-cnrs on e@ery_ p
truck? Yes, but there Wasn't enough cars. You didn't have to f1ll
the trucks up, did you? Yeah, but there wasn 't nough aarB.A'Did I’

tell you to £f111 the trucks? No.. I said to put e same nunber on

every truck., Yeah, but there wasn't enough cars. But couldn t you

i put some cars on that truck. (the empty one) 8o they would.all hnve the

same number of/cnrsz But then they wouldn't all have six. Do the‘y- :
all have torhave six? No. well do you think that you could put some

on that truck so “they nll have the same nunber? Uh—huh (She qu_ickly :
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takes two cars frdu eaeh of the full truo{s and puts them on the
empty one). There, they all have four now. Why didn't you do Qhat“‘
before? I wasn't thinking about thot. What were you thinking about?
I was thmkmg of putting them all siz. |

- Jenny =— -Grade -3: - (S looks. at the cars and the trucks,

Yoo

then puts three cara'on each truck in turn, followed by one car on
ieaeh truck). Done. (E repeats the problem question) -Four. Are
. you sure'that's right? - (She counts cars on each truck and nods) |
f/Quite sure? Uh-huh How did you know that there was going to be -
four? Because there 's not enough _. . there's not enough for each,

¢
to fill the aquama on the back. There's not enough for each car . . .

) er . .. truok Not enough to fill each truck, do you mean? Yeah.

‘>Why didn't you start to fill up the: trucks? It wouldh't work because
I tned it. 1 see.. Why did you put three on to start w:l.th? To 8ee
if it would work, and see how- many's left over, Why did you think
about filling all the spaces? E’r ... to check ‘Lf it would work

" Would it? There wasn’t enough cars.

Prob Zem B

Jennifer - Grade 1: . (S puts one car in ‘each marked bay .
on the first truck, cOunting out loud to six as . she goes aloug, and
’l
then does the same for the second truck) - There '8 only one Zeft

(as she puts the remaining car on the third truck) (E repeats
_ the problem question. S poiuts and counts all the bays on the three

trucks). Seventeen. I oomted them How many will be. on each

o
t

_ truck? Siz. Ate you sure that's right, now? Ieah. Qui_te sure?

” (She'noda). How did you know . there would be six on each’ truck?
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Beoauae I counted when I put the cars on. Have we enough cars for
six on every truck? No. Did you count before to see if- there were
enough? . (Shakes her head). Did you think there were enough? . F

didn't think there vere. What did you think? I think'. . . when

L when I saw them I dubx't thmk them was enough for three
trucks; onZy for two. Well, why didn t you put less than six ‘on

then? Why didxif't you_do that?" Beaause I filled up every square..

why did you‘fill up ,c‘f:ry square? I filled up‘ every"eqm like
that (pointing to a filled truck). .

' Jeffrey -- Grade 2: (S looks at cars then at trucks).
Sizx. Are you sure that's right? Ir . . . I think so. Yeah,J I

think 8o. Quite sure? Yeah. How do you know there will be six?

Because you can tell by the lines you used; two lines down there and

one there (pointing at lines). There's three in there and three tin

. there (the bays) , and three plus three ig siz. 1 see. Do we have

enough cars to put six on every ttuck? (He looks at the cars, .

apparently counting) - No . e zmpags'bble. So', why did you sa-&
six then? Now I 'm aum that there's not gonna be enough, because
there's three here and three here (firat truck), and three here -
truck (third truck) and :na: on there and 8ix on there (the Yirst

two. trucks). Why would: you do that when there aren t enough for ,

" gix on every truck? E‘r . e I dunno.

A

Caroline -~ Grade 3: (S liooka at cars, then at trucks.

She puts six cars on the first truek, six cars on the .se__cén,d, truek,

then the remaining car on the third truck). Thirteen aZtage.the'z".' ‘
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(E repeate the problem question). Siz, siz,'ane (pointing to each

truck io turn). -Are you sure that's right? (She nods). Quite

sure? Huh’ Are you quite sure that's right now? (She nods) . >Why
- did you put six on? Bfeoause there 's 8ix spaces for each of them s

(indicating the trucks). Do you have the same number of cars on every
truok? No. Why didn;t you put theAsaoe number on-ever§ truck?
Because there's noi enough for all the trucks. Bot, if you put less
than six, wouldn't there be enough? (She oods). Why didn't you pug

less than six, then? I dunno.‘

! Fifth Problem Setting

Problem A

~ N

Dawn —- Grade 1: (S pushes the first five cars up the -
ramp onto the blue truck puﬁting one car in each space, moves this.
truck forward and drives the yellow' truck to the raﬁp, then i-ads
that truck in the same way. She movestoth of these trucks {orward
and drives'the red car up to the‘ramp, then puts the reoaining two
cars on it). -There's two gonna be on ‘this one.v'(E repeats the
. problem qoestion%. Five. Are you sure»that's right, now? But

there's éuppoae& to be .a \man right there (pointing to right ftont'
bay on red ttuck where there is no man, corresponding to position
of man on each of the other trucks). Sb-there\wtll be six there

(red truck). (E repeats the problem qoeetion‘again), .Five. Are
_you sure that's right? bh-huh.‘.Quite sure? But fhere’e 8iz . . .

buf there's supposed to be six there (red truck). Why did you put
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" five on these? Because the,spdoea; bu‘t there's two on that .one,4

but thére's supposed to be aiz. We had to put the same number on
severy truck. Do we have the same number on every truck? (Shakes _

her head)f' Why‘didn't you put the same number on every t?gck? (g

Because there's just two‘rpore Zeft. Uh-huh. Couldn't you put

less than five? No. Why not? Because the man was there.

Couldn't:. you put less. than five? What about four on eaéh -

would that work? No. No? No, béoause there'd be a few more

spaces left. ‘ -

| Glen -- Grade 2: (S poinfs to, and apparently Founts

|

the.empty bays on each truck). T;;em’ 11 be five. on th;se two trucks
(the blue and yellow), and six on this one (the red truck). (‘E')
repeats the problem qpestion). Siz on each truck. . Are ybu sure
~ ‘that's right? 4Yovu, mean if you put all the trucke . . . all the
lsame amount on every tmck."’ (E repeats the question again). There'll
.be' 8ix. Are you sure that's right, now? Yeah. Qu’:lt/,e/sure? (He nods).
How did you khow_there was going to be six? Well, béc@e them 's
ei:c 8quares. 1 see. Why did you say five before, on those two trucks?
Because there !s them two men thereh Can't the men move off? Yeah.
Did you think about putting the blue cars on the blue truck the yellow -
cars on the yellow truck, and the red cars on the red truck? Did you
~ think about that? No."" VHave‘ ve eﬁough cars tlﬁo put six on every truck?
(He counts the;calrs)... No. Did you count the cars before? I didn't
'Acoz‘mt the cars. I coz'dited:the épaces. | Do you think it wat;lc_i have

helped if you counted the cars? I dwmno.
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| Curtis -- Grade 3: (S looks at trucks and cars, glanéff
at E, théh‘looks’it cars'again, apparently counting). Four. Are
you sﬁre that's right? Yéah (after some hesitation). Quite sure?
(He nods). How do yoﬁ know four is right? I jugt counted the cars.
You show me how you counted. Er . . . like . . . first I did wmnm
.:.-six, but that wasnft~right:'and ;o I did fbur;-II see. ~What
made you try six? Er . . . because there's six squares on eac@
truck. Whatlabout.the men being 6ﬁ the trucks? Does that make any
difference? Er . ..: Did you think about ‘the men being in the way?
(He ghakes his head?. And did yoﬁ think about puttinthhe blue cars
" on the:blué truck, the yello; cars on the yellow truck, and the.:ed
cars on the red fruck? Uh-huh. Did'you th;nk about that before I
'coid you? Yedh. What made you think about that? Er . . . I dwmo.
Why\' Eiidn't you go on and do it that Qay? Because th?re 's .only three
. blue care. How do you know four is rig‘h.t:?_ Because that's the same

amount on every truck.

Problem B

'Michaei ~- Grade 1: _(S glﬁyces‘at éhrs, theq at“trucgq).
Siz. Are you sure tﬁat's right? Yeah, because they're'so smuil you
ecould just fit six £n;: Uh=hul. VEven though iheiefs-nat much room
beudeen the lines you éan'stiii fit 8ix in. So you would pu£ six on
thére, six pn-:here, and six.on there (pointing‘to trucks)."Is that
vhat you would do? Yedh. And what sbout the men being ihe;e? What
rdo we do with them? Put;fhem in éﬁe trﬁck.. Do we have enough cars

to put six on each truck? Yeah. Did you count them to see if there

@ e
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were enough? No. How do you know"there‘are en ugh'cars to put sir

on each truck? Beoat«se three and t}.ufe\e\isv 8tz [(pointing to bays on
yellow truck).: But ‘how do yod know there are énough cars to'éut eix
on.every truck? Oh, I just know. Did you‘thrhk about putting one in
every spece, did_&eu? Yeah. Why would you‘fill\the trucks up? 'Cause
I'd tiy to get as much as I could out. Why would you do that? So -
”they could sell them. 1 seev._ Did you think about putting the blue

cars onLthe blue truck, the yellow cars on the yellow truck, and the
vred‘ears onAthe redAtruck? ‘Yeah.v Did you think about doiﬁg it that
way before I told you? JYeah. Why would xbu eo‘it that way? Because
they match. Why do you want then to match? 'Cause they'd probably
look better. They would iook better, ~wou1d/ they? Yeah. This £Ad4

what kznd we have -- a Buwk (pointing to a car).

_ - Anne -- Grade 2: . Yeah, but I don't know how many trucks.

I could fill'the iot in.- (E repeats the question). We'll have to
aquash 'em in there (as she puts the first five cars on the blue truck)
(She puts the next five cars on the yellaw truck, then the three re~ .
maining cars on the red tr‘uck) I don't get thw, there 'e three Zeft.
I'm gonna try a:nother number then (She shifts one car from the blue ;
_truck onto the red truck, then removes a. car from the yellow truck) .
Z%ere, one car Zef% (and she waits expectantly) (E repeats the prob—
1em questipn) I thznkvfbur. Are you sure that's right? Ifdhnno.._.‘;
Yeah - because if we put‘five: on'eacﬁ truck there's three Zeft‘ 4~Uh-fhu1v1. |
Now there's one left, and if we put 1,1: on ezther one truck it's uneven.
‘Are you sure<four is right, then? (She nods) How do you know there 8

going to be four? Because, zf.I put five here, five there, there might

\
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be . . . there Qeré three left then. So'I‘@ave to take one‘fr;ﬁ‘
-thére and pﬁ; it bn.theré, and take one off‘thene (éointiﬁg to.
trucks to' indiéate actions carried out éréviouslly). Uh-huh. What
about ﬁﬁe coloré? . Did you think about éuttigg the yellow cars on
the yelloﬁ. truck, and the blue cars on the blue truck, and . . .

a

'indan’t think"so."DO”you‘think-that"matter§?~-N03fbecaﬁae-there
N . because there are four yellows, and there are more reds tﬁan
blues. fi?zere 's only three blues. So you don't 'thinl; that mat;tt;.rs, o
eh? No, I don't ;hink it'd matter.- Wouldn't it help if you atd :
“that?' ﬁo, because we have to pﬁt the same amount on ebery trﬁck.
Celina -- Grade 3: (S glances at cérs,‘then points to
And_couﬁts é;acés on eaqhitruck).- Five. Are youysure'that'é'right?
(She looks at the trucks) . There’li‘bé g8ix 1f you take t#eae men
off. Arg‘§ou sure that's right now? Yeah;,six. ﬁhy'di&‘you say

five before? Because I didn't count the men, and the men stayed

b >
"

there. Would you fake‘the‘ﬁen_off? Yeah. Okay. Do we have enough
cars fo}put six}on every truck? Ev . . . yeah, I think';o; Did you
count to see if.therejﬁere'eﬂough?.‘(SheAc0unté the cars to herself). v
No.'~Di&n't you .count themvbéfore? :(She shakeg‘héf ﬁe;&£> Wﬁy didnft.
youé"(No response). Dia'yOu think tﬁgre would,be’enou%h for 8ix on |
every truckf (She noda).  I see. Now, did you think about ?dtfiﬁg the
biue.caga'gh the blue ﬁrﬁck, thg yellow.cars.on'the }éilow truck, and-
"the.féd éérgvon the red truck? Did you.think about that before i_told

Al

.iyou? No...‘
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